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Abstract

Background: Excessive alcohol useis a prevalent and worldwide problem. Excessive drinking causes a significant burden of
disease and is associated with both morbidity and excess mortality. Prototype ateration and provision of a cue reminder could
be useful strategies to enhance the effectiveness of online tailored interventions for excessive drinking.

Objective: Through a Web-based randomized controlled trial, 2 strategies (ie, prototype alteration and cue reminders) within
an existing online personalized feedback intervention (Drinktest) aimed to reduce adults' excessive drinking. It was expected
that both strategies would add to Drinktest and would result in reductionsin alcohol consumption by intrinsic motivation and the
seizure of opportunities to act.

Methods: Participants were recruited online and through printed materials. Excessive drinking adults (N=2634) were randomly
assigned to 4 conditions: original Drinktest, Drinktest plus prototype alteration, Drinktest plus cue reminder, and Drinktest plus
prototype alteration and cue reminder. Evaluation took place at 1-month posttest and 6-month follow-up. Differencesin drinking
behavior, intentions, and behavioral willingness (ie, primary outcomes) were assessed by means of longitudinal multilevel analyses
using alast observation carried forward method. Measures were based on self-reports.

Results:  All conditions showed reductions in drinking behavior and willingness to drink, and increased intentions to reduce
drinking. Prototype alteration (B=—0.15, P<.05) and cue reminder usage (B=-0.15, P<.05) were both more effective in reducing
alcohol consumption than when these strategies were not provided. Combining the strategies did not produce a synergistic effect.
No differences across conditions were found regarding intentions or willingness.

Conclusions: Althoughindividuals’ awareness of their cue was reasonabl e, their reported al cohol consumption was nevertheless
reduced. Individuals appeared to distance their self-image from heavier drinking prototypes. Thus, prototype alteration and cue
reminder usage may be feasible and simple intervention strategies to promote reductions in alcohol consumption among adults,
with an effect up to 6 months.

Trial Registration: Nederlands Trial Register (NTR): 4169; http://www.trialregister.nl/trialreg/admin/rctview.asp?T C=4169
(Archived by WebCite at http://www.webcitation.org/6V D2jnxmB).

(J Med Internet Res 2015;17(2):e35)  doi:10.2196/jmir.3551
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Introduction

Background

Excessive alcohol use is a prevalent and worldwide problem
[1]. Inthe Netherlands, 12.9% of the general population engages
in weekly binge drinking, defined as =4 and =6 glasses of
alcohol (10 gram each) per occasion for women and men,
respectively. Also, 8.3% drink excessively, defined as drinking
14 or 21 glasses per week for women and men, respectively [2].
The percentage of drinkers and amount of alcohol consumed is
generaly higher among men than women [2]. Excessive
drinking causes a significant burden of disease [3]. It is
associated with both morbidity and excess mortality [4]. Also,
it is an underlying cause, in part or entirely, of more than 30
health conditions and a contributing factor to many more
problems, such as social harm, costs, etc [5].

It is important to further our understanding of how to reduce
excessive drinking. A large number of interventions have
targeted drinking behavior assuming that behavior isintentional .
However, medium-to-large changes in intentions only lead to
small-to-medium changesin behavior [6]. Effect sizesarefound
to vary for different behavior types and specific populations
(eg, age-specific) with lower effect sizes for risk behavior than
for health behavior [7]. A meta-analysis showed that, among
theinterventionsthat were based on Theory of Planned Behavior
(TPB) components [8], only half were found to guide changes
in intentions and two-thirds guided changes in behavior, and
only small effect sizes were produced [9]. In addition, a
meta-analysis based on 7 studies found a medium effect size
(Hedges' g=0.39) regarding the effectiveness of online self-help
interventionsin reducing adults' drinking behavior in the genera
population, with an effect up to 6 or 9 months[10]. Thesetypes
of interventions have several advantages, such as reach and
cost-effectiveness (eg, [11-14]). However, single-session
interventions, such as Drinktest.nl (described subsequently),
have been found to produce small effect sizes only [10].
Drinktest has been shown to be more effective at reducing
alcohol consumption among adult males in the experimental
group than in the control group up to 1-month follow-up, but
not up to 6-month follow-up [15]. In sum, the results of previous
research and interventions often focused on explaining or
changing intentional behavior; these suggest that a significant
proportion of intentions and behavior remains unexplained and
that the effectiveness of interventions can be improved.

Two main reasons may account for the small-to-medium (or
lack of long-term) effects. First, individuals may not be fully
aware of the opportunities of how to act on their intentions. For
example, in the case of drinking behavior, the individual may
intend to limit his alcohol consumption. The person needs to
be aware of, for example, opportunities and resources to
accomplish thislimitation, such as responsesto othersto resist
drinkswhen offered. Asaresult, many studiesand interventions
have focused on hel ping people act on their intentions (eg, [16]),
acknowledging the well-known intention-behavior gap.

http://www.jmir.org/2015/2/e35/

However, the second reason isthat behaviors may occur without
intentions or even when having intentions not to do so [17,18].
Risk behaviors may aso be guided by socialy induced situations
and factors, such asimpulsivity, sensation seeking, and heat of
the moment [19], following implicit and socia resctive
processes [20]. Importantly, people do not always comply with
their intentions, and intentions are less likely to predict
impulsive behaviors (eg, excessive drinking). Therefore, some
researchers have suggested that targeting this social reactive
process may be more fruitful than addressing the explicit
goal-directed route to overcome these issues [21-23].

Additional Strategies

This study addresses these issues by examining the effect of 2
intervention strategies that could potentially help enhance the
effect of an existing online (ie, Web-based) tailored intervention,
Drinktest.nl: prototype alteration and cue reminders. Drinktest
is based on the TPB [8], I-Change [24], and Stages of Change
Model [25], providing normative and personalized feedback
regarding self-help guidelines to reduce alcohol consumption.
As described previously [15]:

Drinktest was devel oped by the Netherlands I nstitute
for Health Promotion and Disease Prevention (NIGZ).
Drinktest offersbrief personalized feedback regarding
an individual’s personal alcohol consumption
patterns. The intervention consists of various
components: overview of mean weekly alcohol intake,
associated health risks, self-help guidelinesto reduce
alcohol intake, and normative feedback to compare
one's own alcohol consumption to the level of one's
own cohort.

The first strategy that could potentially enhance the effect of
Drinktest is prototype alteration. Prototypes refer to the mental
image of atypical person engaging in acertain behavior [17,18],
such as atypical drinker or smoker. Prototypes are described
in the Prototype Willingness Model (PWM), a dual-process
model [17,20,23] assuming that behavior is guided by (1)
reasoned intentions and (2) unintentional implicit socia
reactions. These “routes’ may coexist in guiding behavior. For
unintentional implicit social reactions, behavior isthe result of
behavioral willingness (further referred to as willingness).
Willingness is defined as an “openness’ to risk situations
[18,20], such asthewillingnessto drink more than was planned.
Specifically, many risky behaviors are facilitated or prompted
by external stimuli or (social) situations [18]. Thus, the PWM
recognizes factors such asimpulsivity.

Prototypes have been shown to explain behavior through their
effect on willingness and intentions and have a so been shown
to directly explain drinking behavior [26-31]. The assumption
is that the more similar to the self and the more favorably the
prototype is perceived, the more the individual will be willing
or intending to engage in certain behavior [17,20]. Prototypes
can incorporate core values (ie, goa states) that individuals
desire (or avoid) (eg, [18,32]). Altering the perception of
prototypes can be used asastrategy to cultivate behavior change
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by, for instance, contemplation of or accentuating the negative
or positive characteristics attributed to the prototypes [33,34]
and by encouraging socia comparison and distancing from
health-risk prototypes [35,36]. Experiments and intervention
studies revealed that prototype ateration was effective in (1)
postponing the onset of drinking among children aged 10-12
years with an effect up to 2 years[37], (2) quitting success for
an adult smoking cessation group [36,38], and (3) changing
(health-risk and health-protective) behavior among adolescents
and undergraduates [28,33,34,37,39]. Although prototype
alteration has been applied to alcohol use, few interventions
aimed at reducing excessive drinking by using dual-process
models (PWM) have been applied to young adults (usually
incorporating only university students) and results have been
mixed [40-42]. To our knowledge, there are no such
interventions for the general adult population.

A second strategy is the use of cue reminders. The limited
number of studies focusing on cue reminders has shown that
cue reminders can help in changing (and maintaining) behavior
[43-45] because cue reminders can help people remember the
content of interventions or their personal goals. Cue reminders
can support enactment of intentions as they can unconsciously
prompt self-enhancing or self-protecting opportunities. That is,
experimental research suggeststhat cue reminders could function
through their salience and through an inhibiting mechanism.
This would result in the inhibition of other cues (ie, to engage
in health-risk behavior) that are present in a situation and, as a
result, impulsive behaviors can be hampered [43,44]. Cue
reminders are found to be effective even when people lack the
cognitive capacity to reason, such as when being under time
pressure or when already having consumed alcohol. This
suggests an effect through the implicit route [43,44]. Findlly, a
cue reminder strategy has the advantage that it can be asimple
means, such as a bracelet (one's own or provided), that can
remind people of an intervention or of their intentions.

Thisstudy examined whether prototype alteration and provision
of a cue reminder can be useful strategies to enhance the
effectiveness of an existing online (ie, Web-based) tailored
intervention, Drinktest. Drinking behavior, intentionsto reduce
drinking, and willingness to drink were targeted as primary
outcomes. It was expected that (1) prototype alteration may
intrinsically motivate people to drink less, (2) cue reminders
may strengthen the salience of alcohol reduction goals, and (3)
the combination of prototype alteration and acue reminder may
produce a synergistic effect and thus increase the salience and
intrinsic motivation to drink less. As such, we tested whether
the strategies of prototype alteration and a cue reminder in
addition to the Drinktest intervention would be more effective
in addressing excessive drinking behavior than the original
Drinktest without those additional strategies. Other outcomes
are also addressed, as will be described subsequently.

Methods

Design and Participants

A randomized controlled trial was conducted in the Netherlands
in which participants were randomly assigned by computer to
1 of 4 conditions: (1) origina Drinktest, (2) Drinktest plus

http://www.jmir.org/2015/2/e35/
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prototype alteration, (3) Drinktest plus cue reminder, and (4)
Drinktest plus prototype ateration and cue reminder (further
referred to as the “combined condition™). The online tailored
intervention consisted of baseline measurements and tailored
feedback. Follow-up measurements were conducted at 1 and 6
months (postintervention: T2 and T3). Eligible participantswere
individuals aged 18 or older engaging in excessive drinking:
exceeding 214 and >21 glasses of alcohol per week or drinking
>4 and =6 glasses per occasion for women and men, respectively
[46]. This norm was set by the original Drinktest and left
unchanged.

Recruitment and Procedure

Participants were recruited online and by printed materias
(posters and newspaper advertisements) from September 2012
to June 2013. Thewebsite of Drinktest was also easily accessible
by online search engines. Before entering theintervention (T1),
participants read the study information and were told that the
existing Drinktest website was being evaluated. It was explicitly
stated that participants did not have to commit themselves to
reducing their alcohol consumption. Participants were then
asked to sign the online informed consent form. In case
participants declined to participate, they could closethe browser
or receivethe original Drinktest without taking part in the study.
After the informed consent form had been signed, participants
were randomized into the conditions. Nonexcessive drinkers
(of which the status was known only after drinking behavior
was measured) were excluded from the study sample and routed
to the original Drinktest.

All questions were self-administered and data were collected
online. Participants were invited by email to participate in the
2 follow-up measurements and received remindersif necessary
(maximum of 3). Participants were invited for the 6-month
follow-up irrespective of their participation in the 1-month
follow-up. A total of 50 vouchers worth €50 were distributed
(by means of araffle) asincentive. Ethical approval was granted
by the independent ethics committee of the Erasmus MC,
Rotterdam, the Netherlands (ref no: MEC-2010-112).

Power analyses using G*Power3 (eg, [47]) were performed.
We expected to need a total sample size of 368 (4 groups x 3
time repetitions ANOVA_rm (repeated measures); ES(f)=.10,
alpha=.05, power=.80, nonsphericity correction=.50, rho=.5),
excluding dropout. Compensating for dropout (25% was
expected), approximately 480 (120 participants per subgroup)
would be needed. Given the larger dropout than expected, a
larger inclusion at baseline was needed and achieved. As a
result, the minimal required criterion of 480 participants to be
included in all 3 measurements was met.

Intervention

Overview

Figure 1 represents the flow of the intervention. All tailored
feedback was based on participant’s responses and gender and
wasdelivered online. All participants, irrespective of condition,
received questions and feedback according to the original
Drinktest. Feedback was derived from a computer program
linking each possible combination of responses with an
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appropriate message. Feedback was not provided during the second and third measurement.

Figure 1. Flowchart illustrating the flow of the intervention per condition.

Randomization
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Original Drinktest Condition

Participants in the origina Drinktest condition only received
the standard version, in which they received feedback tailored
to demographic background (gender), alcohol consumption,
and intentions to reduce drinking. These messages reflected on
personal drinking levelsin comparison to the Dutch norm and
peers' drinking behavior, the correctness of their absolute and
relative perceived drinking risks regarding health risks due to
their alcohol consumption, intentions, temptations (eg, coping
with fights), correctness of positive effects of alcohol (eg,
whether alcohol helps to sleep better), and correctness of
negative effects of alcohol (eg, consequences for the liver and
heart). To improve self-efficacy participants were encouraged
to make a plan (without guidance) or to balance the advantages
and disadvantages of reducing alcohol consumption. This part
took approximately 10 minutes [15]. Multimedia Appendix 1
provides examples.

http://www.jmir.org/2015/2/e35/
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Prototype Condition

After completing the origina Drinktest, participants in the
prototype condition received feedback regarding prototype
alteration (see Measures and Figure 1, and see Multimedia
Appendix 1 for exampl es) tailored to gender, drinking behavior
(a'soincluding normative feedback), intentions, and prototypical
self-characterization. This addition to the Drinktest took
approximately 5 minutes. The prototype message reflected on
characteristics that the participants evaluated as personaly
desirable or undesirable by evaluating oneself on 11
characteristics (see Measures). Negative characteristics were
accentuated as being negatively valued by peersand werelinked
to excessivedrinking (ie, implicitly referring to heavier drinking
prototypes) and positive characteristicswerelinked to moderate
drinking and being positive valued by peers (ie, moderate
drinker prototype). Participants were encouraged to reduce their
drinking to achieve their desired characteristics and, in turn, to
be positively valued by peers. Thus, this feedback implicitly
aimed to distance participants from the heavier drinking
prototypes, such as the drunk and heavy drinker, and to
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encourage similarity to and favorability of the moderate drinker
prototype (see [35,36,39]).

Then, participantswere guided in their goal setting by selecting
action plans (adapted from [48,49]) to achieve the desired
characteristics. First, they selected how they felt about reducing
their alcohol consumption after having received tailored
feedback ranging from 1="1 do not wish to reduce my alcohol
consumption” to 4="1 want to quit drinking.” If they were in
doubt or were certain about reducing or quitting, participants
were guided in their action plans by selecting a date to quit or
start reducing. If they chose to reduce their consumption, they
could set alimit of number of glasses per day and per week and
the number of days on which the participant will not drink
alcohol. Participants could also refuse to make plans (ie, “1 do
not wish to make a plan”) or could set their own goals.
(Participants in the original Drinktest condition did not form
action plans.)

Participants sel ected action plans rather than forming their own
because (1) forming plans of good quality has proven to be
difficult for participants[50] and (2) plansformed by individuals
are subject to additional variables compared to plans provided
by the researcher [51].

Cue Reminder Condition

After finishing the original Drinktest modules, cue condition
participants followed the same procedure in forming action
plans as in the prototype condition (adapted from [48,49]).
Feedback was provided that reflected on their action plans
explaining that a cue reminder may help remember their plans
(if made) and they were offered a free silicone bracelet (see
[43]) by mail. If participantsdid not want to receive the bracel e,
they were encouraged to select a piece of their own jewelry or
another object of frequent use. After the cue selection,
participants were instructed to think of their plans when they
were aware of their cue so that the cue was linked to the action
plans. If no plans were formed, participants were requested to
use a cue for the duration of 1 month for the sake of the study
and they were told to think of the content of Drinktest when
they were aware of the cue. All participants were asked to wear
their cue at least 1 month (ie, until T2). See Multimedia
Appendix 1 for examples. This addition to the Drinktest took
less than 5 minutes.

Combined Condition

Participants in the combined condition completed the original
Drinktest modules, the prototype alteration module, and the cue
module (see Figure 1). These participants were offered a cue
reminder and wereinstructed to remember their plans (if made)
and the desired characteristics they could achieve by reducing
their alcohol consumption when they were aware of the cue
reminder. See Multimedia Appendix 1 for examples.

M easures

Overview

All measurements included the same questions and followed
the same guidelines for drinking norms unless otherwise
specified. Measures from the original Drinktest were left

http://www.jmir.org/2015/2/e35/
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unchanged and items regarding demography, willingness,
prototypes, cue reminder, and process eval uation were added.

Process Evaluation (Measured at T2)

Participants reported on their appreciation of the intervention
at the 1-month posttest by answering the statement: “The
information and advice of Drinktest.nl were...” Answersranged
from 1=| disagree to 7=l agree regarding reliability, novelty,
being informative, ease of understanding, personal relevance,
persuasiveness, enjoyability, and usefulness (0=.86).

At 1-month posttest, all participants were asked, regarding the
past 4 weeks (1) how aware they had been of their alcohol use,
(2) how often they had contemplated on the intervention’s
feedback, and (3) their perception of having tried to reduce their
alcohol consumption. Finally, we checked whether participants
had correctly remembered their choice of cue, how aware they
were of their cue, and how often they had worn or used the cue
reminder. Answers to the Likert scales ranged from 1=not at
all to 7=alot.

Self-Characterization (Measured at T1, T2, and T3)

Theseitemswere assessed only at baseline among the prototype
and combined conditions because it was part of their
manipulation and feedback. Participants were asked to
characterize themselves by prototypical characteristics. That is,
prototypes are usually assessed by a list of characteristics
describing them (eg, [18,52]). In this case, participants were
instructed to rate themselves (ie, self-image) on 11 semantic
pairs of prototype adjectives to reflect which adjectives they
generally desired to be described with (7-point scale). The
adjectives (ie, characteristics) were derived from a previous
study on drinker prototypes [53]: unsociable-sociable,
insecure-self-confident,  loud-quiet, volatile-nonvolatile,
reserved-spontaneous,  annoying-funny,  boring-amiable,
sad-cheery, uncontrolled-controlled, irresponsible-responsible,
and unordered-determined. A higher mean indicated a more
positive desired self-image (T1-T3: a=.79-.86).

Primary Outcome Measures (Measured at T1, T2, and
T3)

Drinking Behavior

Drinking behavior was assessed by the Dutch version of the
Quantity-Frequency-Variability (QFV) index of alcohol intake
[54], which asked participants to report the number of glasses
they had consumed for each day of the past week. The mean
number of drinks per day was calculated and used for analyses.
A standard unit of a cohal contains 10 gram of ethanol, generally
irrespective of the type of drink.

Intentions

To assess intentions, the item was framed by Drinktest in
behavioral stagesin which participants chosefrom thefollowing
options: (1) | do not plan to reduce my acohol consumption,
(2) I plan to reduce my alcohol consumption within half ayear,
(3) I plan to reduce my acohol consumption within a month,
(4) | dready started reducing my acohol consumption, and (5)
| have reduced my alcohol consumption more than half a year
ago. This single item was treated as a continuous variable.
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Behavioral Willingness

Willingness was assessed by describing a scenario with 2
possible actions (adapted from [22,42]): “Imagine that it is
Saturday night. You're going out with friends and you already
had severa alcoholic drinks. You fedl you've had enough. One
of your friends offersyou adrink.” This scenario was followed
by the question “How willing would you be to...” with the
statements “I take it and drink it” and “I refuse” rated from
1=certainly not to 7=very certain (T1-T3: r=.76-.85). Answers
to the second statement were reversed.

Secondary OutcomeMeasures(Measured at T1, T2, and
T3)

Absolute and Relative Perceived Drinking

Absolute perceived drinking risks was assessed with the item
“With regard to my health, | consume too much alcohol” rated
from 1=I disagreeto 3=I agree. Relative perceived drinking was
assessed with the item “ Compared to [women/men] of my age,
| drink...” rated from 1=alittle to 3=alot.

Attitude

Attitude was examined by the original Drinktest using 12 items
measuring advantages and disadvantages of drinking alcohol
regarding health, sociability, and coping. For instance, “My
alcohol useishealthy for my heart and veins’ rated from 1=yes,
healthy to 3=no, unhealthy and “My acohol use is a bad
example to others’ and “My alcohol use is bad for my liver”
both rated from 1=yes, bad to 3=no, good. If needed, itemswere
reversed so that a higher score represented a more positive
attitude toward drinking. Because reliability over the 12 items
was|ow, principle component analysiswas performed revealing
2 factors. Only the first factor (5 items regarding relaxation,
sleep, group conformation, sociability, and coping) was used
in analyses (T1-T3: a=.73-.78) because the second factor still
had low reliability (T1-T3: a=.35-.43).

Self-Efficacy

A singleitem assessed self-efficacy: “ | find reducing my acohol
use” rated from 1=very hard to 5=very easy.

Temptations

Twelveitems examined temptations, which regarded emotions,
coping, habit, and social situations, such as “How tempting do
you find it to drink alcohol when you are at a party or in a
restaurant?’ with answers ranging from 1=not tempting at all
to 5=very tempting (T1-T3: 0=.86-.87).

Statistical Analyses

All analyseswere performedin SPSS21.0 (IBM Corp, Armonk,
NY, USA). First, we determined whether dropout between
baseline and follow-up measurements was different for
condition, gender, age, ethnicity, level of education, intentions,
willingness, and drinking behavior. Second, potentia differences
between conditions at baseline were assessed regarding these
measures. Third, the process eval uations were assessed. Fourth,
longitudinal multilevel analyses (mixed models) were performed
using the last observation carried forward (LOCF) method (1)
to account for dropout and (2) because of the nested design
(measurements such astime were nested in individuals). Using

http://www.jmir.org/2015/2/e35/
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the LOFC method implies that if data for a follow-up
measurement were missing, then datafrom the previous known
datawere used for analyses. For example, if datawere available
for thefirst and third measurements and the second was missing,
then the data from the first measurement were also used as the
second measurement instead of treating this data as missing. It
should be noted that reported descriptives are based on LOCF.

Following previousresearch [55], amultilevel regression model
for longitudinal data was used including a random slope and
intercept to analyze differences between conditions in the
changes in the dependent variables from baseline to both
follow-up measurements. The most important reason for using
this method is that it provides a solution to the problem of
missing data and thereby increases the power of the study [56].

The following independent variables were included in the
multilevel longitudinal analyses. having received prototype
alteration feedback (yes/no), having received a cue reminder
(yes/no), and the interaction of prototype ateration (yes/no)
and cue reminder (yes/no) to assess the added value of their
combination (following previous research [57]; between-group
variable), and including time (measurements, coded as 0, 1, 2
following Blom et al [55]; within-participant variable). For
instance, the analysisgroup that received the prototype ateration
strategy (prototype=yes) was compared to the group that did
not receive a prototype alteration strategy in addition to the
Drinktest (prototype=no). Analyseswere corrected for potential
significant differences between conditions at baseline. The
means are given per analysis group instead of per condition for
clarity and continuity with the effects presented in the tables
and figures. For sensitivity purposes, the analyses were repeated
for complete cases only. We used the median absolute deviation
(MAD) to detect outliers for the behaviora measures (at all
time measurements). MAD was applied becauseit ismorerobust
to outliers than standard deviation [58]. After applying MAD,
the variables were normally distributed.

Results

Participants Characteristics

Figure 2 presents the flowchart of participants showing that a
total of 6378 persons started the program. After data collection
was completed, 9 same email addresses were used by different
persons and were removed (n=19). Then, duplicates (n=99),
nonexcessive drinkers (n=2506), incomplete (n=892), and
outliersbased on MAD (n=228) at baseline were removed. The
resulting final sample consisted of 2634 eligible participants
(male: 1351/2634, 51.29%; age: mean 37.03, SD 15.19). LOCF
was applied. Most (94.46%, 2488/2634) of the sample was of
Western origin, as defined by Statistics Netherlands [59], most
originating from the Netherlands, followed by Belgium and
Germany. Western origin includes all countries in Europe
(except for Turkey), North America, Oceania, Japan, and
Indonesia (including former Netherlands East Indies).
Non-Western includes Turkey and al countries of Africa, Latin
America, and Asia, except Japan and Indonesia[59]. Also, most
were either pursuing or had completed a middle or higher
educational level (64.58%, 1701/2634).
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Intervention analyses were corrected for age and educational  conditions at baseline. Table 1 presents the baseline
level because these were significantly different between characteristics of participants overall and per condition.

Table 1. Participant characteristics and primary outcome measures at baseline (T1) presenting differences between study conditions.

Overall
Variables Condition (N=2634) Faoess X3 P
Original Drink- Prototype Cuereminder ~ Combined
test (n=660) (n=597) (n=517)
(n=860)
Age (years), mean 35.24(15.30) 37.43(1503) 37.43(15.03)  39.03(15.18) 37.03 (15.19) 7.33 <.001
(SD)
Gender, n (%) 4.6 .20
Male 467 (54.3) 330 (50.0) 297 (49.7) 257 (49.7) 1351 (51.29)
Female 393 (45.7) 330 (50.0) 300 (50.3) 260 (50.3) 1283 (48.71)
Educational level 154  .002
Low 346 (40.4) 224 (34.0) 197 (33.1) 161 (31.1) 928 (35.23)
High 511 (59.6) 435 (66.0) 399 (66.9) 356 (68.9) 1701 (64.58)
Origin, n (%) 04 .94
Non-Western 49 (5.7) 33 (5.0) 31(5.2) 28 (5.4) 141 (5.35)
Western 809 (94.3) 626 (95.0) 564 (94.8) 489 (94.6) 2488 (94.46)
Drinking behavior, ~ 3.51 (1.82) 3.65 (1.79) 3.64 (1.83) 3.64 (1.83) 3.60(1.82) 1.08
mean (SD)
Intentions, mean (SD)  2.58 (1.40) 2.71(1.34) 2.69 (1.36) 2.71(1.33) 2.66 (1.36) 1.58
Willingness, mean  4.60 (1.98) 4.65 (1.95) 457 (2.04) 4.41 (2.08) 4,57 (2.01) 1.57
(SD)
http:/Awww.j mir.org/2015/2/e35/ JMed Internet Res 2015 | vol. 17 | iss. 2 [e35 | p.10
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Figure 2. Flowchart illustrating the flow of participants through the study.
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A total of 1260 participants completed 1 or both of the follow-up
measurements (attrition 47.84%, 1260/2634). A total of 599
participants participated in all 3 measurements (attrition 77.26%,
599/2634). Dropout analyseswere performed for thosewho did
not participate in either of the 2 follow-up measurements.
Dropout was highest among the original Drinktest condition
(57.4%, 494/860) and was significantly higher than the prototype
condition (OR 1.48, 95% CI 1.20-1.81, P<.001), cue condition
(OR 1.26, 95% CI 1.02-1.55, P=.03), and combined condition
(OR 1.38, 95% CI 1.10-1.71, P=.004); the 3 added conditions
did not differ from one another. Dropout was a so higher among
men (OR 1.34, 95% CI 1.15-1.57, P<.001), lower educated
participants (OR 2.21, 95% Cl 1.87-2.60, P<.001), and
non-Western participants (OR 1.46, 95% CI 1.03-2.07, P=.03).
Additionally, those who dropped out were also slightly younger
(F1,2633=48.83, P<.001) and reported a dightly higher alcohol
consumption (F; 5433=17.66, P<.001). We used LOCF in the

longitudinal multilevel analyses to account for dropout and
corrected the analyses for age and education.

http://www.jmir.org/2015/2/e35/

Process Evaluation

Second, the appreciation of the intervention was assessed. The
origind (mean 4.85, SD 0.96) and extended Drinktest
(combining the 3 added conditions; mean 4.88, SD 1.12) did
not differ in their intervention evaluations (F, g;,=0.06, P=.81).
Both Drinktest versions were rated as equally interesting, new,
informative, understandable, personally relevant, persuasive,
enjoyable, and useful. The results were similar across al 4
conditions.

Furthermore, among the participantsin the cue and combination
conditions, 34.2% (193/564) received a bracelet and 43.1%
(243/564) chose to use their own cue, whereas only 22.7%
(128/564) did not wish to be reminded. At follow-up, the vast
majority were found to remember their chosen cue reminder
correctly (94.1%, 365/388) and reported using or wearing their
cue reminder frequently (61.4%, 127/207). The awareness of
the cue was reasonable (mean 3.27, SD 2.11).

Based on the means, participants that received a prototype
ateration and/or cue reminder strategy generally had higher
awareness of their alcohol consumption, contemplation of the
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intervention, and perception of having reduced alcohol
consumption than those who only received the original Drinktest
(Table 2). For those in the combination condition, a significant
higher contemplation of the intervention was found compared
to those in the original Drinktest condition. Also, participants

van Lettow et d

in either the prototype or combination condition reported higher
perceptions of having tried to reduce their drinking than
participantsin the Drinktest condition. Furthermore, anincrease
of self-characterization was found for those participants that
received the prototype alteration strategy.

Table 2. Means and standard deviation of process evaluation for 1-month posttest (T2) and 6-month (T3) follow-up measurements overall and per

condition.
Overall, mean (SD)
Variable Condition, mean (SD)? (N=2634)
Origina Drinktest Prototype Cue reminder Combined
(n=860) (n=660) (n=597) (n=517)
Process eval uation
Awar eness of drinking
T2 posttest 5.33 (1.56) 5.64 (1.44) 5,51 (1.51) 5.65 (1.43) 5.53 (1.49)
Contemplation of intervention
T2 posttest” 2.83(1.91) 3.23 (2.05) 3.28(1.96) 3.70 (2.18) 3.23(2.04)
Tried to reducedrinking
T2 posttest® 4.49 (2.09) 5.00 (2.09) 4.95 (2.13) 5.22 (2.11) 4.89(2.12)
Self-characterization
T1 baseline 5.42 (0.92) 5.46 (0.87)
T2 posttest 5.57 (0.86) 5.66 (0.83)
T3 follow-up 5.63 (0.84) 5.73(0.82)

aThere were only means for self-characterization at baseline for the prototype and combination condition. Differences for contemplation and trying to
reduce drinking are significant at P<.05. Analyses were corrected for age and level of education.

b Original Drinktest and Combined differ.

€ Original Drinktest and Prototype differ, and Original Drinktest and Combined differ.

Primary Outcomes

Table 3 showsthat the reported mean number of drinks per day
was 3.60 glasses at baseline (SD 1.82), 3.19 glasses at 1-month
posttest (SD 1.82), and 3.06 at 6-month follow-up (SD 1.81).
Table 4 presents effects over time and for short-term (baseline
and 1-month posttest) and long-term effects (baseline and
6-month follow-up). Alcohol consumption was reduced overall

http://www.jmir.org/2015/2/e35/

and participants who received the separate strategies of
prototypes ateration (B=-0.15, P=.03) and a cue reminder
(B=-0.15, P=.03) had larger reductions than those who did not
receive these strategies in addition to the original Drinktest
(Figure 3). The short-term effect was strongest and the long-term
effect was only significant for the overall analysis (Table 4).
Small effect sizes were found (Table 3).
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Table 3. Means and standard deviations (based on last observation carried forward) and effect size (Cohen’s d)? for primary and secondary outcomes
for baseline (T1), 1-month posttest (T2), and 6-month follow-up (T3) measurements, overall and per analysis group.

Variable No prototypeor  Received proto- d Received cue, d Receivedcueand d Overall, mean
cue, mean (SD)  type, mean (SD) mean (SD) prototype, mean (SD)
(n=857) (n=1176) (n=1113) (SD) (N=2634)
(n=517)

Primary outcomes

Drinking behavior

T1 baseline 3.51(1.82) 3.65 (1.81) 3.64 (1.83) 3.64 (1.83) 3.60 (1.82)
T2 posttest 3.20(1.79) 3.17(1.85) 0.09 3.21(1.85) 0.07 3.18(1.88) 0.08 3.19(1.82)
T3 follow-up 3.10(1.81) 3.03(1.82) 012 3.04(1.84) 0.10 3.03(1.88) 011  3.06(L81)
Intentions
T1 baseline 2.58 (1.40) 2.71(1.34) 2.70 (1.35) 2.71(1.33) 2.66 (1.36)
T2 posttest 2.67 (1.42) 2.86 (1.35) 0.04 2.83(1.35) 0.03 2.85(135) 004  2.79(L38)
T3 follow-up 2.74 (1.45) 2.88 (1.41) 0.01 2.88(1.43) 0.01 2.88(1.43) 001 2.84(143)
Behavioral willing-
ness
T1 baseline 4.60 (1.98) 455 (2.01) 4,50 (2.06) 4.41 (2.08) 457 (2.01)
T2 posttest 4.45 (2.02) 4.25(2.08) 0.08 4.24(2.11) 0.06 4.11(2.15) 0.08  4.34(2.06)
T3 follow-up 439 (2.04) 4.16 (2.06) 0.09 4.11(211) 0.09 4.02(2.10) 0.09  4.24(2.07)

Secondary outcomes

Attitude
T1 baseline 1.48 (0.35) 1.47 (0.32) 1.46 (0.32) 1.46 (0.31) 1.47 (0.33)
T2 posttest 1.47 (0.34) 1.45(0.32) 0.03 1.46(0.33) -003 1.45(0.31) 000  1.46(0.33)
T3 follow-up 1.46 (0.34) 1.46 (0.33) -003 1.47(0.34) -009 1.47(0.32) 009 1.47(0.34)
Self-efficacy
T1 baseline 2.38(0.96) 2.31(0.93) 2.29(0.92) 2.35(0.94) 2.31(0.93)
T2 posttest 2.48 (0.94) 2.47 (0.98) 0.06 2.44(0.95) 0.05 2.50 (0.96) 0.05 2.45 (0.96)
T3 follow-up 2.58 (1.00) 2.54 (1.00) 0.03 2.48(0.98) -001 2.53(0.97) 002 253(1.00)
Temptations
T1 baseline 2.27 (0.43) 2.28 (0.42) 2.29 (0.42) 2.25(0.42) 2.29(0.42)
T2 posttest 2.22 (0.43) 2.22(0.42) 0.02 224(0.42) 0.00 2.20(0.43) 0.00 2.23(0.42)
T3 follow-up 2.48 (0.66) 2.44 (0.66) -012 2.43(0.66) -016 2.42(0.65) 009 2.45(0.66)
Absolute perceived drinking risks
T1 baseline 2.38(0.75) 2.47(0.73) 2.49(0.71) 2.48(0.72) 2.45(0.73)
T2 posttest 2.37(0.76) 2.81(1.26) 047 3.27(159) 105 3.27(1.57) 10.07 2.77(1.23)
T3 follow-up 2.34(0.77) 2.54 (1.06) 0.15 2.74(1.28) 039 2.71(1.30) 0.36 2.53(1.03)
Relative perceived
drinking
T1 baseline 4.80 (1.25) 5.03 (1.15) 5.03 (1.18) 5.00 (1.16) 4.96 (1.20)
T2 posttest 3.55 (1.53) 352 (1.61) 021 3.66(1.66) 010 3.54(162) 017  3.59(L61)
T3 follow-up 3.21(1.49) 3.13(1.55) 025 3.23(1.61) 017 3.16(157) 020  3.19(155)

8 Effect sizes (Cohen’s d) are based on changes between T1 and T2, and T1 and T3 for the analysis groups that received an additional strategy compared
to the analysis group that did not receive an additional strategy added to Drinktest.
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Table4. Longitudinal multilevel analyses (mixed models) including analyses over all measurements (baseline, T1; 1-month posttest, T2; and 6-month
follow-up, T3) and separately for short term (T1 to T2) and long-term measurements (T1 to T3), corrected for education and age. Regression coefficient
(B) and 95% confidenceintervals are presented regarding change over timefor the strategy-added group versus no strategy added to the original Drinktest

analyses group.

Variables and time®

Prototype received vsno  Cue reminder received vs no

Interaction cue and proto-

Effect over 4 conditions

prototype received cue received type vs no additional strate-
gy received
B 95% ClI B 95% ClI B 95% ClI B 95% ClI
Primary outcomes
Drinking behavior
T1,T2,T3 -0.15* -0.28,-0.01 -0.15* -0.29,-0.01 0.08 -0.11, 0.27 -0.07**  -0.11,-0.02
T172 —0.32* -0.59-0.05 -0.30* -0.58-0.02 027 -0.13,066  -0.11* -0.20,-0.02
T1,T3 -0.22 -048,005 -0.23 —0.50, 05 0.08 -0.31, 047 -0.11* -0.20,-0.02
Intentions
T1,T2,T3 -0.01 -0.10,0.09 0.09 -0.01, 0.20 -0.08 -0.22, 0.06 0.01 -0.02, 0.05
T1,T2 0.15 -0.05,0.36 0.20 -0.01, 0.41 -0.18 -0.47,0.12 0.06 -0.01, 0.13
T1,T3 —0.06 -0.26,0.14 0.15 —0.06, 0.36 -0.12 -0.41,0.18 0.01 —0.06, 0.08
Willingness
T1,T2,T3 -0.05 -0.18,0.08 -0.10 —0.24, 0.05 0.01 -0.19,0.21 —0.05 -0.09, 0.00
T1,T2 -0.23 -051,005 -012 -0.42,0.17 -0.01 -0.42, 0.40 -0.10* —-0.19,-0.00
T1,T3 -0.05 -032,023 -017 —0.46, 0.12 0.02 -0.39, 043 -0.07 —-0.16, 0.02
Secondary outcomes
Attitude
TLT2,T3 0.00 -0.03,0.03 0.01 -0.02, 0.04 0.00 -0.03, 0.04 0.00 -0.00, 0.01
T1,T2 -0.03 -0.08,0.03 0.01 —-0.05, 0.07 0.01 -0.06, 0.08 0.00 -0.02, 0.02
T1T3 0.00 -0.05,0.05 0.02 -0.04, 0.07 0.01 -0.07, 0.08 0.01 -0.01, 0.02
Self-efficacy
T1,72,T3 0.01 -0.06,0.09 -0.02 -0.10, 0.06 0.01 -0.10, 0.11 -0.00 -0.03, 0.03
T1,T2 0.00 -0.15,0.16 0.04 -0.13,0.20 0.03 -0.19, 0.24 0.02 -0.03, 0.08
T1,T3 0.02 -0.13,0.17 -0.05 -0.21,0.11 0.02 -0.20,0.23  -0.01 -0.06, 0.05
Temptations
T1,72,T3 -0.00 —0.06, 05 -0.01 -0.07,0.04  -0.00 -0.07, 0.07 -0.01 -0.03, 0.01
T1,T2 0.01 -0.10,0.13 0.05 -0.06, 0.17 -0.08 -0.23, 0.06 0.00 —0.04, 0.04
TL,T3 -0.00 -0.11,011 -0.03 -0.15, 0.08 0.03 -0.11,018 -0.01 -0.05, 0.04
Absolute perceived drinking
risks
T1,T2,T3 -0.01 -0.10,0.09 0.27*** 0.17,0.37 -0.05 -0.17,0.08 0.09***  0.06, 0.13
T1,T2 0.00 -0.14,0.15 2.46*** 231,261 -0.27***  0.48,-0.07 0.90***  0.85, 0.95
T1,T3 -0.01 -0.15,0.13 -0.10 —0.24, 0.05 -0.04 -0.24,0.17 —0.05 -0.10, 0.00
Relative perceived drinking
T1,T2,T3 -0.11* -0.22,-0.01 -0.13* —0.24,-0.02 0.04 -0.09, 0.18 -0.07**  -0.10,-0.02
T1,72 -0.17* -0.33-001 -0.12 -0.29, 0.04 0.04 -0.18,0.26  -0.07* -0.13-0.01
T1,T3 -0.23** -0.39-0.07 -0.21* —0.38,-0.05 0.16 -0.07,0.38 -0.09**  -0.15-0.03

47T1,T2,T3 refersto analyses showing whether there is an effect over time during all 3 measurements for the added strategy vs no added strategy; T1,T2
represents short-term effects from T1 baseline to T2 posttest; T1,T3 represents long-term effects from baseline T1 to T3 follow-up.

*P<.05, **P<.01, ***P<.001.
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On average, intentionsto reduce alcohol consumption increased
and behavioral willingness to drink more decreased over time
(Table 3), but no differences were found across groups (Table
4). An exception was a significant short-term overall effect on
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willingness. The interaction of prototype ateration x cue
reminder was not significant; thus, it did not produce an extra
effect beyond the effect of the separate strategies.

Figure 3. Effects on drinking behavior (mean glasses per day) per analysis group at baseline (T1), 1-month posttest (T2), and 6-month follow-up (T3).

5.5

ha
W

N

(98]
(V)]

- —

Drinking behavior (mean glasses)

N
W

T1 T2

Secondary Outcomes

Although achangein attitude, temptation, and self-efficacy was
found (see means in Table 3 and effects in Table 4), prototype
alteration or a cue reminder did not produce a larger change
than when those strategies were not received.

Additionally, absolute perceived drinking risk was higher for
those who used a cue reminder in addition to the original
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Drinktest (B=0.27, P<.001) than for those who did not (see
Figure 4). However, both the cue reminder (B=-0.13, P=.04)
and prototype feedback (B=-0.11, P=.04) resulted in a lower
relative drinking perception than when these strategies were not
received in addition to Drinktest (see Figure 5). Medium-to-large
effect sizeswerefound. The nonsignificant prototype alteration
x cue reminder interaction for the secondary outcomes showed
that combining the strategies did not produce an extra effect
beyond the separate strategies.
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Figure4. Effectson absolute perceived drinking risks per analysis group (means) at baseline (T1), 1-month posttest (T2), and 6-month follow-up (T3).
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Figure5. Effects on relative perceived drinking per analysis group (means) at baseline (T1), 1-month posttest (T2), and 6-month follow-up (T3).
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Analyses With Complete Cases Only

Finally, the analyses were repeated including full cases only
(ie, without LOCF). Similar patterns of results were found as
when the LOCF method was applied, albeit the effect of the
cue reminder on relative perceived drinking became
nonsignificant (P=.08). The effect of prototype alteration (in
addition to Drinktest) on drinking behavior became
nonsignificant.
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Discussion

Overview

An online randomized controlled trial showed that prototype
ateration and a cue reminder usage can be useful strategiesto
complement an existing tailored intervention (Drinktest) in
reducing alcohol consumption. Although all conditions showed
reductions in acohol consumption and willingness, and
increased intention to reduce drinking over aperiod of 6 months,
reductions in alcohol consumption were higher among people
who had received the prototype ateration or a cue reminder in
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addition to the original Drinktest compared to those who did
not. The combination of the cue reminder and prototype
alteration did not enhance the effect of either of the independent
strategies. Importantly, participants in al conditions equally
appreciated the intervention, but dropout was lower for
participants who received the prototype alteration and/or cue
reminder in addition to Drinktest than for participants who
received the original Drinktest only.

Regarding the effect of the prototype ateration strategy, the
reduced drinking levels that were found were expected. It is
plausible that distancing from heavier drinking prototypes (eg,
drunk and heavy drinker prototypes) [52,53] was at play, so
that corresponding negative characteristics of excessivedrinking
were avoided (see also [33]), which may have led individuals
to perceive their personal risk as lower than for others (which
correspondswith thissignificant effect). Thisexplanation seems
to be supported by the finding that participants positive
self-characterization increased over time (based on prototypical
characteristics). It may also be that individuals changed their
unhealthy behavior to feel good and positive about themselves
(eg, [60]) and may be motivated to engage in self-consistent
behavior and, thus, may feel less at risk than others.

Theresults show that cue reminders may be an effective strategy
in addition to an existing intervention such as Drinktest, and
that the type of cue that we provided is feasible (ie, silicone
bracelet). Our study adds to the knowledge of testing the effect
of cue reminders on drinking behavior [43-45] by applying it
in areal-life setting (ie, participants used the cue in their own
environment and aimed at self-regulation). The cuewasdirectly
linked to reducing drinking behavior and may have inhibited
the urge to drink. However, although participants generally
wore or used their cue frequently, they were only reasonably
aware of it. Conditions did not differ in perceived attempts to
reduce their drinking, but participants that received both the
cue and prototype strategies (combination) contemplated more
on the intervention than those who received the original
Drinktest only. This may imply that rather than functioning
through their salience as previously proposed, the cue reminder
may have functioned through its presence in the context instead
[44]. Finally, usage of the cue in addition to Drinktest was
associated with changes in drinking behavior and absolute
drinking risks rather than intentions. It could be that, as would
be expected, the cue has reminded the participant to seize
opportunities to act rather than that it changed intentions or
willingness.

The interaction of prototype alteration and cue reminders did
not produce an extra effect beyond the separate effects of the 2
strategies. It suggests that both strategies have an independent
effect on drinking behavior, but that there is no synergistic effect
by combining them. Thus, for those effects that were significant
for both strategies, both may be effective but by separate means.
Perhaps the link between the characteristics to be achieved and
the cue reminder should have been stronger. It could be that the
characteristics were already salient in the prototype alteration
and hence no additional benefit of cue reminders may have
occurred. Or it may be that a cue reminder does not support
remembering an abstract construct such as* achievable personal
characteristics’” but does support the remembrance of concrete
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implementation intentions and action plans. To our knowledge,
a bracelet as a cue reminder has not been used as a means to
help decrease drinking behavior. It is conceivable that another
type of cue (eg, text messages) may have a different but
additional effect on the prototype alteration. Future research
could shed light on this possibility.

Limitations

The following study limitations must be addressed before
discussing the implications. First, dropout was large and the
sample largely consisted of Western participants. However, it
isunlikely that selection based on ethnicity would have changed
the results because non-Western and Western samples have
been found to show similar drinking behavior in the Netherlands
[2] and the analyses were corrected for ethnicity. In addition,
comparison of analyses in which LOCF was applied and
analyses including the full cases sample produced the same
pattern of results, which may indicate that a selection bias is
likely to have been limited. Moreover, it is unclear whether
demand effects may have played arole, which may have caused
the skewed distribution across the conditions. Also, results often
only remained significant in the short term. Altogether, the
results should be interpreted with caution and generalizability
may be decreased due to the larger dropout among specific
groups. Furthermore, the results were based on self-report.
However, we do not think that underreporting was a problem
because of the removal of outliers based on the MAD method
in the measurements. In addition, the prototype ateration and
cue effectsthat were found in addition to Drinktest can be partly
explained by the addition of action plans, although they both
had unique contributions to the outcomes. The effects are
meaningful and are generally consistent with expectations.
Finally, tailored feedback was provided at baseline only.
Although the results span a period of 6 months, future studies
could determine whether feedback at several measurement points
would improve these findings.

Implications and Future Research

The findings suggest the following implications and future
directions. First, our findings support earlier suggestions that
future interventions may benefit from providing relevant
prototypes to be achieved and avoided [29] and to tailor
prototypical characteristics according to the individuas
relevance[53]. Heavier drinking prototypes (eg, heavy drinker,
drunk) [52] could be relevant prototypes to be distanced from
by accentuating the attributed negative characteristics[33], and
the moderate drinker prototype could be encouraged to
assimilate with [29] by accentuating the achievability of its
positive characteristics if alcohol consumption were reduced.
Thus, inthe case of experienced drinkers, modifying the valence
of prototypes could prove worthwhile and the effect of
prototypes on drinking behavior could be overcome by
implementation intentions or action plans (see also [41]).

Second, the bracelet had the advantage of being self-regulated
by participants and that it can be effective even when alcohol
isalready consumed [43,44]. However, only limited knowledge
is available on the effectiveness of different types of cue
reminders. Future research should determine which type of cue
reminder is most effective and how to make individuals more
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aware of the cue. Future research also needsto be aware of the  aware of their drinking behavior and that especially informs
different mechanisms influencing the effect of cuereminders.  excessive drinkers about the consequences of their behavior as
was done by the original Drinktest [15]. However, future
research is necessary to further our understanding of how to
optimize prototype alteration and cue reminders as strategies.

Third, it may be important for future interventions to
complement the strategies with messages that make people
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Abstract

Background: Computer-tailored physical activity (PA) interventions delivered through the Internet represent a promising and
appealing method to promote PA at a population level. However, personalized advice is mostly provided based on subjectively
measured PA, which is not very accurate and might result in the delivery of advice that is not credible or effective. Therefore, an
innovative computer-tailored PA advice was developed, based on objectively pedometer-measured PA.

Objective: The study aim was to evaluate the effectiveness of acomputer-tailored, pedometer-based PA intervention in working
adults.

Methods: Participants (=18 years) were recruited between May and December 2012 from eight Flemish workplaces. These
workplaces were allocated randomly to an intervention or control group. Intervention group participants (n=137) received (1) a
booklet with information on how to increase their steps, (2) a non-blinded pedometer, and (3) an Internet link to request
computer-tailored step advice. Control group participants (n=137) did not receive any of theintervention components. Self-reported
and pedometer-based PA were assessed at baseline (T0), and 1 month (T1) and 3 months (T2) months post baseline. Repeated
measures analyses of covariance were used to examine intervention effects for both the total sample and the at-risk sample (ie,
adults not reaching 10,000 steps aday at baseline).

Results: The recruitment process resulted in 274 respondents (response rate of 15.1%) who agreed to participate, of whom 190
(69.3%) belonged to the at-risk sample. Between TO and T1 (1-month post baseline), significant intervention effects were found
for participants’ daily step counts in both the total sample (P=.004) and the at-risk sample (P=.001). In the at-risk sample, the
intervention effects showed a daily step count increase of 1056 steps in the intervention group, compared to a decrease of 258
stepsin the control group. Comparison of participants' self-reported PA revealed a significant intervention effect for time spent
walking in the at-risk sample (P=.02). Intervention effects were still significant 3 months post baseline for participants' daily
step countsin both the total sample (P=.03) and the at-risk sample (P=.02); however, self-reported PA differences were no longer
significant.

Conclusions: A computer-tailored, pedometer-based PA intervention was effective in increasing both pedometer-based and
self-reported PA levels, mainly inthe at-risk participants. However, more effort should be devoted to recruit and retain participants
in order to improve the public health impact of the intervention.

http://www.jmir.org/2015/2/e38/ JMed Internet Res 2015 | val. 17 | iss. 2 [e38 | p.22
(page number not for citation purposes)


mailto:sofie.compernolle@ugent.be
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Compernolle et al

Trial Registration: Clinical Trials.gov: NCT02080585; https://clinicaltrial s.gov/ct2/show/NCT02080585 (Archived by WebCite
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Introduction

Regular physical activity (PA) leads to multiple health benefits
and reduces the risk of many chronic diseases[1-3]. Although
these benefits are well established, most adults do not meet
current PA recommendations [4,5]. International guidelines
recommend at least 20 minutes of continuous, aerobic
vigorous-intensity PA at least three times aweek or at least 30
minutes of moderate-intensity PA five times a week [6]. An
alternative guideline, proposed by Hatano [7] and frequently
used in physical activity research, recommends at least 10,000
steps a day [8,9]. To stimulate adults in reaching these
guidelines, different types of PA interventions have been
developed in the past, such as pedometer-based interventions
and computer-tailored interventions [10-12].

A recent meta-analysis, examining the effect of pedometer-based
physical activity interventions, suggested that pedometer use
has a moderate and positive effect on the increase of PA.
Moreover, the effect was more pronounced when integrating
10,000 steps a day as the step goal [13]. Computer-tailored
interventions have also been shown to be effectivein supporting
PA [14-18] and are offering several advantages. First, most
computer-tailored interventions are Web-based interventions,
which means that the advice can be requested online. Online
interventions are shown to be appealing and feasible and have
the ability to reach many people in a cost-effective manner at
any time and location [19-21]. Second, computer-tailored
interventions provide individualized advice, which is
automatically generated based on participants answers to a
predefined diagnostic questionnaire. Previous studies have
shown that participants are more likely to increase their PA
level when receiving tailored feedback, compared to generic
feedback [12,22-24].

However, existing computer-tailored interventions also have
limitations. Completing questionnairesis time-consuming, and
self-reported PA data may have been influenced by response
and recall biases [25]. Therefore, we developed Web-based,
computer-tailored PA advice, based on participants’ objectively
measured daily step counts[26]. Consequently, the assessment
of baseline PA will be more accurate and participants will no
longer need to complete an extensive questionnaire to assess
their baseline PA level. This PA adviceisrelatively innovative,
given that to date, only afew computer-tailored physical activity
interventions were coupled with a personal activity monitor
[14,27].

Feasibility of this Web-based, computer-tailored step advice
was examined by De Cocker et a [26] in a pilot study. They
conducted a randomized controlled trial among participants
recruited through general practitioners (GPs) [26]. This

http://www.jmir.org/2015/2/e38/

demonstrated that the majority of the participants accepted the
step advice well and that it was perceived as useful. While PA
increased, no superior intervention effects on PA levels were
found in the tailored condition, compared with the standard
condition. This could be explained by three factors. First, the
statistical power was limited, since the study sample at posttest
wasrather small (N=69). Only 20 participants provided objective
pedometer data on both baseline and post-intervention
measurements. Second, participants of the control condition
also received apedometer and step information during the study
period; however, pedometers as a stand-al one intervention have
shown to be effectivein increasing step countsin adults as well
[28]. Third, the pilot study assessed only pedometer-based and
self-reported PA at two time points (baseline and 3 months post
baseline), so it is not possible to examine the effect of the
intervention immediately after requesting the advice.

To overcome these shortcomings, a new cluster randomized
controlled trial was conducted to assess the effectiveness of
Web-based tailored step advice in adults with (1) a larger
sample, (2) acontrol group that did not receive any intervention
component, and (3) three assessment points.

Methods

Participants and Study Design

Thisstudy used acluster randomized controlled tria to evaluate
the effects of a computer-tailored, pedometer-based PA
intervention delivered through the Internet. Potential participants
were recruited from “white-collar” workplaces, given that the
majority of the employees in these workplaces were not
physically active during the day. Managers of 18 workplaces
were invited by email in three waves at different times of the
year (to overcome seasona effects). The first wave started in
May 2012, the second wave in September 2012, and the third
wave in December 2012. Eight workplaces, of which three
schools (ie, secondary schools), three commercia organizations
(ie, two software companies and one consulting company), and
two non-profit organizations (ie, health insurance organi zations),
consented to participate. All employees of a single workplace
were allocated at random to either the intervention or awaiting
list control group by thefirst author using acomputer-generated
random list, in order to avoid contaminati on between employees
receiving the intervention and those not receiving the
intervention. Every wave contained at least one intervention
and one control workplace, and both the intervention group and
the control group contained at least one school, one commercial
organization, and one non-profit organization. Subsequently,
employees of the participating workplaces were recruited by
email. Only Dutch-speaking employees between 18 and 65
years old and who had accessto the Internet at work or at home
were eligible. Interested employees could sign up by returning
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a confirmation email to the researchers. On receiving this
information, a meeting was organized in each of the eight
worksites to deliver all documents for baseline measurement
(TO) to the participants, including an informed consent form, a
blinded pedometer, an activity log, and a self-administered
guestionnaire. During this meeting, information was provided
on how to use the pedometer, how to log PA activities, and how
to answer the questionnaire. To reduce expectancy effects,
researchers concealed information on the study’s focus, and
asked participantsto adhereto their usual PA pattern throughout
the measurements. After 1 week, all measurement tools were
collected, and average daily step counts were calculated. At this
point, participants in the intervention condition received (1) a
booklet with information on how to increase steps, (2) a
non-blinded pedometer, which they could usefor 3 months, and
(3) a username, password, and the number of average daily
steps, calculated by the researchers, so that participants could
use this number when requesting the Web-based,
computer-tailored step advice. Participants in the control
condition did not receive any of the above mentioned
intervention components. At 1 month and 3 months, all
participants again received a blinded pedometer, which was
worn for 1 week. When wearing the blinded-pedometer 1 month
(T1) and 3 months (T2) post baseline, wearing the non-blinded
pedometer was also alowed. Furthermore, the same
self-reported questionnaire was used to measure PA level at T1
and T2. This study protocol was approved by the Ghent
University Ethics Committee, and an informed consent was
obtained from each participant before the study started.

See Multimedia Appendix 1 for the CONSORT-EHEALTH
checklist [29].

Computer-Tailored I ntervention Website

The intervention website was developed based on previous
computer-tailored interventions to increase PA in Flanders
[16,30-32] and consists of two main parts, a Web-based
guestionnaire and computer-tailored step advice. The
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guestionnaire assesses demographic variables, average daily
steps, and psychosocia determinants towards 10,000 steps/day
(Figure A in Multimedia Appendix 2; Table 1). The
computer-tailored step adviceincludesfeedback to help people
reaching the PA recommendation of 10,000 steps/day. Three
parts can be distinguished in the computer-tail ored step advice.
The first part consisted of a general introduction. The second
part, included personalized feedback on the participants’ current
number of steps. In this part, a schedule was provided on how
they could reach the goal of 10,000 steps/day, based on
participants’ preference of increasing their current step level
with 500 or 1000 steps per week. The third part contained
recommendations and suggestionsto increase daily step counts
(see Figures B-D in Multimedia Appendix 2). All three parts
are based on the Theory of Planned Behavior [33] and the
Transtheoretical Model [34]. The Theory of Planned Behavior
is reflected by providing feedback on participants' intentions,
attitudes, self-efficacy, socia support, knowledge, benefits, and
barriers towards physical activity (see Table 1).

The Transtheoretical Model was used to adapt the content of
the advice and the way of providing feedback to the stages of
change. Precontemplators were mainly informed in an
impersonal way about theideaof 10,000 steps, and its associated
health benefits. Contemplators received the same information
inamore personal way and were carefully informed that taking
more steps might be beneficial for them. In the preparation
stage, participants received less general information but were
decisively asked toincreasetheir daily steps. Inthe action stage,
participants were encouraged in a supportive way to sustain
their average daily steps. Some tips and tricks were provided
to prevent relapse. In the maintenance stage, the feedback was
limited to the message that they were doing well and should
continuethisway. If participants requested the computer-tailored
step advice for a second time or more, progress feedback was
provided by comparing their previous step level with their
current step level. A more detailed description of the step advice
can be found in De Cocker et a [26].
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Psychosocial determinant

Question

Answer possibilities

Example of the step advice

Intentions

Attitudes

Self-efficacy

Social support

Knowledge

Benefits

Barriers

Are you planning to step more within the
upcoming 6 months?

Are you planning to step more within the
upcoming month?

| find it healthy to increase my daily step
counts

I find it enjoyable to increase my daily
step counts

| find it good to increase my daily step
counts

| find it relaxing to increase my daily step
counts

Do you think you are able to increase your
daily step counts on (1) most of the days
inausual week? (2) on daysthat you feel
bad, tired, nervous, or depressed? (3) on
days that you have a busy schedule?

To what extent do you receive support
from thefollowing peopleto increase your
daily step counts? Partner? Children (>12
years)? Friends?

Arethefollowing people regularly physi-
cally active? Partner? Children (>12
years)? Friends?

Areyou familiar with the use of apedome-
ter?

What isthe most important benefit for you
to increase your daily step counts?

What are the two most important barriers
for you to increase your daily step counts?

Yes/no

Not agree/ sometimes agree, sometimes
not agree/ Agree

I'msurel can/ | think | can/ I'm sure |
can't

Never/ Sometimes/ Often/ | do not have
apartner, children, or friends

Yes/ No/ | do not have a partner, chil-
dren, or friends

Yes/ No

To lose weight/ To feel less depressed/
To feel more attractive/ To get a better
physical condition/ To meet new people/
To have fun/ To feel the kick of compe-
tition

Lack of interest/ Lack of time/ Lack of
self-discipline/ Lack of social support/
Lack of pleasure/ External factors, such
as bad weather conditions, lack of mon-
ey, lack of facilities/ Lack of awalking
partner/ Lack of good health/ Being ac-
tive makes me feel tired/ Having an in-
jury

You are planning to increase your
daily step counts within 1 month.
Thisisagood idea, as your current
number of daily step countsisless
than 10,000.

You indicated that you did not find
it healthy to increase your daily step
counts. However, previous research
has indicated that people who are
physicaly active are lesslikely to
develop cardiovascular diseases,
obesity, hypertension, diabetes, os-
teoporosis, depression, cancer, etc

You are sure that you are not able
to increase your daily step counts
when you feel tired or depressed.
However, it has been shown that
being physically active reduces
feelings of depression and exhaus-
tion.

Studies have shown that peoplewho
have a partner to be physically ac-
tive with, are more likely to sustain
their physically active lifestyle. As
you indicated that your partner is
regularly physically active, it may
be good ideato be physically active
together.

You indicated that you are not famil-
iar with the use of a pedometer.
Therefore, youwill find some gener-
al information about the use of a
pedometer below.

Feeling less depressed as a conse-
guence of an active lifestyleisim-
portant for you. This could bea
good reason, as previous research
has indicated that being physicaly
active resultsin feeling less de-
pressed.

External factors hinder you from
increasing your daily step counts.
Nevertheless, being physically ac-
tive does not have to be expensive,
eg, walking, running and swimming
are very cheap. Moreover, some
sports do not require specific sport
facilities.

M easur ements

Self-Reported Measurements

Demographic variables, PA, sitting time of the participants, and
acceptability of the step advice were measured by means of a
paper-based questionnaire. Demographic variableswere assessed
at baseline and included sex, age, height, weight, highest degree
of education (primary or secondary education, college,
university), health (very good, good, fair, bad, very bad), and

http://www.jmir.org/2015/2/e38/

place of residence (town, outskirts of town, village, or
countryside). PA and sitting time were measured with the
validated International Physical Activity Questionnaire (IPAQ),
short version, at al time points [35]. In the questionnaire, both
the frequency and duration of walking, moderate PA, vigorous
PA, and time spent sitting during the past week were measured.
Acceptability of step advice was examined by asking
participants about the understandability, the logic, the practical
use, and the length of the questionnaire. Furthermore, questions
were asked about the relevance, the credibility, the
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understandability, theinstructiveness, and the length of the step
advice.

Objective Measurements

A blinded Omron HJ-203-ED pedometer, which showed good
validity and reliability, and an activity log were used in the
study [36]. The pedometer was equipped with a 7-day memory,
allowing for daily steps to be automatically reset to zero at
midnight. Participants were instructed to wear the pedometer
around the neck, given that the least amount of error was
observed for this wearing position [36]. Furthermore, the
pedometer had to be worn for at least 5 days, including at least
one weekend day, at al time points. Removal of the pedometer
was permitted only during sleeping or water-based activities,
such as bathing or swimming. The activity log was used to
record the time and duration of non-walking activities (eg,
swimming or cycling) and to document information about
non-wearing of the pedometer (date and hours).

Data Reduction

Participants baseline characteristicswere described using means
and standard deviations for quantitative variables and
percentages for qualitative variables. Body mass index (BMI)
was computed as self-reported weight in kilograms divided by
self-reported square height in meters. Pedometer-based PA was
expressed in steps/day and calculated for al participants with
valid pedometer data (ie, if thetotal counts were >100, and the
pedometer had been worn for at least 8 hours [37,38]) for at
least 5 consecutive days[39]. Pedometer-data exceeding 20,000
steps/day were truncated as 20,000 to avoid unrealistically high
data [40]. Self-reported total PA was computed by summing
the time spent walking and doing moderate and vigorous PA in
the last week. All self-reported physical activities were
expressed in minutes/day. Data were cleaned as outlined in the
IPAQ guidelines[41]. Both pedometer-based and self-reported
PA data were log-transformed to correct for positive skewness
(indicated by a significant Kolmogorov-Smirnov test) prior to
further analyses.

Statistical Analyses

Descriptive statistics were used to summarize participants
baseline characteristics and to describe the acceptability of the
step advice. Participants' characteristics at baseline were
compared by independent sample t tests for quantitative
variables and by chi-square tests for qualitative variables to
detect baseline differences between the control and the
intervention group and to perform adrop-out analysis. Baseline
characteristics that differed significantly between intervention
and control group were used as covariates in further analyses.
To determine what analyses should best be used to examine
intervention effects, a three-level regression anaysis was
conducted (because of the hierarchical structure of the data)
with assessment point at thefirst level, individua at the second
level, and company at thethird level. Asthe random part of the

http://www.jmir.org/2015/2/e38/
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null model showed that the variance at the company level was
not significantly different from zero ()(21:3.06, P=.08), it is
possible to examine intervention effects on PA behavior by
conducting three 2x2 repeated measures analyses of covariance
(ANCOVA) with time (two measurement moments) as within
factor and condition (intervention group, control group) as
between factor. Using these analyses also increases the
interpretability of the outcomes. All repeated measures
ANCOVAs were conducted separately for the total sample, as
well asfor the at-risk sample only (ie, adults not reaching 10,000
stepsaday at baseline). Analyseswere performed using MLwiN
version 2.29 and IBM SPSS Statistics 21.0. The level of
statistical significance was set at P<.05; P values between .05
and .10 were considered borderline significant.

Results

Participant Characteristics, Response, and Attrition
Rate

Figure 1 shows the flow of participants through the study.
Invitation letters were sent to 1817 people, spread over eight
workplaces. This recruitment process resulted in 274
respondents (response rate of 15%) who agreed to participate,
of which 137 (50%) were allocated to the intervention group
and 137 (50%) to the control group. Of the 137 intervention
participants, 6 (4.4%) were in the precontemplation phase, 12
(8.8%) in the contempl ation phase, 64 (47%) in the preparation
stage, 35 (26%) in the action phase, and 20 (15%) did not
provide information on their intentions. A total of 101 (74%)
intervention participants and 112 (82%) control participants
completed 1-month post baseline measurements, and 91 (66%)
intervention participants and 107 (78%) control participants
completed 3-month post baseline measurements. Finally, 91
intervention group participants and 107 control group
participants had complete data. Drop-out analyses indicated

that participants from theintervention group (x%=4.661, P=.03,

two-tailed) and commercial companies (x22:27.087, P<.001,
two-tailed) were more likely to drop out. No significant
differences were found for demographic variables,
pedometer-based PA, and self-reported PA between completers
and dropouts (see Multimedia Appendix 3).

Baseline characteristics of the intervention and control group
are presented in Table 2. The groups differed significantly at
baseline in time spent sitting, with participants in the
intervention group having a higher sitting time than participants
in the control group (P=.01) (see Table 2). A trend of
significance was observed for place of residence, with more
participants living in a village or in the countryside in the
intervention group (P=.06). No significant differences were
found for the other demographic variables, pedometer-based
and self-reported PA between intervention and control
participants (see Multimedia Appendix 3).
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Table 2. Comparison of baseline characteristics.

Compernolle et al

Characteristic Intervention group Control group Group comparison P value
Demographic variable

Gender, n (%) X21=0.10 76
Male 50 (38.5) 45 (36.6)
Female 80 (61.5) 78 (63.4)

Age, mean (SD) 42.1(11.4) 41.9 (10.7) to53=0.20 .84

BMI, mean (SD) 25.5(4.9) 24.7 (3.8) to53=1.37 17

Education, n (%) X%2=2.06 36
Primary/secondary 40 (31.2) 28(23.1)
College 56 (43.8) 59 (48.8)
University 32(25.0) 34(28.1)

Self-rated health, n (%) x%=0.09 95
Very good/good 101 (78.9) 96 (78.7)
Fair 22 (17.2) 22 (18.0)
Very bad/bad 5(3.9) 4(3.3)

Place of residence, n (%) X%2=5.79 062
Town 25 (19.4) 30 (24.8)
Outskirts of town 47 (36.4) 56 (46.3)
Village/countryside 57 (44.2) 36 (29.8)

Pedometer-based PA (steps/day), mean (SD) 8329 (3869) 8324 (3926) tp53=0.14 .89

Self-reported PA and sedentary time (minutes/day)
Sitting time 526.7 (163.7) 465.2 (186.1) tp53=2.82 .01°
Walking 22.2 (65.2) 24.7 (77.9) tp53=0.04 97
Moderate PA 22.2(26.2) 26.9 (39.6) tp53=0.82 41
Vigorous PA 9.9 (18.0) 9.0 (21.3) to53=1.18 .24
Total PA 53.6 (85.2) 55.7 (75.9) tp53=0.19 85

#p<.10.
bp<.05.
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Figure 1. Participant flow through the study.
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Acceptability of the Step Advice

The mgjority of the intervention group participants (118/137,
86%) did request the computer-tailored step advice. Most
participants found the questions easily understandable (91/93,
98%) and that they progressed logically (88/90, 98%). Almost
half of the participants considered the length of the questionnaire
to be adequate (41/89, 46%), and 94% (84/89) of the participants
had no problems answering the questions. The step adviceitself
was rated as interesting by 94% (82/87), as credible by 95%
(84/88), as understandable by 96% (85/89) and as instructive
by 80% (71/89). The only downside that was addressed wasthe
length of the advice. More than half of the participants (80%,
71/89) found the advice too long.

http://www.jmir.org/2015/2/e38/

Changesin Physical Activity for the Total Sample

Tables 3to 5 present intervention effects for participants daily
step counts, sitting time, walking time, moderate PA time,
vigorous PA time, and total PA time. For the total group,
comparison of participants pedometer-based PA reveded a
significant intervention effect between TO and T1 (Fy 14,=8.70,
P=.004) and between TO and T2 (Fy 176=4.59, P=.03). Daily
step countsin the intervention group increased from 8760 steps
at TOto 9235 at T1 (1 month later) and to 9484 at T2 (3 months
later), while daily step counts of the control group decreased
from 8628 at TO to 8102 at T1, and to 8589 at T2. The
percentage of individuals meeting the recommended guideline
of 10,000 steps a day evolves from 36% (35/97) at TO to 55%
(36/65) at T1 and 65% (36/55) at T2 in the intervention group,
and from 32% (30/93) at TO to 35% (29/83) at T1 and 53%
(37/70) at T2 in the control group. Figure 2 shows the change
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of average daily step counts of participants completing all three
measurements. Comparison of participants’ self-reported PA
indicated a trend of significance for moderate PA between TO
and T1 (Fy45,=3.13, P=.08). Intervention group participants

Compernolle et al

increased their moderate PA by 2.29 min/day, while control
group participants decreased their moderate PA by 9.06 min/day.
No significant intervention effects were found for time spent
sitting, walking, being vigorously active, and for total PA.

Figure 2. Change of average daily step counts of participants completing all three measurements from the total sample (N=168) and the at-risk sample

(n=119).
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Changesin Physical Activity for the At-Risk Sample

For the at-risk sample, which included only the participants not
reaching 10,000 steps at baseline (=190, 69%), significant
intervention effects on step counts were found between TO and
T1(F;136=11.98, P=.001) and between TO and T2 (F; ;,,=5.54,
P=.02). Daily step counts in the intervention group increased
from 6697 stepsat TOto 7753 at T1 (1 month later) and to 8019
at T2 (3 months later), while daily step counts of the control
group first decreased from 6898 at TO to 6640 at T1 and
subsequently increased to 7308 at T2. The percentage of
individual s meeting the recommended guideline of 10,000 steps
aday increased from 0% at TO to 30% (16/53) at T1 and 34%
(16/47) at T2 in the intervention group, and from 0% at TO to
11% (8/76) at T1 and 28% (17/61) at T2 in the control group.
No significant intervention effects were found between T1 and
T2 (Fy16=-04, P=.84). Figure 2 represents the change of
average daily step counts of at-risk participants completing all
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three measurements. Comparison of participants self-reported
PA demonstrated asignificant intervention effect for time spent
walking between TO and T1 (F;;,=3.06, P=.02). Both
intervention and control group participants increased their
walking time, though the increase in walking time was much
higher in the intervention group (26.96 min/day) than in the
control group (6.99 min/day). A trend for significancewasfound
between TO and T1 for moderate PA (F; 10,=5.80, P=.08) and
for total PA (Fs=3.58, P=.06). From TO to T1, intervention
group participantsincreased their moderate PA by 4.68 min/day
and their total PA by 33.93 min/day, while control group
participants decreased their moderate PA by 9.89 min/day and
their total PA by 3.48 min/day. Between TOand T2, atrend was
also found for vigorous PA (F, 4,=3.05, P=.08). Vigorous PA
increased by 5.47 min/day in the intervention group and
decreased by 0.68 min/day in the control group. No intervention
effects were found for time spent sitting.
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Table 3. Effects on pedometer-based and self-reported PA in both conditions for the total sample and the at-risk sample (<10,000 steps at baseline)

from TOto T12
Total sample Risk sample
TO T1 Time x Group TO Tl Time x Group
n Mean (SD) Mean (SD) F (df) P n Mean (SD) Mean (SD) F (df) P

Pedometer-based PA (steps/day)

8.698 11.977
IG % 8759.98(3771.32) 9235.48 (4281.05) (1,192) 004° 65 6697.34 (1864.33) 7753.18(3196.10) (1,136) .001°
CG P 8627.69(3786.73) 8101.77 (3882.31) 74  6898.16 (1979.35) 6640.43 (2751.43)
Self-reported PA and sitting time (min/day)
Sitting time
IG & 512.11(164.33) 511.20 (155.56) 0.003 95 54 534.07(163.11) 541.67 (142.90) 0.362 .55
(1,1712) (1,116)
CG 91 460.91(184.68) 464.73 (194.56) 65 497.46 (193.33) 498.46 (193.72)
Walking
2.246 5.801
IG 71 14.49(22.86) 37.05 (92.52) (1,153) .14 45 12.49(24.17) 39.48 (113.45) (1,201) .02°
CG & 26.17 (51.93) 42.37 (86.66) 59 12.56 (16.60) 19.55 (22.35)
M oder ate PA
3.133 3.057
IG 8 2330(28.11) 25.59 (36.85) (1,161) 08¢ 52 1694 (24.05) 21.62 (34.70) (1,107) .08¢
CG &8 24.94(36.21) 15.43 (20.08) 58 19.45(37.70) 9.56 (11.27)
Vigorous PA
IG 8 10.64(17.80) 9.13(15.20) 0.422 52 54 6.88(13.57) 6.67 (12.70) 0.534 A7
(1,169) (1,114)
CG &8 9.76(23.10) 6.78 (13.48) 63 5.87(18.68) 3.68(8.13)
Total PA
1.989 3.575
IG ™ 49.00(52.11) 73.68 (106.35) (1,145) .16 44 36.87(52.74) 70.80 (124.19) (1,96) .06¢
CG B 56.11(72.67) 55.47 (64.56) 55  35.72(49.60) 32.24 (27.81)
8 C=intervention group, CG=control group.
bp< 01.
°P<.05.
d,05<P<.10.
http://www.jmir.org/2015/2/e38/ JMed Internet Res 2015 | val. 17 | iss. 2 |€38 | p.30

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Compernolleet &

Table 4. Effects on pedometer-based and self-reported PA in both conditions for the total sample and the at-risk sample (<10,000 steps at baseline)

from T1to T22,
Total sample Risk sample
T1 T2 Time x Group Tl T2 Time x Group
n Mean (SD) Mean (SD) F (df) P n Mean (SD) Mean (SD) F (df) P

Pedometer-based PA (steps/day)

IG W 8823.67 9629.90 0.003 96 52 7298.08 8092.41 0.041 .84
(3956.87) (4971.40) (1,167) (2654.68) (4068.30) (1,116)
CG @ 8184.75 8679.54 67 6622.99 7342.06
(3972.33) (4420.83) (2857.11) (3822.00)
Self-reported PA and sitting time (min/day)
Sitting time
IG @ 51431 463.10 0.062 80 37 554.44 488.47 0.299 .59
(156.97) (156.01) (1,140) (131.22) (135.07) (1,91)
CG &8 461.23 413.95 57 499.45 462.09
(196.16) (197.17) (196.35) (202.54)
Walking
IG 51 3542(50.86) 37.87(55.20) 0.039 84 33 29.07 (52.89) 30.97 (56.82) <0.001 100
(1,127) (1,82)
CG M 4342(8954) 47.74(71.75) 52 18.88 (21.59) 39.52 (50.35)
M oder ate PA
IG % 27.28(32.17) 32.61(38.16) 1.089 30 35 22.33(23.71) 32.24(3852) 1.709 .20
(1,131) (1,85)
CG M 16.62(20.24) 37.67(60.26) 53 10.75(11.33) 32.83 (55.47)
Vigorous PA
IG ® 794(1250) 12.29(19.36) 0.779 38 A4 555(10.20) 10.21(1843) 1433 .23
(1,130) (1,84)
CG M 883(17.68) 10.84(18.82) 53 4.03 (8.66) 6.02 (14.28)
Total PA
IG 43 68.84(81.74) 8248(80.06) 0.714 40 28 55.51(80.35) 79.54(86.90) 0.943 34
(1,114) (1,74)
CG 74 63.08(80.74) 92.52(100.54) 49 33.71(28.30) 80.55(96.10)
8 C=intervention group, CG=control group.
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Table 5. Effects on pedometer-based and self-reported PA in both conditions for the total sample and the at-risk sample (<10,000 steps at baseline)

from TOto T22.
Total sample Risk sample
TO T2 Time x Group TO T2 Time x Group
n Mean (SD) Mean (SD) F P n Mean (SD) Mean (SD) F P
Pedometer-based PA (steps/day)
IG & 8418.95 9483.86 4.587 o 59 6443.42 8019.24 5.536 ob
(3843.53) (4875.34) (1,176) (1917.63) (3997.34) (1,124)
CG B 8613.87 8589.15 68 6805.71 7308.22
(3774.78) (4379.61) (2074.47) (3803.62)
Self-reported PA and sitting time (min/day)
Sitting time
IG @ 525.58 467.76 0.010 92 45 559.56 501.78 0.005 .95
(153.76) (168.87) (1,153) (134.90) (152.09) (1,101)
CG 87 463.02 411.26 59 507.71 460.25
(185.45) (197.00) (183.27) (201.61)
Walking
IG 51 28.05(88.35) 35.16(52.49) 1.091 30 38 12.50(23.27) 31.45(56.88) 0.847 .36
(1,127) (1,86)
CG D 27.37(54.01) 47.37(72.60) 51 12.24 (15.65) 37.87 (50.84)
M oder ate PA
IG & 25.38(26.76) 32.37(37.68) 1.233 27 40 18.50(23.94) 30.38(36.23) 1.850 a7
(1,138) (1,90)
CG ™ 30.88(42.50) 38.44(60.04) 53 26.13 (44.55) 33.95 (55.84)
Vigorous PA
1.893 3.053
1G 10.00 (17.20) 13.73(21.58) (1,141) A7 41 5.51 (11.31) 10.98 (20.89) (1,94) og°
CG 8l 11.31(24.30) 10.69 (18.44) 56 6.71(19.73)  6.03(14.02)
Total PA
IG 2 6272(11396) 81.62(78.03) 0.139 71 35 34.18 (47.64) 76.02(80.73) 0.329 a7
(1,120) (1,80)
CG 71 60.55(74.29) 90.59(100.21) 48 39.32(51.21) 79.63(95.13)

8 C=intervention group, CG=control group.
bp< 05.
€.05<P<.10.

Discussion

Principal Findings

The aim of this study was to evaluate the effectiveness of a
Web-based, tailored, pedometer-based PA intervention in adults.
Theresultsreveal ed that the combination of the pedometer, the
information booklet, and the computer-tailored step advice has
the potential to enhance objectively measured daily step counts
in both the total sample and the at-risk sample. Although, the
intervention effects were noticeablein both samples, differences
were much more pronounced in the at-risk sample. Effects on
subjectively measured physical activity were rather limited,
with only one significant intervention effect found for
self-reported time spent walking in the at-risk sample. This
highlights the need for objective measurement.

http://www.jmir.org/2015/2/e38/
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Thefindings of thisstudy add new evidence for the effectiveness
of computer-tailored PA interventions. Previousreviews[12,42]
showed that computer-tailored PA interventions demonstrated
mixed effects. Whereas some studies reported significant
increases in PA [14-18], others did not yield significant
improvements [43-45]. However, it should be noted that all
these interventions formul ated feedback based on self-reported
PA data. Self-reported PA is prone to reporting biases, most
often in the direction of overestimating physical activity [46].
Consequently, people might receive feedback indicating that
they are doing enough PA, whereas in redlity, they are not
meeting the PA guidelines. Therefore, integrating objectively
measured PA in a computer-tailored intervention is of added
value, asit will result in more accurate feedback with a higher
personal relevance. As such, the advice will have a higher
credibility and consequently be more effective in changing
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behavior. To our knowledge, only one other study also used
objective PA measures[27]. In this study, participants received
a personal activity monitor (PAM) combined with tailored PA
advice. However, no significant improvements in PA levels
were found, which is in contrast with our results. A possible
explanation could be that because the attractiveness of the
activity advice in that study was rather low (only 39% of the
users found the advice appealing), it was not encouraging
enough for participants to become more active; whereas, the
acceptability of the step advicewasrated more positively in our
study, with more than 90% of the participants rated the advice
asinteresting, understandable, and credible.

Strengths and Limitations

In the pilot study of De Cocker et al [26], participants were
recruited through general practitioners (GP). This was
considered as a favorable dissemination channel, since GPs
have personal face-to-face contact with their patients, and GPs
are a credible health information source [47]. Unfortunately,
thisrecruitment strategy was not as successful as expected, since
only 6.2% of those approached consented to participate.
Therefore, we used another recruitment strategy, in which
employers and employees of a convenience sample of
white-collar workplaces were invited. Thisrecruitment strategy
appeared to be more effective, given that more than twice as
many people (15%) agreed to participate. This could possibly
be explained by the fact that employers and employees
experienced more socia support than people invited by their
GP, since al employers and empl oyees within a company were
invited to participate. Nonetheless, although the response rate
was higher than in the study by De Cocker et al [26], it should
be noted that still relatively few people enrolled for the
intervention, in comparison with previous computer-tailored
intervention studies [20]. Moreover, the recruitment through
white-collar workplaces resulted in a selection bias with more
highly educated people being involved in the study, which is
in line with the outcomes of previous reviews that indicated
that mainly higher educated people participate in online
interventions [20,48]. This hampers the generalizability of the
study results for those who are not as well educated.

An unexpectedly high attrition rate was observed in the
intervention group as well asin the control group. Almost half
of the intervention group participants (43%) and over onethird
(34%) of the control group participants dropped out at T2, which
isrelatively high in comparison with the attrition rates reported
in recent reviews. In the review of Joseph et a assessing
Internet-based PA interventions, an average attrition rate of
22% was reported [10]. In the meta-analysis of Davies et al
[49], in which the overal effect size of PA interventions
delivered through the Internet was calculated, an average
attrition rate of 20% wasfound. Nevertheless, when considering
only intervention groups, the average attrition rate reported by
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Davieset a was higher, more specifically 23% [49]. Thishigher
percentage of dropoutsin the intervention group isin line with
our results and may be due to the fact that many intervention
websites are not designed for people to be visited more than
once. The main reason to revisit the step advice website is to
see how one’'s PA level has been changed, but it is unlikely that
participants will do this without specific prompts to return to
the website.

Additionally, beyond the computer-tailored module, the website
did not have many interactive features, although many studies
indicated that a high level of interactivity is needed to keep
peopleinterested and engaged with online interventions[31,50].
Due to the higher than expected attrition rate, the absolute
sample size at 3 months post baseline is rather low, especially
concerning the self-reported PA data. Thisresultsin arestricted
statistical power, which could probably explain the lack of
intervention effects at 3 months post baseline on the
self-reported PA data. Moreover, it should be noted that the
intervention group received different components (ie, pedometer,
information booklet, and computer-tailored step advice).
However, our study design does not alow us to determine
whether all components are effective and whether their
combination is necessary. Future studies should separate the
different intervention components, in order to assess their
individual impact. Finally, the relatively short study duration
must be taken into account when interpreting theresults. It may
be that the intervention effects will disappear over time. As
stated in the socio-ecological model, PA is the result of a
complex interaction between individual level factors, and
sociocultural, political, physical, and economic environmental
factors[51]. Therefore, it isplausible that an individual initially
changes their behavior as a result of an intervention but then
relapses to previous unhealthy behavior as a consequence of
the unchanged, obesogenic environment. Hence, multilevel
interventions, where individual components are supported by
environmental intervention components, have gained importance
and should be evaluated.

Conclusions

In conclusion, thisisthefirst study to examinethe effectiveness
of integrating Web-based, computer-tailored, pedometer-based
step advice in a physical activity intervention. The use of
objective measures in providing tailored advice seems
promising, given that this Web-based, computer-tailored,
pedometer-based PA intervention showed significant effectson
both pedometer-based PA and self-reported PA. However, more
efforts should be devoted to recruit and retain participants in
order to improve the public health impact of the intervention.
Furthermore, we would like to encourage future research to
include the assessment of other objective health risk factors (eg,
blood pressure, BMI) in order to evaluate the intervention’s
impact on health.
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Abstract

Background: Phone-based tobacco cessation program effectiveness has been established and randomized controlled trials have
provided some support for Web-based services. Relatively little is known about who selects different trestment modalities and
how they engage with treatmentsin areal-world setting.

Objective: This paper describes the characteristics, Web utilization patterns, and return rates of tobacco users who self-sel ected
into a Web-based (Web-Only) versus integrated phone/Web (Phone/\Web) cessation program.

Methods: We examined the demographics, baseline tobacco use, Web utilization patterns, and return rates of 141,429 adult
tobacco userswho self-selected into a Web-Only or integrated Phone/Web cessation program through 1 of 10 state quitlines from
August 2012 through July 2013. For each state, registrants were only included from the timeframe in which both programs were
offered to all enrollees. Utilization data were limited to site interactions occurring within 6 months after registration.

Results: Most participants selected the Phone/Web program (113,019/141,429, 79.91%). After enrollment in Web services,
Web-Only were more likely to log in compared to Phone/Web (21,832/28,410, 76.85% vs 23,920/56,892, 42.04%; P<.001), but
lesslikely to return after their initial log-in (8766/21,832, 40.15% vs 13,966/23,920, 58.39%; P<.001). In bivariate and multivariable
analyses, those who chose Web-Only were younger, healthier, more highly educated, morelikely to be uninsured or commercially
insured, more likely to be white non-Hispanic and less likely to be black non-Hispanic, lesslikely to be highly nicotine-addi cted,
and morelikely to have started their program enrollment online (all P<.001). Among both program popul ations, participantswere
more likely to return to Web servicesif they were women, older, more highly educated, or were sent nicotine replacement therapy
(NRT) through their quitline (all P<.001). Phone/\Web were also more likely to return if they had completed a coaching call,
identified as white non-Hispanic or “other” race, or were commercially insured (all P<.001). Web-Only were less likely to return
if they started their enrollment online versus via phone. The interactive Tobacco Tracker, Cost Savings Calculator, and Quitting
Plan were the most widely used features overall. Web-Only were more likely than Phone/Web to use most key features (all
P<.001), most notably the 5 Quitting Plan behaviors. Among quitlines that offered NRT to both Phone/Web and Web-Only,
Web-Only were less likely to have received quitline NRT.

Conclusions: This paper addsto our understanding of who selects different cessation treatment modalities and how they engage
with the program in areal-world setting. Web-Only were younger, healthier smokers of higher socioeconomic statuswho interacted
more intensely with servicesin asingle session, but were lesslikely to re-engage or access NRT benefits. Further research should
examine the efficacy of different engagement techniques and services with different subpopulations of tobacco users.

(J Med Internet Res 2015;17(2):e36) doi:10.2196/jmir.3658
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I nternet-based intervention; tobacco cessation; smoking cessation; I nternet; telephone; behavior; eval uation studies; online support
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Introduction Methods
Fifty years after the release of thefirst Surgeon General’sReport  Study Design

on Smoking and Health, tobacco use is still the leading
preventable cause of death in the United States [1]. Although
cigarette usein particular has declined among American adults
in the past 20 years, this shift is driven by a small proportion
of relatively higher-income counties|[ 2], indicating awidespread
need for accessible and affordabl e cessation services. Over the
past 2 decades, state governments throughout the United States
have provided phone-based tobacco cessation services, called
quitlines, to hel p tobacco users quit by providing evidence-based
counseling. These services are offered statewide at no charge
and often include nicotine replacement therapy (NRT). More
recently, quitlines have responded to the af orementioned need
for more easily accessible services by offering Web programs
for use not only alongside traditional phone-based programs,
but also as a stand-aone service without phone-based
counseling. According to North American Quitline Consortium
(NAQC) data [3], 44 state quitlines offered a self-directed
Web-based intervention in 2012 [4], representing a notable
increase from 27 in 2010 [5]. NAQC does not specify whether
these Web services are stand-alone or integrated with standard
quitline phone services, highlighting the need for more research
into the structure of these services.

Tobacco users want to access cessation help viathe Internet for
a number of reasons, including convenience and a desire to
remain anonymous [6]. Users also have reported a desire to
access persondlized, interactive websites, which are less
common than sitessimply containing educational content related
to tobacco cessation [7]. State health departments have an
interest in implementing Web-based services becausethey have
been associated with the lowest cost per quit when compared
to treatment delivered via phone or in person at a health care
clinic or workplace [7]. Web-based services aso have the
potential to combine the wide reach of Internet-based health
promotion with aspects of face-to-face counseling; those
Web-based interventionsthat mirror other counseling modalities
with a tailored, interactive approach have been shown to be
more effective [8,9].

Despite the proliferation of Web-based services and the study
of reasons for use, relatively little is known about who uses
Web-only services, especially when users are given the choice
between different programs. Randomized controlled trials have
provided support for the efficacy of some Web-based cessation
services [10], but more research is needed to understand how
tobacco users select atreatment modality, their demographics,
and how they engage with treatmentsin areal-world setting of
tobacco users seeking help with quitting. The purpose of this
paper isto examine the characteristics, utilization patterns, and
return rates of tobacco users self-selecting into 1 of 2 free state
tobacco cessation programs: stand-alone Web services versus
Web services offered in combination with phone-based
counseling. Thisinformation could inform outreach strategies,
content tailoring, and future research evaluating outcomes for
different program types.

http://www.jmir.org/2015/2/e36/

In this real-world observational study, participants selected 1
of 2 tobacco cessation programs offered through their state
quitlines: (1) an integrated phone/Web program (Phone/\Web)
or (2) a stand-alone Web program (Web-Only). The Western
Ingtitutional Review Board reviewed the study and determined
that it met the requirements for a waiver of consent under 45
CFR 46.116(d) on March 20, 2014.

Participants and Sample Selection

Ten state quitlines that offered both (1) a phone-based 1-call or
multiple-call cessation program integrated with the Web Coach
website (Phone/Web) and (2) astand-alone Web Coach website
program (without coaching calls, Web-Only) for the majority
of the study timeframe were invited and agreed to participate
in the study: Connecticut, Delaware, Florida, Idaho, Indiana,
Kansas, New Mexico, North Carolina, Oklahoma, and Oregon.
English-speaking participants aged 18 years and older who
enrolled in a Phone/Web or Web-Only program through 1 of
the 10 state quitlinesfrom August 2012 through July 2013 were
included in this analysis; for each state, registrants were only
included from the timeframe in which both programs were
offered to all enrollees.

Based on these inclusion criteria, 149,362 registration records
were identified, of which 6698 individuals (4.48%) had 2 or
more program enrollments during the study timeframe. To
represent individuals only once in the analysis groups, the
following steps were taken to remove duplicate registrations:

1 For participants with multiple Phone/Web program
enrollments (4620/149,362, 3.09%), the first enrollment
was retained to include the less biased case.

2. Because each individual who enrolled in Web-Only was
intended to have only 1 Web Coach website account for
life, those participants with multiple Web-Only program
enrollments (623/149,362, 0.42%) were duplicated in error.
In light of this, the enrollment with the greatest number of
log-in days was retained to include the most accurate and
complete data.

3. For participants who enrolled in the Web-Only program
and switched to a Phone/Web program soon after
(1394/149,362, 0.93%), the phone program enrollment was
retained.

4. The most appropriate record could not be determined for
the remaining participants (380/149,362, 0.25%) who had
enrolled in both the Phone/Web and Web-Only programs.
Because this group amounted to a very small percentage
of the final sample, these participants were excluded from
all analyses.

Analysesfocused on the 141,429 unique adult English-speaking
participants who enrolled in an integrated Phone/\Web
(113,019/141,429, 79.91%) or Web-Only (28,410/141,429,
20.09%) program offered by 1 of the 10 participating state
quitlines. All participating states had contracted with Alere
Wellbeing for the services offered through the quitline
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(including phone counseling, mailed materials, and Web-based
services).

Phone/Web and Web-Only Program Descriptions

Enrollment

Quitline participants started their enrollment (“method of entry”)
in the cessation program online, over the phone by calling the
quitling, or via fax referral, a process in which health care
providers fax-referred their patients who were then proactively
called by the quitline. Participants who started enrollment online
could also request a callback to complete their enrollment with
aregistration specialist by phone. During both phone and Web
enrollment procedures, participants were presented with the
program options available to them and then selected their
preferred program.

Participants in both the Phone/Web and Web-Only programs
enrolled in the Web Coach website by providing their email
address and consenting to be contacted via email. Participants
then had to authenticate their account by using the log-in
information provided in the initial email sent to them by the
program.

Phone Program

The phone-based coaching program (Phone/Web) operated by
Alere Wellbeing was offered as a 1-call or multiple-call
program. The 1-call program included an initial assessment and
planning call with Quit Coach staff to identify the participant’'s
strengths and challenges, and to develop a quit plan. The
multiple-call program included all aspects of the 1-call program
plus either 3 or 4 outbound calls from the quitline. Participants
in both phone programs were encouraged to call their quitline
for support as needed. Both phone programs aso included
written educational materials for the participant (Quit Guide),
referralsto community resources (when requested), health plan
information (when appropriate), and access to the Web Coach
website.

Web Coach Website

The Web Coach 2.0 website is the second version of the online
participant application for the tobacco cessation coaching
program operated by Alere Wellbeing (1.0 launched in 2006;
2.0launched July 2011). Itisgrounded in social cognitivetheory
and designed to gui de tobacco users through an evidence-based
process of quitting tobacco. The website was offered as a
stand-alone program (Web-Only) or integrated with the
phone-based coaching program described previously
(Phone/Web) and was tailored to each participant’s tobacco
status and needs (ie, different content was recommended and
enabled based on the participant’s quit status and activities
completed). The Web Coach website also allowed participants
to reach out to Quit Coach staff through phone call requests (for
those in the Phone/Web program) and through chat and email
in both Phone/Web and Web-Only; Quit Coach staff also

http://www.jmir.org/2015/2/e36/

Nash et a

moderated and participated in community forum discussions
on the site. However, thefocus of this paper ison the utilization
of Web-based features and not the counseling options with a
coach.

The Web Coach website home page (Figure 1) included links
to recommended site content for each participant. The 4 key
groups of features included:

1. TheQuitting Plan (Figure 2): aninteractivetool that enabled
participants to build a personalized plan to quit using
tobacco. The Quitting Plan guided participants through
choosing a quit medication, setting a quit date, conquering
urges and cravings to use tobacco, controlling their
environment, and getting social support.

2. Progress Trackers: tools that helped participants who had
not quit record and track their smoking patterns (Tobacco
Tracker) and the potential financial savings of quitting (Cost
Savings Calculator) (Figure 3). Participantswho quit could
use the Urge Tracker to record the strength of their urges
or cravings to use tobacco (Figure 4), and could use the
Cost Savings Calculator to review time quit, money saved,
smoke-free breaths taken, and free time gained by quitting
(Figure5).

3. Interactive Practice Content (Figure 6): the Practices page
introduced the 4 Essential Practices of Quitting, where
participants could access e-lessons, articles, videos, and
worksheets based on the Practices.

4. Community (Figure 7): the Community area was a place
for participantsto connect with one another to discusstheir
successes and challenges with quitting and staying quit;
Quit Coach staff moderated the forums and actively
participated in the discussions.

Web Coach website participants in both programs were sent
the same tailored emails (up to approximately 25 messages) to
remind and encourage them to log in to the site. First-time
participants were sent a reminder email to visit if they had not
logged in to the site within several days of enrolling in the
program; additional reminder emailswere sent if the participant
still had not logged in at later time points. Participants who
logged in but did not return within acertain time period received
a reminder email to visit the site. Participants also received
remindersto set a quit date, complete their quit plan, or update
their tobacco status after their quit date if they had not done so.
When a participant ordered NRT through the Web Coach
website, summary information and linksto useinstructionswere
emailed. Emailsalso provided motivation through encouraging
messages around the quit date, and through congratul atory
emailswhen the participant reduced their tobacco use. Theemail
schedule was designed to anticipate typical withdrawal
symptoms and send encouragement to track urges and work on
coping skills after the participant quit. Finally, regular check-in
emails were sent to encourage participants to stay quit and
follow their stay-quit plan.
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Figure 1. Screenshot of Web Coach website home page.
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Figure 2. Screenshot of Quitting Plan webpage: setting a quit date.
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Figure 3. Screenshot of Progress webpage with Tobacco Tracker and Cost Savings Calculator for participants who reported that they were still using

tobacco.
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Figure 4. Screenshot of Progress webpage with Urge Tracker for participants who reported that they had quit using tobacco.
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Figure 5. Screenshot of Progress webpage with Cost Savings Calculator for participants who reported that they had quit using tobacco. Participants
could select money saved, smoke-free breaths, or time earned.
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Figure 6. Screenshot of Practices webpage.
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Figure 7. Screenshot of Community area.
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State Offerings

All 10 states included in the study offered both a Web-Only
program and an integrated Phone/Web program to all
participants. Eight of 10 states offered the multiple-call program
described previoudly to all adults (dependent on readiness to
quit for some states). In 2 state quitlines, the multiple-call
program was only available to select groups of registrants (eg,
uninsured, Medicaid); other registrants in these quitlines were
eligiblefor the 1-call program. Eight states also offered a 10-call
program to pregnant tobacco users. During the study timeframe,
6 states offered NRT through both their Phone/Web and
Web-Only programs, 2 states offered NRT to Phone/Web
enrollees only, and 2 states did not offer NRT through either
program.

M easures

Demographic characteristics (gender, age, race/ethnicity,
education, health insurance, chronic condition status) and
tobacco use (type, frequency, amount, years of tobacco use,
timeto first use after waking, other users at home and/or work)
data were collected during standard program registration that
iscompliant withthe NAQC Minimal Data Set [11]. Participants
who enrolled online were asked the same questions in a
participant-facing Web enrollment process. Several state
quitlines also collected custom demographic data during
registration (marital status, income, sexua orientation, mental
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health condition status). Data that were not collected for all
states are identified in the table notes.

Every unique participant who enrollsin the Web Coach website
isintended to have accessto the same account for life, regardless
of the number of times the participant re-enrolls in a quitline
program. To avoid a time-lapse bias, website utilization data
for this study were limited to site interactions occurring in the
6 months (up to 185 days) after registration.

Web Coach website activity (interactions and feature use) was
recorded and linked to unique participants automatically through
Google Analytics and the website. Efforts were also made to
record log-ins and the duration of each log-in session; however,
Google Analytics was often blocked by individual users or
employer networks, resulting in missing data in the log-in and
session minutes fields. To circumvent this issue, engagement
was determined by creating a log-in days variable, which
counted 1 log-in day for every distinct date on which the
participant completed a site interaction.

To classify study participants by engagement level, users were
defined as participants who logged in to the Web Coach website
at any timein the 6 monthsfollowing registration. Return users
were defined as anyone who logged in at any time in the 6
months following registration and then returned at a later date
during the same 6-month time period (ie, logged in to the Web
Coach website on at least 2 different days in the 6 months
following registration).
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Statistical Analysis

Chi-sguareand t test anal yses were used to examine differences
in characteristics and Web utilization between Phone/Web and
Web-Only enrollees, as well as differences in return rates
between subpopulations within each program. Bivariate post
hoc analyseswere compl eted as necessary. Multivariablelogistic
regression analyses were used to examine predictors of program
choice and return rates within each program. Models included
predictor variables that were collected by al 10 states, had
limited amounts of missing data, and measured participant
characteristics (age, gender, race/ethnicity, education, insurance
status, chronic condition status), tobacco dependence (time to
first use, cigarettes per day), and method of program entry. A
secondary model for program choice a so included menta health
condition status, which was only asked by 6 states; this
secondary model was examined because mental health condition
statuswas a significant predictor of program choicein bivariate
analyses and data were available from the majority of states.
Both return user models (within Phone/Web and Web-Only)
also included receipt of quitline NRT as a predictor variable;
analyses examining return users within Phone/Web additionally
included phone treatment intensity (1-call vs multiple-call
program) and call completion (0 callsvs=1 calls) as predictors.
Because these behaviors (eg, call completion, NRT selection,
selection of the multiple-call program) occurred after tobacco
users selected the Phone/Web or Web-Only program in some
or al cases, these variables were not included in the program
choice model. State quitline was included as a fixed effect in
every model to account for pre-existing differencesin services
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and tobacco control policieswithin each state. All analyseswere
conducted in SAS V9.3 (SAS Ingtitute, Inc, Cary, NC, USA).

Because of the large sample size, a number of findings were
statistically, but not meaningfully, significant. We used a
Bonferroni adjustment to account for the large number of
dtatistical comparisons. Results are reported as significant where
P<.0001 and the absolute difference in percentage points
between comparison groups rounded to 5 or greater; this
significance threshold was determined post hoc after initial
review of analysisfindings.

Results

Participant Characteristics

Overall, the mgjority of registrantswere female (59.29%), mean
age 44.4 (SD 13.8) years, white non-Hispanic (72.90%),
heterosexual (93.86%), had a high school degree (27.40%) or
higher (47.27%), but an annual household income of less than
US$15,000 (51.45%), were uninsured (42.62%) or commercially
insured (25.47%), and were daily cigarette smokers (94.02%)
at a mean rate of 19 cigarettes per day (SD 11.3) (Table 1).
Nearly one-half (48.32%) used tobacco within 5 minutes of
waking at the time of enrollment, indicating high nicotine
dependence. Approximately one-third (32.62%) reported at least
1 of 4 chronic health conditions (asthma, chronic obstructive
pulmonary disease, coronary artery disease, and/or diabetes)
and nearly one-half (46.59%) reported amental health condition
diagnosis.
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Table 1. Characteristics of total sample and the Phone/Web and Web-Only programs (N=141,4293).

Nash et a

Baseline characteristic or program component Total Phone/Web Web-Only P
N=141,429 n=113,019 n=28,410

Gender, % (n/N) <.001
Female 59.29 (83,833/141,386)  59.03 (66,695/112,981)  60.33 (17,138/28,405)

Mae 40.71 (57,553/141,386)  40.97 (46,286/112,981)  39.67 (11,267/28,405)

Pregnancy status (among females <50 year s of age), % (n/N) <.001
Yes, currently pregnant, planning pregnancy, or 5.64 (2782/49,344) 5.92 (2192/37,003) 4.78 (590/12,341)
breastfeeding
Not pregnant 94.36 (46,562/49,344)  94.08 (34,811/37,003)  95.22 (11,751/12,341)

Age (years) <.001°
Mean (SD) 44.4(13.8) 45.3(14.0) 40.8 (12.8)

Range 18-98 18-98 18-93

Agegroup, % (n/N)
18-24 8.95 (12,663/141,427) 8.57 (9682/113,017) 10.49 (2981/28,410)
25-34 19.42 (27,465/141,427)  17.72 (20,028/113,017)  26.18 (7437/28,410)
35-44 19.34 (27,352/141,427) 1822 (20,589/113,017) 23.80 (6763/28,410)
45-54 27.11(38,336/141,427)  27.99 (31,630/113,017)  23.60 (6706/28,410)
55-64 18.19 (25,722/141,427)  19.60 (22,151/113,017) 12.57 (3571/28,410)
=65 6.99 (9889/141,427) 7.91 (8937/113,017) 3.35 (952/28,410)

Race/ethnicity, % (n/N) <.001°

White, non-Hispanic 72.90(101,492/139,220) 71.10 (79,160/111,340)  80.10 (22,332/27,880)
Black or African American, non-Hispanic 13.20 (18,382/139,220)  14.80(16,476/111,340)  6.84 (1906/27,880)
Hispanic or Latino 7.47 (10,405/139,220)  7.39 (8226/111,340) 7.82 (2179/27,880)

Other 6.42 (8941/139,220) 6.72 (7478/111,340) 5.25 (1463/27,880)

Education, % (n/N) <.001°

< High school degree 17.90 (24,807/138,620)  19.96 (22,087/110,681)  9.74 (2720/27,939)
General education development (GED) 7.43(10,298/138,620)  7.21 (7979/110,681) 8.30 (2319/27,939)
High school degree 27.40 (37,983/138,620)  28.69 (31,749/110,681)  22.31 (6234/27,939)

> High school 47.27 (65,532/138,620)  44.15 (48,866/110,681)  59.65 (16,666/27,939)

Health insurance status, % (n/N) <.001°
Uninsured 42.62 (59,432/139,461)  41.00 (45,688/111,422)  49.02 (13,744/28,039)
Commercid 2547 (35,525/139,461) 22.14 (24,668/111,422)  38.72 (10,857/28,039)

Medicaid 19.25 (26,853/139,461)  22.12 (24,647/111,422)  7.87 (2206/28,039)
Medicare 12.66 (17,651/139,461) 14.74 (16,419/111,422)  4.39 (1232/28,039)

Marital status, ©% (n/N) <.001°
Single 36.13(17,867/49,455)  36.64 (15,823/43,183)  32.59 (2044/6272)

Married or domestic partner 36.04 (17,826/49,455)  34.63 (14,954/43,183)  45.79 (2872/6272)
Divorced, separated, or widowed 27.83 (13,762/49,455) 28.73 (12,406/43,183) 21.62 (1356/6272)

Annual household income (US$), 9 % (n/N) <.001°
<$15,000 51.45 (21,073/40,961) 54.39 (18,614/34,224) 36.50 (2459/6737)
$15,000 to $35,000 31.30 (12,819/40,961) 30.11 (10,304/34,224) 37.33 (2515/6737)
>$35,000 17.26 (7069/40,961) 15.50 (5306/34,224) 26.17 (1763/6737)
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Baseline characteristic or program component Total Phone/Web Web-Only P
N=141,429 n=113,019 n=28,410
Sexual orientation, €% (n/N) A3
Heterosexual 93.86 (99,315/105,814)  93.92 (78,244/83,312)  93.64 (21,071/22,502)
Leshian, gay, bisexual, transgender, or other 6.14 (6499/105,814) 6.08 (5068/83,312) 6.36 (1431/22,502)
Chronic health conditions, % (n/N) <.001°
None 67.38(94,919/140,862)  65.26 (73,611/112,798)  75.93 (21,308/28,064)
>1f 32,62 (45,943/140,862)  34.74 (39,187/112,798)  24.07 (6756/28,064)
Mental health conditions, 9% (n/N) <.001°
None 53.41 (65,466/122,579)  50.58 (49,269/97,404)  64.34 (16,197/25,175)
>1" 46.59 (57,113/122,579)  49.42 (48,135/97,404) 35.66 (8978/25,175)
Tobacco environment (other tobacco users present), €% (n/N) <.001°
Home and/or work 56.99 (67,022/117,612)  56.24 (58,666/104,308) 62.81 (8356/13,304)
Neither home nor work 43.01 (50,590/117,612)  43.76 (45,642/104,308)  37.19 (4948/13,304)
Year s used tobacco, % (n/N) <.001°
<20 years 33.14 (44,268/133,580)  30.66 (32,590/106,284)  42.77 (11,678/27,305)
>20 years 66.86 (89,321/133,589)  69.34 (73,694/106,284)  57.23 (15,627/27,305)
Dependence (timeto first tobacco use after waking), % (n/N) <.001°
Within 5 minutes 48.32 (65,575/135,716)  49.86 (53,927/108,154)  42.26 (11,648/27,562)
26 minutes 51.68 (70,141/135,716)  50.14 (54,227/108,154)  57.74 (15,914/27,562)
Tobacco type, Top (n/N)
Cigarette 96.05 (135,593/141,174) 95.97 (108,237/112,783) 96.35 (27,356/28,391)  <.01
Smokeless tobacco 4.02 (5679/141,174) 3.74 (4215/112,783) 5.16 (1464/28,391) <.001
Cigar 4,57 (6448/141,174) 4,55 (5136/112,783) 4.62 (1312/28,391) 63
Pipe 0.44 (628/141,174) 0.39 (445/112,783) 0.64 (183/28,391) <.001
Other 0.97 (1365/141,174) 0.79 (893/112,783) 1.66 (472/28,391) <.001
Cigarettes per day <.001
Mean (SD) 19.0 (11.3) 19.1(11.6) 18.4 (10.0)
Range 0-100 0-100 0-100
Cigarette frequency, €% (n/N) <.001
Every day 94.02(121,360/129,083) 93.68 (96,225/102,720)  95.34 (25,135/26,363)
Some days 2.36 (3044/129,083) 2.27 (2329/102,720) 2.71 (715/26,363)
Not at all 3.62 (4679/129,083) 4.06 (4166/102,720) 1.95 (513/26,363)
Method of entry into program, % (n/N) <.001°
Fax referral 4,61 (6515/141,429) 5.17 (5842/113,019) 2.37 (673/28,410)
Phone call 82.59 (116,801/141,429) 91.93(103,893/113,019) 45.43 (12,908/28,410)
Web enroll 12.81(18,113/141,429)  2.91 (3284/113,019) 52.20 (14,829/28,410)
Treatment intensity, % (n/N) n/a
Multiple-call 10.67 (15,087/141,429)  13.35(15,087/113,019)  0.00 (0/28,410)
1-cal 67.69 (95,728/141,429)  84.70(95,728/113,019)  0.00 (0/28,410)
Switch from Web to multiple-call phone 1.56 (2204/141,429) 1.95 (2204/113,019) 0.00 (0/28,410)
Web-Only 20.09 (28,410/141,429)  0.00 (0/113,019) 100.00 (28,410/28,410)
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Baseline characteristic or program component Total Phone/Web Web-Only P
N=141,429 n=113,019 n=28,410
Calls completed nd n/a nd
Mean (SD) 16(1.1)
Range 0-10
Number of calls completed, % (n/N)
Ocdlls 10.13 (11,445/113,019)
1call 53.87 (60,878/113,019)
2cdls 19.03 (21,512/113,019)
3cdls 9.41 (10,638/113,019)
4cdls 5.82 (6575/113,019)
>5cals 1.74 (1971/113,019)

@ Responses of “refused,” “don’t know,” and “not collected” were excluded from analyses and resulted in different N’s for each analysis.
b Met meani ngful significance threshold requirements of P<.0001 and absolute difference in percentage points between comparison groups rounded to

5 or greater.

¢ Marital status was assessed at enrollment by 3 states; analysis focused on alimited sample.

4 Annual household income was assessed at enrollment by 5 states; analysis focused on alimited sample.

€ Sexual orientation, tobacco environment, and cigarette frequency were assessed at enrollment by 9 states; analyses focused on alimited sample.
" Endorsed 1 or more of the followi ng chronic health conditions: asthma, diabetes, coronary artery disease, chronic obstructive pulmonary disease.

9 Six states (87.4% of study sample) assessed mental health condition status at enrollment by asking the question, “Do you currently have any mental
health conditions, such as attention deficit hyperactivity disorder (ADHD), bipolar disorder, depression, drug or alcohol use disorder (substance use
disorder; SUD), generalized anxiety disorder, posttraumatic stress disorder (PTSD), schizophrenia?’ Analysis focused on alimited sample.

M Endorsed 1 or more of the mental health conditions assessed.
" Multiple reporting; total may not add up to 100%.
J Coaching calls were not included in the Web-Only program.

Characteristics of Web-Only Versus Phone/Web
Enrollees

Quitline registrants were more likely to select Phone/\Web over
a Web-Only program (113,019/141,429, 79.91% vs
28,410/141,429, 20.09%). Participant characteristics and
differences between those who opted for the Web-Only versus
Phone/Web program are shown in Table 1.

Compared to Phone/Web enrollees, participants who enrolled
in a Web-Only program were younger (mean 40.8, SD 12.8 vs
mean 45.3, SD 14.0 years, P<.001), more likely to be white
non-Hispanic (80.10% vs 71.10%; P<.001) and less likely to
beblack or African American non-Hispanic (6.84% vs 14.80%;
P<.001). Web-Only enrollees were more highly educated
(59.65% vs 44.15% had greater than a high school degree;
P<.001) and reported higher household incomes (36.50% vs
54.39% reported an annual household income of less than
US$15,000; 37.33% vs 30.11% reported US$15,000 to
US$35,000; 26.17% vs 15.50% reported greater than
US$35,000; al P<.001). Participants who opted for the
Web-Only program were more likely to be uninsured (49.02%
vs 41.00%; P<.001) or commercialy insured (38.72% vs
22.14%; P<.001), and less likely to have Medicaid (7.87% vs
22.12%; P<.001) or Medicare coverage (4.39% vs 14.74%;
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P<.001). Web-Only were also more likely to be married or in
adomestic partnership (45.79% vs 34.63%; P<.001), and more
likely to live and/or work with other tobacco users (62.81% vs
56.24%; P<.001). Smaller proportions of Web-Only enrollees
reported having a chronic health condition (24.07% vs 34.74%,
P<.001) or a mental health condition (35.66% vs 49.42%;
P<.001) at enroliment. Web-Only were also less likely to be
highly nicotine-addicted (42.26% vs 49.86% reported using
tobacco within 5 minutes of waking; P<.001) or long-term
tobacco users (57.23% vs 69.34% had used tobacco for =20
years, P<.001). Web-Only werelesslikely to have started their
enrollment for quitline services over the phone (45.43% vs
91.93%; P<.001) and more likely to have started their
enrollment online (52.20% vs 2.91%; P<.001). There were no
meaningful differences in program selection as a function of
gender, pregnancy status, sexual orientation, cigarettes smoked
per day, or frequency of cigarette use at enrollment.

Asshownin Table 2, multivariable logistic regression analyses
confirmed that participants who opted to enroll in Web-Only
were younger, more highly educated, more likely to be white
non-Hispanic and less likely to be black non-Hispanic, more
likely to be uninsured or commercially insured, less likely to
be highly nicotine dependent or have a chronic health condition,
and more likely to have started their enrollment online.
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Table 2. Multivariable model of the relationship of participant characteristics and program choice between Phone/Web versus Web-Only programs.

Baseline characteristic

Chose Web-Only program
AOR (99.99% Cl) P

Age
Gender
Mae
Female
Race/ethnicity
Black or African American, non-Hispanic
White, non-Hispanic
Hispanic or Latino
Other
Education

< High school degree

General education development (GED)
High school degree
> High school
Health insurance status
Medicaid
Commercial
Uninsured
Medicare
Chronic health conditions
>1P
None
Cigarettes per day
Dependence level
Within 5 minutes
26 minutes
Method of entry
Phone call

Web enroll
Fax referral

0.983 (0.981-0.986) <0012

Ref <.0012
1.106 (1.028-1.189)

Ref

1.681 (1.482-1.907) <.0012
1.308 (1.094-1.564)

1.462 (1.216-1.758)

Ref

1.411 (1.202-1.656) <.001?
1.481 (1.314-1.669)

1.792 (1.604-2.003)

Ref

1.594 (1.415-1.794) <.0012
1.380 (1.237-1.541)

0.945 (0.803-1.112)

Ref <.001?
1.234 (1.137-1.340)
0.998 (0.995-1.002) .06

Ref <.0012
1.127 (1.046-1.213)

Ref
26.710 (24.270-29.396) <.0012

1.323 (1.102-1.589)

@Met meaningful significance threshold of P<.0001.

b Endorsed 1 or more of the followi ng chronic health conditions. asthma, diabetes, coronary artery disease, chronic obstructive pulmonary disease.

Multivariable analyses al so indicated that Web-Only enrollees
were more likely to be female, which was significant in bivariate
analyses but did not meet our meaningful significance threshold
requirement of an absolute difference in percentage points
rounding to 5 or greater. A secondary model (not shown) limited
to the 6 states that assessed mental health condition status at
registration confirmed that Web-Only were also more likely to
report not having any mental health condition diagnoses (AOR
1.49, 99.99% CI 1.38-1.61; P<.001).
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Utilization of Web Servicesand Nicotine Replacement
Ther apy Benefit

Table 3 summarizes Web utilization overall and between
program types. Half (50.34%) of Phone/Web and all (100.00%)
Web-Only registrants “enrolled” in Web services by providing
their email address and consenting to be contacted via email.
Among those who consented to this enrollment step, Web-Only
registrants were significantly more likely than Phone/Web to
log in to the Web Coach website (users) in the 6 months
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following their registration (76.85% vs 42.04%; P<.001).
Although Web-Only were more likely to log in at least once,
this group was less likely to return to the site on a later day
(return users) compared to Phone/Web (40.15% vs 58.39%;

Nash et a

P<.001). Among program parti cipants who used the Web Coach
website at least once, Phone/Web participants|ogged in on more
days than Web-Only participants (median 2.0, IQR 1-4 vs
median 1.0, IQR 1-2; P<.001).

Table 3. Web Coach website enrollment rates, log-in days, return rates, and receipt of nicotine replacement therapy (NRT) benefit among total sample

and between Phone/Web versus Web-Only programs.

Utilization metric Total Phone/Web Web-Only P
N=141,429 n=113,019 n=28,410
Enrolled in Web Coach website by providing email  60.31(85,302/141,429) 50.34 (56,892/113,019)  100.00 (28,410/28,410) <0012
address and consenting to contact viaemail (among
all participants), % (n/N)
Logged in to Web Coach website (among enrolled), 53.64 (45,752/85,302)  42.04 (23,920/56,892) 76.85 (21,832/28,410) <0012
% (n/N)
Web Coach website log-in days (among enrolled), % (n/N) <.0012
0 days 46.36 (39,550/85,302)  57.96 (32,972/56,892) 23.15 (6578/28,410)
1day 26.99 (23,020/85,302)  17.50 (9954/56,892) 45.99 (13,066/28,410)
2 days 9.22 (7866/85,302) 7.42 (4220/56,892) 12.83 (3646/28,410)
3days 4.55 (3877/85,302) 4.12 (2346/56,892) 5.39 (1531/28,410)
4 days 2.68 (2287/85,302) 2.56 (1455/56,892) 2.93 (832/28,410)
>5 days 10.20 (8702/85,302)  10.45 (5945/56,892) 9.70 (2757/28,410)
Returned to Web Coach website after initial log-in ~ 49.69 (22,732/45,752)  58.39 (13,966/23,920) 40.15 (8766/21,832) <0012
day (among logged in), % (n/N)
Web Coach website log-in days (among logged in), 1.0 (1-3) 2.0(1-9) 1.0(1-2) <0012
Median (IQR)
NRT benefit shipped, ® % (n/N) <.0012
Sent NRT 68.04(96,229/141,429) 73.58 (83,159/113,019) 46.00 (13,070/28,410)
Not sent NRT 31.96(45,200/141,429) 26.42 (29,860/113,019)  54.00 (15,340/28,410)
NRT benefit shipped € (among states offering NRT through Phone/Web and Web-Only), % (n/N) <.0012
Sent NRT 75.56 (84,530/111,875) 83.11 (71,460/85,987) 50.49 (13,070/25,888)
Not sent NRT 24.44(27,345/111,875) 16.89 (14,527/85,987) 49,51 (12,818/25,888)

@Met meaningful significance threshold requirements of P<.0001 and absol ute difference in percentage points between comparison groups rounded to

5 or greater.

b Anal ysisincluded total sample, regardless of whether or not states offered an NRT benefit through their Phone/Web and/or Web-Only programs.
€ Analysis focused on the 6 states that offered an NRT benefit through both their Phone/Web and Web-Only programs.

Six states offered an NRT benefit through both their Phone/Web
and Web-Only programs. In these states, Web-Only enrollees
were significantly less likely to have received NRT from their
quitline (50.49% vs 83.11%; P<.001). Among al 10 states
(regardless of whether NRT was offered through either
program), 46.00% of Web-Only versus 73.58% of Phone/Web
were sent quitline NRT.

Return Users: SubpopulationsMore Likely to Return
to Web Services

Table 4 showsthe percentages of different subpopulationswithin
Phone/Web and Web-Only logging in to the Web Coach website
on 2 or more days (ie, return users). Among both Phone/\Web
and Web-Only, participants who were female, more highly
educated, had used tobacco for 20 years or longer, were sent
NRT through their quitline, or had Medicare coverage were
more likely to return to the site after their initial log-in day
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(Table 4). Older participants were also more likely to return
among both Phone/Web (age of return users. mean 43.0, SD
13.0 vs age of nonreturn users. mean 40.5, SD 12.8; P<.001)
and Web-Only (mean 41.9, SD 12.7 vs mean 39.8, SD 12.5;
P<.001). Phone/Web participantswere also morelikely to return
if they had reported a higher household income or identified as
white non-Hispanic or “other” race at registration; these
differences in return users as a function of income and
race/ethnicity were not observed in the Web-Only population.
Trendsin return users al so differed between program groups as
a function of smoking frequency reported at enrollment.
Phone/Web enrolleeswho smoked cigarettes every day or some
days at enrollment were more likely to return than those who
reported smoking not at all. The opposite was found for the
Web-Only population: enrollees who initially reported not
smoking at all were more likely to return than Web-Only
enrolleeswho smoked daily or only some days. For Phone/Web,
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participants who compl eted more coaching callswere also more
likely to return to the Web Coach website. There were no
meaningful differences in return rates that met our threshold
for significance for either program group as a function of
pregnancy status, marital status, chronic health or mental health
condition status, tobacco environment, or nicotine dependence
at enrollment.

Multivariable analyses confirmed that Phone/Web and
Web-Only participants who were older, female, more highly
educated, and received NRT from their quitlinewere morelikely
to return to the Web Coach website (Table 5). Patterns of return
asafunction of race/ethnicity were a so confirmed: Phone/\Web

http://www.jmir.org/2015/2/e36/
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participantswere morelikely to return if they identified aswhite
non-Hispanic or “other” race, whereas no difference was
observed among Web-Only. Phone/Web were also significantly
morelikely to returnif they were commercially insured and had
completed at least 1 call with Quit Coach staff. Among
Web-Only, differencesin return rates between insurance groups
did not meet our significance threshold. Web-Only were less
likely to returnif they started their enrollment online rather than
over the phone; there were no differences in return rates by
method of program entry for Phone/Web. As in bivariate
analyses, there were no differencesin return rates within either
program as a function of chronic condition status or nicotine
dependence.
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Table 4. Subpopulationsin the Phone/Web and Web-Only programs more likely to return to the Web Coach website after an initial log-in day.?

Baseline characteristic or program component Phone/Web Web-Only
% (# Returned/subgroupn) P % (# Returned/subgroupn) P
Overdl 58.39 (13,966/23,920) 40.15 (8766/21,832)
Gender <.001° <.001°
Female 60.26 (8760/14,537) 42.30 (5591/13,216)
Male 55.48 (5202/9376) 36.86 (3174/8612)
Pregnancy status (among females <50 year s of age) <.001 81
Yes, currently pregnant, planning pregnancy, or  51.03 (273/535) 40.09 (170/424)
breastfeeding
Not pregnant 58.39 (5391/9232) 40.68 (3755/9230)
Race/ethnicity <.001° .26
White, non-Hispanic 60.59 (10,369/17,114) 4054 (7010/17,290)
Black or African American, non-Hispanic 51.86 (1435/2767) 39.33 (542/1378)
Hispanic or Latino 50.74 (1307/2576) 40.10 (719/1793)
Other 59.87 (719/1201) 37.61 (378/1005)
Education <.001° <.001°
< High school degree 52.78 (1217/2306) 31.94 (611/1913)
General education development (GED) 56.09 (810/1444) 33.08 (573/1732)
High school degree 56.14 (3188/5679) 37.98 (1767/4653)
> High school 60.61 (8566/14,132) 4320 (5709/13,215)
Health insurance status <.001° <.001°
Uninsured 57.09 (5767/10,102) 37.74 (3999/10,597)
Commercial 60.24 (4377/7266) 4252 (3630/8538)
Medicaid 54.85 (2165/3947) 38.36 (600/1564)
Medicare 64.86 (1460/2251) 4854 (417/859)
Marital status® .04 <01
Single 69.17 (821/1187) 32.08 (385/1200)
Married or domestic partner 72.45 (1270/1753) 36.92 (687/1861)
Divorced, separated, or widowed 73.76 (711/964) 3248 (266/819)
Annual household income (US$) @ <.001” 22
<$15,000 60.03 (952/1586) 36.76 (569/1548)
$15,000 to $35,000 65.62 (1002/1527) 39,52 (677/1713)
>$35,000 68.40 (844/1234) 39.20 (490/1250)
Sexual orientation © <.01 41
Heterosexual 56.96 (11,129/19,537) 40.89 (6885/16,836)
Leshian, gay, bisexual, transexual, or other 61.15 (1012/1655) 42.12 (497/1180)
Chronic health conditions <.001 .09
None 57.69 (9999/17,333) 30.01 (6596/16,526)
>1f 60.41 (3942/6525) 41.25 (2078/5037)
Mental health conditions 9 .08 21
None 57.57 (6340/11,013) 39.57 (5024/12,698)
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Baseline characteristic or program component Phone/Web Web-Only
% (# Returned/subgroupn) P % (# Returned/subgroup n) P

>1" 58.78 (5420/9221) 40.50 (2731/6744)

Tobacco environment (other tobacco users present) € <.001 <.01
Home and/or work 58.41 (7074/12,111) 40.25 (2425/6025)
Neither home nor work 60.86 (5240/8610) 43.54 (1558/3578)

Year s used tobacco <.001” <.001°
<20 years 53.92 (4637/8600) 36.44 (3280/9002)
220 years 61.40 (8433/13,735) 4241 (5063/11,938)

Dependence (timeto first tobacco use after waking) <.001 <.001
Within 5 minutes 57.57 (5972/10,373) 38.58 (3406/8828)
=6 minutes 59.87 (7611/12,712) 40.86 (5053/12,367)

Cigarette frequency © <.001° <.001P
Every day 58.95 (12,071/20,478) 30.69 (7662/19,307)
Some days 58.31 (256/439) 37.96 (205/540)
Not at all 45.36 (308/679) 50.14 (184/367)

Method of entry into program <.001° <.001
Fax referral 55.09 (379/688) 37.98 (109/287)
Phone call 59.45 (12,685/21,337) 41.80 (3989/9543)
Web enroll 47.60 (902/1895) 38.89 (4668/12,002)

Phone program intensity <001° d n/d n/a
1-call 48.34 (842/1742)
Multiple-call 59.18 (13,124/22,178)

Call completion <001° d nd n/d
Ocals 16.39 (362/2208)
1cal 55.99 (6989/12,482)
2cals 66.91 (3171/4739)
3cdls 74.51 (1815/2436)
4cals 78.68 (1336/1698)
>5calls 82.07 (293/357)

NRT benefit shipped ! <.001° <.001?
Sent NRT 63.24 (11,988/18,957) 48.63 (6325/13,006)
Not sent NRT 39.85 (1978/4963) 27.66 (2441/8826)

NRT benefit shipped K (among statesoffering NRT

through Phone/Web and Web-Only) <.001° <.001°
Sent NRT 62.20 (10,523/16,917) 48.63 (6325/13,006)
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Baseline characteristic or program component Phone/Web Web-Only
% (# Returned/subgroupn) P % (# Returned/subgroup n) P
Not sent NRT 27.76 (855/3080) 26.16 (1907/7289)

@ Analyses focused on those who logged in to the Web Coach website at least once. Responses of “refused,” “don’t know,” and “not collected” were
excluded from analyses and resulted in different N's for each analysis.

b Met meani ngful significance threshold requirements of P<.0001 and absolute difference in percentage points between comparison groups rounded to
5 or greater.

¢ Marital status was assessed at enrollment by 3 states; analysis focused on alimited sample.

d Annual household income was assessed at enrollment by 5 states; analysis focused on alimited sample.

€ Sexual orientation, tobacco environment, and cigarette frequency were assessed at enrollment by 9 states; analyses focused on alimited sample.
" Endorsed =1 of the followi ng chronic health conditions. asthma, diabetes, coronary artery disease, chronic obstructive pulmonary disease.

9 Six states (87.4% of study sample) assessed mental health condition status at registration by asking the question, “Do you currently have any mental
health conditions, such as attention deficit hyperactivity disorder (ADHD), bipolar disorder, depression, drug or alcohol use disorder (substance use
disorder; SUD), generalized anxiety disorder, PTSD, schizophrenia?’ Analysis focused on alimited sample.

M Endorsed >1 of the mental health conditions assessed.

" Coachi ng calls were not included in the Web-Only program.

i Analysisincluded total sample, regardless of whether or not states offered an NRT benefit through their Phone/Web and/or Web-Only programs.
K Andl ysis focused on the 6 states that offered an NRT benefit through both their Phone/Web and Web-Only programs.
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Table5. Multivariable models of the relationship of participant characteristics and likelihood of returning to the Web Coach website within Phone/Web

and Web-Only programs.2

Baseline characteristic or program component Phone/Web return users Web-Only return users
AOR (99.99% CI) P AOR (99.99% ClI) P
Age 1.011 (1.006-1.016) <.001° 1.013 (1.008-1.018) <.001P
Gender
Male Ref <.001° Ref <.001°
Female 1.216 (1.078-1.373) 1.252 (1.105-1.419)
Race/ethnicity
Black or African American, non-Hispanic Ref Ref
White, non-Hispanic 1.410 (1.176-1.690) <.001° 0.947 (0.738-1.216) 50
Hispanic or Latino 1.151 (0.902-1.469) 1.001 (0.728-1.377)
Other 1.464 (1.071-2.002) 0.891 (0.616-1.289)
Education
< High school degree Ref Ref
General education development (GED) 1.132 (0.847-1.513) <.001° 1.055 (0.783-1.422) <.001°
High school degree 1.063 (0.857-1.318) 1.206 (0.945-1.539)
> High school 1.277 (1.046-1.557) 1,501 (1.202-1.874)
Health insurance status
Medicaid Ref Ref
Commercial 1.245 (1.034-1.499) <.001° 1.183 (0.914-1.531) <.001?
Uninsured 1.109 (0.936-1.314) 1.009 (0.785-1.296)
Medicare 1.167 (0.910-1.496) 1.192 (0.814-1.746)
Chronic health conditions
21° Ref 50 Ref 67
None 1.024 (0.896-1.170) 0.985 (0.854-1.136)
Cigarettes per day 0.999 (0.993-1.005) 36 0.995 (0.988-1.001) .002
Dependence level
Within 5 minutes Ref .001 Ref .33
=6 minutes 1.106 (0.979-1.249) 1.033 (0.909-1.173)
Method of entry into program
Phone call Ref Ref
Web enroll 0.919 (0.734-1.151) 33 0.804 (0.702-0.920) <.001P
Fax referral 0.959 (0.664-1.386) 0.862 (0.496-1.499)
NRT benefit shipped ¢
Not sent NRT Ref <.001° Ref <.001°
Sent NRT 1.828 (1.490-2.242) 3.091 (2.692-3.550)
Phone program intensity
1-call Ref <.001 n/at n/a®
Multiple-call 1.375 (1.000-1.893)
Call completion
Ocals Ref <.001° n/a® n/a®
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Baseline characteristic or program component Phone/Web return users Web-Only return users
AOR (99.99% CI) P AOR (99.99% CI) P

21 cal 4.599 (3.360-6.296)

@ Analyses focused on those who logged in to the Web Coach website at least once.

b Met meaningful significance threshold of P<.0001.

€ Endorsed >1 of the following chronic health conditions: asthma, diabetes, coronary artery disease, chronic obstructive pulmonary disease.
4 Andl ysisincluded total sample, regardless of whether or not states offered an NRT benefit through their Phone/Web and/or Web-Only programs.

€ Coaching calls were not included in the Web-Only program.

Web Coach Website Feature Use

Figure 8 and Table 6 show the percentages of Web Coach
website users (logged in on 1 or more days) who used key site
featuresat least oncein the 6 monthsfollowing their enrollment
in a program. Table 6 shows all percentages and P values,
whereas Figure 8 isincluded to facilitate synthesis of findings.
Features used by the largest percentages of participants overall
included the Tobacco Tracker (65.33% of al Web Coach
website users) and the Cost Savings Calculator (60.64%).
Participants al so completed Quitting Plan behaviors at relatively
high rates; 41.91% of all users completed at least 1 behavior:
Choose a Medication (38.68%), Set a Quit Date (28.93%),
Conquer My Urges (28.54%), Control My Environment
(25.75%), and Get Social Support (19.22%). Although 27.92%
of users visited the page introducing the 4 Essential Practices
of Quitting, less than half of those individuals viewed any of
the Practices content in an e-lesson (13.31%), article (9.13%),
or video (4.03%). Use of the Community featureswas also low,
with 10.87% of all Web Coach website users visiting the
Community area, 10.44% creating a Community account, 6.48%
reading adiscussion thread, and 1.99% posting in a Community

http://www.jmir.org/2015/2/e36/

discussion. Small proportions of usersreached out to Quit Coach
staff: 5.02% of al Phone/Web and Web-Only participants
clicked to chat with acoach, and 4.85% clicked to send an email.
Phone/Web participants could also request acall from acoach;
4.04% of Phone/Web used this feature.

With regard to differences in feature use between Phone/Web
and Web-Only, Web-Only participants were less likely than
Phone/Web to use both the Tobacco Tracker (56.87% vs
73.06%; P<.001) and Cost Savings Calculator (58.37% vs
62.72%; P<.001; only approached threshold for meaningful
significance), but they were more likely to use al other key
features, including completing the 5 Quitting Plan behaviors:
Choose aMedication (68.05% vs 11.87%; P<.001), Set a Quit
Date (56.17% vs 4.06%; P<.001), Conquer My Urges (48.22%
vs 10.58%; P<.001), Control My Environment (43.75% vs
9.33%; P<.001), and Get Social Support (32.47% vs 7.12%;
P<.001) (Figure 8 and Table 6). Web-Only participants were
also dightly more likely to use the Urge Tracker (10.72% vs
6.42%; P<.001; only approached threshold for meaningful
significance), which was available only when a participant had
a self-reported status of “I'm Quit.”
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Total users, n (%)

Phone/Web users, n (%) Web-Only users, n (%)

Website feature (N=45,752 P (n=23,920 ©) (n=21,8329) P
Quitting plan behaviors
Completed any Quit Plan behavior 19,176 (41.91) 3475 (14.53) 15,701 (71.92) <.001¢
Choose aMedication 17,696 (38.68) 2840 (11.87) 14,856 (68.05) <.001°
Set aQuit Date 13,236 (28.93) 972 (4.06) 12,264 (56.17) <.001¢
Conguer My Urges 13,058 (28.54) 2531 (10.58) 10,527 (48.22) <.001¢
Control My Environment 11,782 (25.75) 2231 (9.33) 9551 (43.75) <.001°¢
Get Socia Support 8793 (19.22) 1704 (7.12) 7089 (32.47) <.001¢
Progresstrackers
Tobacco Tracker (not quit) 29,892 (65.33) 17,477 (73.06) 12,415 (56.87) <.001¢
Cost Savings Calculator 27,745 (60.64) 15,002 (62.72) 12,743 (58.37) <.001
Urge Tracker (quit) 3877 (8.47) 1536 (6.42) 2341 (10.72) <.001
I nteractive practice content
Viewed Practices page 12,775 (27.92) 3984 (16.66) 8791 (40.27) <.001¢
Viewed an e-lesson 6090 (13.31) 1715 (7.17) 4375 (20.04) <.001¢
Viewed an article 4176 (9.13) 1266 (5.29) 2910 (13.33) <.001¢
Viewed avideo 1845 (4.03) 691 (2.89) 1154 (5.29) <.001
Community
Visited Community area 4975 (10.87) 2074 (8.67) 2901 (13.29) <.001¢
Created Community account 4776 (10.44) 1904 (7.96) 2872 (13.16) <.001°¢
Read a discussion thread 2966 (6.48) 1277 (5.34) 1689 (7.74) <.001
Posted in Community 912 (1.99) 407 (1.70) 505 (2.31) <.001
Reaching out to Quit Coach staff
Clicked to chat with a Coach 2297 (5.02) 586 (2.45) 1711 (7.84) <.001¢
Clicked to email with a Coach 2220 (4.85) 375 (157) 1845 (8.45) <.001¢
Clicked to call a Coach (Phone/Web only) n/a® 967 (4.04) n/a® n/a®

@ Analyses limited to those who logged in to the Web Coach website at least once.
b Denominator applies to entire column.

¢ Met meaningful significance threshold requirements of P<.0001 and absolute difference in percentage points between comparison groups rounded to
5 or greater.

9 The Choose aMedication behavior was available to all Web Coach website users to guide their medication selection and dosing, regardless of whether
the participant’s state quitline offered cessation medication. In addition, Web-Only participants who completed the activity but had a medical use
exclusion contraindicating NRT use were not sent NRT; Phone/Web partici pants with ause exclusion could receive NRT from the quitline with physician
approval.

€ Coaching calls were not included in the Web-Only program.

http://www.jmir.org/2015/2/e36/ JMed Internet Res 2015 | val. 17 | iss. 2 [e36 | p.57

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Nash et a

Figure 8. Participants using key Web Coach website features among total users and between Phone/Web versus Web-Only users.
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Discussion

Principal Results and Comparison With Prior Work

This examination of tobacco users' enrollment in and use of
Phone/Web and Web-Only tobacco cessation programsthrough
1 of 10 state quitlines describes program selection in a large,
real-world sample, and is also the first examination of return
users from Web-based versus integrated Phone/Web programs
and among subpopulations within these programs. Four-fifths
of the 141,429 tobacco users in the study selected cessation
support through the integrated Phone/Web program. Method
of entry was the strongest predictor of program selection (92%
of those who started their enrollment by phone selected
Phone/Web; 52% of those who started enrollment online
selected Web-Only), which may indicate that the phone program
is highlighted more during phone registration, in quitline
advertisements, and/or through word of mouth. Itisaso possible
that participantstend to contact the program using the modality
in which they would prefer to receive services.

Those who chose to enrall in the Web-Only program were
younger, healthier (in terms of chronic health condition and
mental health condition status), more highly educated, lesslikely
to have insurance through Medicaid or Medicare, more likely
to be white non-Hispanic and less likely to be black
non-Hispanic, and less likely to be highly nicotine-addicted.
This profile of smokers may be more tech savvy and not as
interested in the more intensive support available via phone.
These findings and previous research indicate that Web-Only
is an attractive option for the harder-to-reach population of
younger smokers [7,9] and those without symptoms of
depression [9]. In addition to differences in education and
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RenderX

insurance status, among 4 states that assessed income, Web-Only
enrollees had higher annual household incomes, which may
relate to socioeconomic disparities in Internet access or
experience using computers. If Web-based services proveto be
effective for tobacco users of higher socioeconomic status, this
may present an avenue for conserving tobacco control funds to
provide the higher-cost phone programs|[7,12] for smokerswho
aremore highly addicted and socioeconomically disadvantaged.

Phone/Web and Web-Only enrollees engaged with Web services
differently. After initial enrollment in the Web Coach website,
more Web-Only participants actually logged in to the program,
as would be expected by their program selection. However,
Phone/Web participants who used the site were more likely to
return after their initial log-in. Despite being lesslikely toreturn
to the site, Web-Only participants were more likely than
Phone/Web to use most key features, most notably completing
the 5 Quitting Plan behaviors. These findings suggest that
Web-Only participantstended to use the sitefor asingle, intense
session of quit plan development and site exploration, but
typicaly did not return. Phone/Web participants, on the other
hand, who already demonstrated their desire for support and
program contact by choosing a program with phoneinteraction,
used the Web Coach website planning features at much lower
rates (likely because they had already completed planning with
Quit Coach staff over the phone), but were morelikely toreturn
to the site for additional program contact. Phone/Web
participants may have returned to the site because they were
encouraged to do so during their ongoing coaching calls (call
completion was correl ated with return visitsto the site), although
participants may have completed more calls and returned to the
site simply because they were more engaged overall. These
motivations and usage profiles should be considered as program
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designers decide how to present and highlight Web-based
cessation content to ensure participants find the most important
and relevant content during their visit.

Within both the Phone/Web and Web-Only populations,
participantswere morelikely to return to the Web Coach website
after their initial log-in day if they were women, older, or more
highly educated, which is in-line with the previous research
[13]. Those who were sent NRT through their quitline (for both
programs) and those who had commercial health insurance
(among the Phone/Web program) were also more likely to
return. Given findings that services are most successful [14,15]
and cost-effective when utilized at higher rates [12], effective
strategies for re-engaging participants across the board, or
particularly for less engaged groups, are needed.

The interactive Tobacco Tracker, Cost Savings Calculator, and
Quitting Plan behaviors were the most widely used features
among all registrants; previous research has suggested that use
of interactive Web components is associated with higher quit
rates, particularly in nondepressed populations[9,14]. Program
designers should continue to focus on interactive features as
opposed to static informational sites. Designers should also
consider how best to encourage use of key features. Among
quitlines that offered NRT to both Phone/Web and Web-Only
participants, Web-Only were less likely to have received NRT
from their quitline program. It is unclear why Web-Only
participants were less likely to take advantage of the NRT
benefit through their quitline, but it may betheresult of different
program processes. Although a Phone/Web participant is
typically guided through the process of creating a quit plan
(including selection and dosing for a cessation medication) by
Quit Coach staff, the Web-Only program is designed to be more
self-guided; participants are required to authenticate their
account, log in, and then complete the Choose a Medication
behavior on their own to access NRT. In addition, Phone/Web
participantswith amedical use exclusion contraindicating NRT
use are mailed an override letter that their physician can fax to
the quitline to approve NRT for the participant; this override
process has not been an option for Web-Only participants with
a use exclusion. Because use of Food and Drug
Administration-approved cessation medications is associated
with greater odds of achieving abstinence [16], Web programs
should employ strategies to promote awareness of medication
options and prioritize access to cessation medication benefits.

Limitations and Future Directions

A strength of this study is that analyses were conducted with a
large census sample of tobacco users from different regions of
the country who registered in 10 state tobacco quitlines.
However, the large sample sizeresulted in numerous statistically
significant results that may not reflect meaningful differences;
the authors used a Bonferroni adjustment to account for the
large number of statistical comparisons and selected acriterion
level to provide a consistent benchmark for identifying
meaningful differences. We believe a 5 percentage point
differenceis areasonable threshold; however, others may view
smaller or larger differences to be meaningful.

Several other limitations should be noted. First, all participants
self-selected their program of choice, but we do not know what
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factors influenced participants selections nor how aware
tobacco users were of the services available to them in each
program. In particular, we cannot know how carefully those
who enrolled online read the program option descriptions.
Second, not all 10 states offered identical servicesto all tobacco
users (eg, the multiple-call program was not available to
subgroups of registrantsin 2 states); future work should examine
the impact of different service offerings on program choice.
Third, data were not available from Web-Only participants on
motivation, confidence, readiness to quit, or previous quit
attempts. These data would better inform whether individuals
less ready or who might feel they needed less support with
quitting selected the Web-Only service. It is important to note
that the demographic differences found between participants
who chose Web-Only versus Phone/\WWeb may be due in part or
entirely to differencesin 1 or more of these variablesfor which
data were not available. Fourth, we focused on the number of
distinct log-in days as our metric of engagement and were not
able to examine the specific number of log-ins or minutes on
the site. Log-in days provides amore consistent estimate of use
given potential variations in time before automatic logouts;
however, log-ins and minutes could have provided additional
context regarding typical program use. Fifth, we did not examine
utilization of other resources, Web-Only users or other
subgroups less likely to return to the Web Coach website may
also be more likely to use other additional sources of support
(eg, multiple online programs). Future research could examine
this hypothesis and determine whether encouraging sustained
engagement in a single evidence-based program produces the
best outcomes. Sixth, there was not a mobile
accessible/compatible version of the Web Coach website at the
time of this study. Future research should examine whether
mobile accessible websites change how participants engage
with Web-based programs, especially in terms of differences
in use between various levels of socioeconomic status.
Moreover, because Web features can change, feature use could
be impacted by changes in site design, which can affect the
replicability of these findings and comparisons across
Web-based programs.

This paper was not about outcomes; although the effectiveness
of phone-based cessation programs has been established [17]
and randomized controlled trials have provided support for
Web-based cessation services [10], data were not available to
evaluate the effectiveness of the Phone/Web and Web-Only
programs for participants in this study, and the Centers for
Disease Control and Prevention has not yet deemed Web-based
services as having a sufficient evidence base in their 2014 Best
Practice Guidelines [18]. More research is needed to better
understand the effectiveness of Web-Only cessation services
for populationswho select into that service, and reasonstobacco
users select Web-Only over integrated Phone/\Web.

Conclusions

Understanding who is selecting different tobacco cessation
program modalities and how they engage with the program in
a real-world setting will help the scientific and treatment
community to better understand program outcomes and can
inform engagement and re-engagement strategies. Our findings
suggest that a Web-based program attracts younger, healthier
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smokers of higher socioeconomic status who interact more them. Further research is needed to examine the efficacy of
intensely with servicesinasingle session, but arealsolesslikely  different engagement techniques and services with different
to re-engage or access the important NRT benefits availableto  subpopulations of tobacco users.
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Abstract

Background: Among Arab citizens in Isragl, cigarette and nargila (hookah, waterpipe) smoking is a serious public health
problem, particularly among the young adult population. With the dramatic increase of Internet and computer use among Arab
college and university students, a Web-based program may provide an easy, accessible tool to reduce smoking rates without
heavy resource demands required by traditional methods.

Objective: The purpose of this research was to examine the acceptability and feasibility of a pilot Web-based program that
provides tailored feedback to increase smoking knowledge and reduce cigarette and nargila smoking behaviors among Arab
college/university studentsin Israel.

Methods: A pilot Web-based program was devel oped, consisting of a self-administered questionnaire and feedback system on
cigarette and nargila smoking. Arab university students were recruited to participate in a mixed-methods study, using both
guantitative (pre-/posttest study design) and qualitative tools. A posttest was implemented at 1 month following participation in
the intervention to assess any changes in smoking knowledge and behaviors. Focus group sessions were implemented to assess
acceptability and preferences related to the Web-based program.

Results: A total of 225 participants—response rate of 63.2% (225/356)—compl eted the intervention at baseline and at 1-month
poststudy, and were used for the comparative analysis. Statistically significant reductions in nargila smoking among participants
(P=.001) were found. The intervention did not result in reductionsin cigarette smoking. However, the tailored Web intervention
resulted in statistically significant increases in the intention to quit smoking (P=.021). No statistically significant increases in
knowledge were seen at 1-month poststudy. Participants expressed high satisfaction with the intervention and 93.8% (211/225)
of those who completed the intervention at both time intervals reported that they would recommend the program to their friends,
indicating excellent acceptability and feasibility of the intervention. This was further emphasized in the focus group ons.

Conclusions: A tailored Web-based program may be a promising tool to reduce nargilasmoking among Arab university students
in Israel. Thetailored Web intervention was not successful at significantly reducing cigarette smoking or increasing knowledge.
However, the intervention did increase participants’ intention to quit smoking. Participants considered the Web-based tool to be
an interesting, feasible, and highly acceptable strategy.

Trial Registration: Tria Registration: ISRCTN registry |SRCTN59207794; http://www.isrctn.com/I SRCTN59207794 (Archived
by WebCite at http://www.webcitation.org/6VkY OBNOJ).
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Introduction

It iswidely known that smoking is the most preventable cause
of morbidity and mortality worldwide [1]. Cigarette smoking
isaserious public health problem in Isragl, particularly among
the male Arab population. Data from the Israeli Ministry of
Health (2012) indicates that over 52% of Arab males smoke
cigarettes[2]. In addition to cigarette smoking, nargilasmoking
isaphenomenon that hasincreased significantly over theyears
among the Arab population in Israel. A survey conducted by
the Rikaz Database (2010) using a representative sample
revealed that 60.5% of Arabsin Israel have tried using nargila
at least once, and about 20% use nargila regularly, daily, or
onceaweek [3]. When examining nargilasmoking with respect
to age, it is evident that the largest percentage (60.5%) of
smokers are 18 to 34 year olds, the age of most
college/university students. Females make up a sizable
percentage (about 19.6%) of nargilasmokers, in comparison to
their low representation among cigarette smokers[3]. Multiple
studies have shown nargila smoking to be equally dangerous
to one's health as cigarette smoking, linking it with lung disease,
cancer of the lung, mouth, and cheek, cardiovascular disease,
hypertension, and chronic respiratory disease [4-6].

Well-designed smoking prevention and cessation programs can
substantially contribute to global public health. Interventions
that can reduce tobacco use, offer global reach, and do soin a
cost-effective manner have atremendous opportunity to reduce
the future burden of disease. Severa studies have evaluated the
effectiveness, feasibility, and acceptability of using computer-
and Web-based health interventionsto reduce smoking behavior
[7-12]. A recent Cochrane review of 28 randomized and
quasi-randomized trials on Internet-based interventions for
smoking cessation concluded that I nternet-based interventions
were promising and effective at assisting smoking cessation
[13]. The most promising interventions were ones that were
tallored to the individuals. Computer-tailored health
interventions can be defined as the adaptation of health
education materials to one specific person through a largely
computerized process|12]. Computer-tailored health programs
provide respondents with personalized feedback about their
present health behavior and/or behavioral determinants, based
on responses reported in a questionnaire. Computer-tailored
health interventions may offer a mix of highly professional
expertise, typical of individual professional attention (tailored
messages), while maintaining the cost-effectiveness of mass
communication [14]. Compared with nontailored messages,
tailored health messages are more likely to be read and
remembered, saved and discussed with others, perceived as
interesting and personally relevant, and designed especially for
the recipient [15,16].

To date, thereare no studiesin theliterature that have devel oped,
or examined the acceptability and feasibility of, computer-based
programs providing tailored health educational feedback among

http://www.jmir.org/2015/2/e39/

Arabsin Isragl. Particularly among the Arab minority in Israel,
cigarette and nargila smoking are a serious public health
problem. With the dramatic increase of computer and Internet
access and use among Arab university students, specifically,
and educated Arabs in general, a Web-based program could
provide an easy, accessibletool to collect data, increase smoking
knowledge, and reduce smoking behavior without the heavy
demands of time, manpower, and resources required by
traditional methods of data collection and health education.

The aim of this study was to pilot-test the feasibility and
acceptability of a Web-based health education program that
provides tailored feedback on improving knowledge about
cigarette and nargila smoking and changing smoking behaviors
of Arab college/university studentsin Isragl. This study aimed
to determineif atailored Web-based program was perceived as
an acceptable, preferable, and useful tool among Arab university
students.

Methods

Study Design and Procedure

We conducted amixed-methods study utilizing quantitative and
qualitative tools to evaluate the feasibility and acceptability of
a Web-based smoking cessation program to improve cigarette
and nargila smoking knowledge and behaviors among Arab
university students in Israel. Quantitative analysis involved a
pre-/poststudy design with follow-up measurements after 1
month. Students were recruited to the study using flyers and
announcements placed in academic departments, through student
message boards, during classes, and through Facebook.
Participants were sent an introductory email in Arabic with
basic information regarding the questionnaire, the link to the
program, and their assigned username and password to alow
access to the program. Participants could access the program
online from any computer with Internet access.

Participants' responses were automatically saved into the
computer database system. This allowed participantsto log on
multiple times at different sittings, if needed, to complete the
guestionnaire and receive educational feedback. Following
completion of the questionnaire by the participants, responses
were saved into the system and could be downloaded into a
Microsoft Excel file by the researcher for analysis. Website
analytics were used to assess participants' engagement in the
program and length of time that participants used the website.

Email messages were used to remind individuals about
follow-up datesfor compl eting the questionnaires after 1 month.
Reminderswere sent out by email and/or via Facebook messages
2 weeks, 1 week, and 1 day before students were expected to
participate in the follow-up session. Participants were given 1
week to complete the online questionnaire. If after 1 week they
had not logged on to complete the program, another email
reminder was sent to them every other day for a period of 2
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weeks. Those participants who did not respond were removed
from the follow-up analysis.

Following the online intervention, focus group methodology
was utilized to further examine participants persona
perceptions and opinions regarding the acceptability, appeal,
and effectiveness of such aWeb-based health program. A focus
group guide was developed in a semistructured way to ensure
that key questions were addressed and to permit comparisons
across groups, while at the same time providing the facilitator
with the freedom to follow up on unanticipated topics. During
the focus group sessions, participants were al so asked to report
on how thoroughly they read the educational materialsand how
interesting and hel pful they found the material to be. Five focus
group sessions were conducted based on procedures suggested
by Krueger [17]. Due to sensitive issues that were expected to
arisein the discussion, males and femaleswere separated in the
focus group sessions to alow them to discuss issues more
comfortably. Participants who completed both the pre- and
poststudy questionnaires were randomly recruited to participate
in the sessions. To select participants, the researcher used an
online random number generator and contacted those chosen
viaemail or phone requesting their participation until the needed
number of participants were recruited. All five focus group
sessions lasted approximately one and a half hours each. The
sessions were moderated by an Arab professional group
facilitator, familiar with the health field.

This trial was registered with the ISRCTN

(ISRCTN59207794).

registry

Intervention

A Web-based program was devel oped using the already existing
Questions Sharing and I nteractive Assignments (QSIA) system,
an online assessment system that enables users, teachers, and
students to generate, share, and manage knowledge items for
learning, teaching, and assessment [18]. The validity and
reliability of QSIA has been evaluated by previous research
studies[19].

The program, which was in the Arabic language, consisted of
two parts: (1) aself-administered online questionnaire, and (2)
dissemination of tailored health education material viatext and
videos. The self-administered online questionnaire consisted of
atotal of 13 questions on cigarette and nargila smoking behavior
and knowledge. The program consisted of a second module
with seven questions on demographic information about the
participant (ie, age, gender, year of study, subject of study,
religion, religiosity, and hometown). The smoking module was
only one of four health behaviors of the complete program, the
rest of whichisnot discussed in this paper. All participants gave
informed consent before beginning the online program. They
were asked to participate in the intervention at baseline, with
follow-up after 1 month. The questionnairesthat they completed
at the follow-up session were identical to the questionnaires at
baseline. The module on demographic information was
completed only once, at baseline.

After completion of the module, the program was designed to
immediately analyze responses and to automatically display on
the screen the health educational material in Arabic for the
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participant to read and watch. The educationa material consisted
of thefollowing components: (1) introduction, including specific
feedback on the respondent's cigarette and nargila smoking
behavior and his or her intention to quit smoking or to maintain
nonsmoking, (2) educational feedback on the adverse health
impact of smoking and alist of potential health risks of smokers
(or protective factors for nonsmokers), (3) recommendations
with specific actions to help participants quit smoking (based
on their intention to quit), and (4) suggestions and tips to cope
with difficult social situations, including peer pressure. Various
educational YouTube videos showing the adverse health impacts
of cigarette and nargila smoking were integrated into the text
feedback. The feedback that was given to the tail ored-feedback
group was done so according to the individual's perceived
intention to change certain behaviors, according to the
Transtheoretical Stages of Change Model [20]. The feedback
was also tailored according to the demographic variables
indicated, particularly gender, marital status, and family status.
Femalesreceived information regarding how smoking can have
hazardous implications for future pregnancies, and participants
with families received feedback regarding adverse impacts on
the health of their children. For example, if anindividual inthe
tail ored-feedback intervention group reported that they did not
smoke cigarettes or nargila, the feedback given was the
following:

Congratulations! You are not a smoker. You are
protecting your health and have less chance of
developing certain diseases like cancer and heart
disease in the future! Keep up the good work!

On the other hand, if the participant reported that they smoked
only nargila, for example, they would receive the following
recommendation:

Itisgood that you do not smoke cigarettes. However,
by smoking nargila you are putting your health at
risk. As a nargila smoker, you are greatly increasing
your risk of getting certain diseases like cancer and
heart disease in the future. Nargila smoking is just
as dangerous as cigarette smoking. It is very
important that you quit smoking now to protect your
health. It seems that you are ready to quit smoking!
You can quit smoking by...(continue with
recommendations).

Feedback for cigarette smoking and nargila smoking was given
independently. Thus, aparticipant who did not smoke cigarettes,
but smoked nargila would receive positive feedback that they
were not acigarette smoker, and educational feedback regarding
nargila smoking.

This feedback was also sent via email message to the address
provided by the participant and was given at the basgline on,
as well as after the 1-month follow-up session. As part of the
feedback and recommendations, there were also links to the
educational YouTube videos that the participants could watch.

The intervention was developed with an embedded tracking
system—all user activities were logged in a tracking area by
username. These database files were accessible through the
program website, allowing participants to save answers and
complete the program in more than one sitting. The log files
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contained dates of each individual’s participation in the
intervention sessions, and time spent logged into the program.

Pilot-Testing of the Program

Before the program was administered to the participants, it was
pilot-tested for appropriatenessto (1) familiarize datacollection
personnel with the computer program (QSIA), (2) examine
online interactions between the participants and the researcher,
(3) identify potential problemsin the computer process, and (4)
modify the questions appropriately to assure cultural
appropriateness, user friendliness, and clarity. The program was
sent to 25 individuals, including teachers of the Arabic language.
These people were then asked to provide feedback regarding
clarity of the questions and health educational materials,
grammar and spelling, and other administrative issues, such as
the correct ordering of questions, and whether appropriate health
education was received in the tailored-feedback intervention.
After receiving the feedback from the pilot participants, either
through email, phone conversation, or face-to-face meeting,
changes were made to the program before administering it to
the participants. The data from the pilot study was not used in
the analysis.

Target Population and Sampling Procedure

Male and female Arab students attending colleges and
universities in Israel from 2007 to 2010 were recruited to
participatein this study. The study sample chosen was not meant
to berepresentative of the entire Arab population in | srael—the
study was not aimed at describing the whole Arab population,
but rather to study an influential group that can affect the future.
This research will assess whether this type of program is
applicableto this particular group. Dataare lacking on the health
knowledge, attitudes, and practices of young, educated Arab
adults. In general, this group is often overlooked because its
members are regarded as a healthy, invulnerable population.
However, university studentsare likely to engagein risky health
behaviors, including smoking, which can significantly impact
their future health. University students are a very influential
group who are likely to become the future leaders of their
communities. Knowledge obtained from studying this group
may have an impact on the whole Arab population. Increasing
health knowledge and awareness by this target population is
likely to have asignificant impact on others. For example, many
of these students will become the future educators and |eaders
of the next generation. It islikely that these students either have
young children or will soon become parents and raise families.
Increasing their awareness and knowledge regarding health
issues and health-rel ated behaviors empowers them to promote
healthy behaviorsamong their future students, spouses, children,
and families.

Potential participants received email messages in Arabic prior
to the study, explaining its purpose and general procedure. All
individuals who agreed to participate provided online consent
prior to completing the online questionnaire. Once informed
consent was given, participants were sent an email message
containing their assigned username and password, and alink to
enter the online program.
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Participant Recruitment

Students were recruited to the study using flyers and
announcements placed in academic departments and student
Internet message boards in various colleges and universities
throughout Israel. Social mediawas also utilized as ameans of
recruiting participants. An event page on Facebook was
created—individuals that “liked” the page were asked by the
researcher to spread the word regarding the need for students
by sending messages to their friends. Finally, the researcher
requested permission from lecturers to enter during certain
classesto recruit participants. I nterested participants were asked
to providetheir contact details, including mobile phone number
and email address.

The €ligibility criteria included the following: (1) an Arab
studying at acollege or university in Isragl, (2) 18 years of age
or older, (3) has access to the Internet either at home or at their
corresponding college or university, and (4) agrees to provide
informed consent for participation.

M easures

Outcome Measures

Our primary outcome measure was self-reporting of cigarette
and nargila smoking behavior. Smoking behavior was assessed
by asking the questions, “In the past 7 days, have you smoked
acigarette?’ and ;" Inthe past month, have you smoked nargila
at least once aweek?’ The answer options were Yes or No, not
even a puff.

Increasesin cigarette and nargila smoking knowledge was also
an outcome measure. To measure participants knowledge
regarding cigarette and nargila smoking at baseline, we
administered two questions on the health consequences of
smoking. Increase in knowledge was assessed through
completion of the self-administered questionnaire.

Acceptability and preference of the program were additional
outcome measures that were assessed both from the online
guestionnaire and through the focus group sessions. Parti cipants
were asked to assess their satisfaction with the Web-based
intervention as very satisfied, satisfied, neutral, dissatisfied,
and very dissatisfied. In addition, they were asked if they would
recommend the intervention to a friend.

Secondary outcome measures included intention to quit
smoking, reason for wanting to quit, and seeking of professional
help to quit smoking. Intention to quit smoking was assessed
by Yes or No answers to the question, “Do you intend to quit
smoking cigarettes/nargilain the next 6 months?’ Participants
were also asked about the reasons they had for wanting to quit
smoking, aswell as how they have tried to quit in the past (eg,
seeking professional help, support from family/friends).

Baseline Measures

Sociodemographic characteristics, including age, gender, year
of study, subject of study, religion, religiosity, and hometown,
were collected from all the participants during the baseline
guestionnaire.

JMed Internet Res 2015 | val. 17 | iss. 2 |39 | p.65
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Statistical Analysis

Descriptive statistics were first calculated to identify the
characteristics of the participants and frequencies of behavior
and knowledge change. Pearson's chi-square test was used to
determine statistical differences between the pre- and poststudy
questionnaires for categorical variables. Only participants who
completed both pre- and poststudy questionnaires were used in
the comparative analysis. Measures of acceptability and
satisfaction were summarized using counts and sample
proportions. Given the preliminary nature of the study and small
sample size of smokers, multivariate analyses were not
conducted.

In order to analyze the focus group sessions, al sessions were
audiotaped and then transcribed. Notes were kept during the
sessions to capture the nonverbal “mood of the moment” that
could not be documented through the recordings. Following
each focus group session, members of the research team
conducted a debriefing to identify issues that could affect
analysis, such as domineering or quiet members [21]. The
completed transcripts were compared with handwritten notes,
and any inaudible phrases or gaps in the tapes were noted.
Verification of the accuracy of the transcripts was achieved by
randomly cross-checking the transcripts against the tapes.

Theresultsfrom the focus groups were analyzed using thematic
analysis of the transcripts. This was done by organizing the
statements from the focus group sessionsinto categories on the
basis of themes (or concepts) for each of the focus group
guestions that were asked. Concepts were then linked together
as opposites or as sets of similar categories, which were then
made into theoretical statements. A selective coding template
was developed based on major data themes—each theme was
given adifferent coding letter.

Results

Participation and Demographics

At baseline, 356 participants completed the intervention. The
completion rate was 63.2% (225/356) at the 1-month follow-up
session. Only participants who completed both the pre- and
poststudy questionnaires were used in the analysis.

The mean age of respondents was 25 years (SD 5). More than
two-thirds of all respondents were female (155/225, 68.9%).
There were dightly more Musim students that

http://www.jmir.org/2015/2/e39/

Essa-Hadad et al

Christians—47.1% (106/225) versus 43.1% (97/225),
respectively. Themajority (164/225, 72.9%) of studentsreported
that they werereligious. M ost studentswere undergraduate-level
students (165/225, 73.3%). About 70.2% (158/225) of students
were single. These sociodemographic factors may have an
important impact on how the participants use and perceive
computers, which could directly impact the results of the
intervention. Thus, it is important that these factors were
controlled for and considered throughout the results and
discussion. Demographic characteristics of the participants are
presented in Table 1.

Cigarette and Nargila Smoking Behavior and
Knowledge

At baseline, 22.2% (50/225) of participants reported that they
smoked at least one cigarette in the past week. Participation in
the tailored-feedback intervention did not have a significant
impact on cigarette smoking behavior—the percentage of
smokers remained approximately the same at the 1-month
poststudy session (see Table 2).

More than 58.2% (131/225) of participants reported that they
smoked nargila at baseline. At the 1-month follow-up session
after the intervention, this decreased significantly to 22.2%
(50/225) of participants reporting they smoked nargila on a

regular basis (x%=60.6, P=.001).

More than half of participants who smoked cigarettes (29/50,
58%), indicated that they had recently tried to quit smoking.
The percentage of participants in the tailored-feedback
intervention who tried to quit smoking increased to 73% (33/45)
at the 1-month poststudy session. At 1-month poststudy, there
was a statistically significant increase in intention to quit
smoking from 58% (29/50) to 80% (36/45) (x%,=5.3, P=.021).
At this time, the number of smokers who sought professional
help to quit smoking increased from 68% (34/50) to 76%
(34/45), however, thisincrease was not statistically significant.

The primary reason given for trying to quit smoking was to
improve health status. There was no significant change over
time related to this. The mgjority of participants (156/225,
69.3%) were knowledgeable that smoking, even for a short
period of time (1 to 2 years), had an adverse impact on health.
There was a dlight increase in this knowledge to 73.3%
(165/225) at 1-month poststudy, but thisincrease in knowledge
was not found to be statistically significant.
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Table 1. Demographic characteristics of participantsin the intervention group (n=225).

Essa-Hadad et al

Demographic characteristic n (%)
Sex
Male 70 (31.1)
Female 155 (68.9)
Religion
Muslim 106 (47.1)
Christian 97 (43.1)
Druze 5(2.2)
Other 17 (7.6)
Religiosity
Very religious 23(10.2)
Religious 141 (62.7)
Nonreligious 50 (22.2)
No answer 11 (4.9
Year of study
First 49 (21.8)
Second 69 (30.7)
Third 36 (16.0)
Fourth, or higher 11 (4.9)
Graduate level (master’s or doctoral level) 60 (26.7)
Marital status
Single 158 (70.2)
Married 67 (29.8)
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Table 2. Pre-/poststudy smoking knowledge and behavior of participants.

Question about smoking knowledge and behavior Prestudy, n (%) Poststudy, n (%) X21 P value

Did you smoke at least one cigarette during the last week? (n=225)
Yes 50 (22.2) 45 (20.0) 0.1 732
No 175 (77.8) 180 (80.0)

In the past month, did you smoke nargila at least once a week? (n=225)
Yes 131 (58.2) 50 (22.2) 60.6 .001
No 94 (41.8) 175 (77.8)

Do you think it is safe to smoke cigarettes for only a year or two, aslong as you quit after that? (n=225)
Yes 156 (69.3) 165 (73.3) 0.9 348
No 69 (30.7) 60 (26.7)

Only smokers: In the past year, did you try to quit smoking? (prestudy n=50, poststudy n=45)
Yes 29 (58) 33(73) 25 117
No 21(42) 12 (27)

Only smokers: Do you intend to quit smoking cigarettesin the next 6 months? (prestudy n=50, poststudy n=45)
Yes 29 (58) 36 (80) 53 021
No 21 (42) 9(20)

Only smokers: Have you received any support in trying to quit smoking? (prestudy n=50, poststudy n=45)
Yes 34 (68) 34 (76) 0.7 415
No 16 (32) 11 (24)

Program Acceptability and Satisfaction

Participants expressed high satisfaction with the intervention
(see Table 3). Of al the participants, 53.8% (121/225) reported

that they were satisfied with the intervention, and 44.0%
(99/225) were very satisfied with the program. Of al the
participants, 94% (211/225) expressed that they would
recommend the program to afriend.

Table 3. Acceptability and satisfaction of the Web-based tailored intervention (n=225).

Question about the tailored intervention n (%)

What isyour satisfaction level regarding the Web-based tailored intervention?

Very satisfied 99 (44.0)
Satisfied 121 (53.8)
Neutral 5(2.2)
Dissatisfied 0(0)
Very dissatisfied 0(0)

Would you recommend the Web-based smoking intervention to a friend?
Yes 211 (93.8)
No 14 (6.2)

Focus Group Session Results

Five focus group sessions were held with a total of 56
individuals—35 (63%) females and 21 (38%) males—who
completed the pre- and poststudy questionnaire. A focus group
interview guide consisting of semistructured topics (shown in
Textbox 1) was developed. However, sincethe goal of thefocus
group sessions was to give participants as much freedom as
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possible to express their opinions and views regarding the
Web-based program, these semistructured questions were used
only asaguide by thefacilitator. Thefacilitator intervened with
further exploratory questions only when the discussion reached
a dead end. The facilitator diverged many times from the
guestion pool to explore emergent themes and opinions that
came up through the discussion.
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Textbox 1. Focus group topics from the interview guide.
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Focus group topics:

1: Smoking information

2: Acceptability, feasibility, and availability of the program
3: Suggestions for improvement

4: Topics of interest

5: Educational health feedback received

6: Other health topics

7: Learning preferences

8: Satisfaction

The Internet was a predominant theme that arose when
participants expressed how they usualy received health
information. To gain insight into whether participants felt the
computer program was an acceptable, preferable, and useful
tool, severa questions were posed. The majority (50/56, 89%)
of participants—males and females, as well as control and
intervention group members—reported preference of the
computer program over other traditional means of health
education. However, more females (32/35, 91%) than males
(17/21, 81%) indicated that they would likely use an online
health intervention in the future. The following seven themes
emerged when asked what they liked or preferred about the
computer program: (1) interesting and easy to complete and
understand, (2) educational videos, (3) easily accessible, (4)
private and comfortable, (5) comparable to real life, (6)
feedback, and (7) in Arabic. Similarly, the
participants—intervention and control, alike—reported the
feedback to be relevant, effective, clear and to the point, and
interesting. The following statements demonstrate the
predominant themesthat resulted during the discussion regarding
positive aspects of the Web program and feedback:

| usually get bored quickly when | participate in
programs like this. Usually, the health education
material is boring and irrelevant to my lifestyle. But
thiswasdifferent. The feedback, especially the videos,
wasvery interesting and | actually learned something.
| felt like the education given was specifically directed
to me, telling ME exactly what | need to change and
what | need to do to improve my health. [Participant,
female]

What | liked most wasthat | could accessthe program
anytime and from anywhere. The first time, |
completed it at a coffee shop. The second time, | did
it while waiting for the bus at the bus station, and the
last time | did it on campus. It was nice that in my
spare time, and when | was ready and free, | could
complete it. [Participant, male]

| am a pretty shy person. | prefer to search the
Internet. | am not always comfortable to talk about
some things, such as what | eat or that | smoke, in
front of my family doctor or nurse, so | never askthem
questions. | always feel like they will ook negatively
upon me. With this, it was just me and the computer,
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and there was no one to judge me on how | choose to

live my life. [Participant, femal€]
All participants agreed that they would recommend the computer
program to their friends and family, sinceit providesimportant
information in a concise interesting way, is easily accessible,
easy to understand, and does not require a lot of time. This
strengthened the quantitative data regarding the program's
acceptability. The mgjority (46/56, 82%) of participants agreed
that even friends or family memberswho were not very familiar
with using the computer could easily use and understand such
a program. Most participants in the tailored-feedback
intervention stated that they read at least 90% of the material
presented.

The magjority (49/56, 88%) of participants reported that the
feedback regarding nargila smoking was most useful and
interesting. During all sessions, participants agreed that there
is areal lack of awareness and knowledge regarding nargila
smoking. Furthermore, the majority (40/56, 71%) agreed that
nargila smoking was socially and culturally acceptable. The
following statements were made by participants:

Before reading the feedback on nargila smoking, |
had no idea how dangerous it was. Everyone knows
cigarettes are not healthy, but | didn't realize that
nargilawasjust asbad as (cigarettes) or even worse.
No one has ever talked to me about health hazards
associated with nargila smoking. To me, thisisreally
scary since everyonetoday is smoking nargila. | know
kids as young as 10 years who smoke nargila and
their parents think it is ok. It's socially acceptable,
not like cigarettes. As a girl, | am not ashamed to
smoke nargila in public but | would never smoke
cigarettes in public or in front of my parents and
family. [Participant, femal €]

Nargila smoking just seems better for you than
cigarette smoking. The tobacco is fruit flavored, the
smell and taste of the smoke is very fruity. Also, it
seemsthat with thewater pipe, the water would clean
out, or purify, the tobacco before you inhale it.
[Participant, mal€]
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Discussion

Principal Findings

This study used mixed methodol ogy to investigate the feasibility
and acceptability of a Web-based intervention as a tool to
increase knowledge and reduce cigarette and nargila smoking
behavior among Arab college and university studentsin Israel.
There were 225 participants who completed the prestudy
guestionnaire and the poststudy questionnaire after participating
in the online tail ored-feedback intervention. The findings from
the study suggest that a tailored Web intervention was found
interesting and acceptable among Arab university students and
seems promising in reducing nargila smoking and increasing
intention to quit smoking.

Based on previous findings in the literature, we originaly
hypothesized that a Web-based intervention would be an
effective tool to decrease smoking behavior among the target
population. However, this was only true for nargila smoking.
The tailored intervention reduced nargila smoking from 58.2%
at baseline to 22.2% at the 1-month follow-up.

The tailored intervention did not have a significant impact on
reducing cigarette smoking. However, the cigarette smokers
who participated in the tail ored-feedback intervention reported
adatigticaly significant increasein theintention to quit smoking
(P=.021).

The program had a greater impact regarding changing nargila
smoking. Unlike cigarette smoking, which iswidely known by
the general public to be dangerous to health, thereis very little
awareness among the target population regarding the heath
impact of nargila smoking. From the focus group sessions, we
learned more in-depth reasons as to why the Web-based
intervention was so effective at reducing nargila smoking, but
did not have any impact on cigarette smoking. It was evident
that the harmful effects of cigarette smoking were recognized
by all participants. However, this was not the case with nargila
smoking, whichissocially acceptablein Arab culture. Thefruity
smell and taste of the nargila smoke misled participants to
believe it was not very harmful to health. Furthermore, it was
clear that there was a lack of knowledge and awareness
regarding nargilasmoking. All participants reported that no one
had previously talked to them about the harmful health hazards
associated with nargila smoking, unlike cigarette smoking,
which was thoroughly discussed in schools, through media
campaigns, and advertisements.

Participants reported in the questionnaires, and emphasized
during the focus group sessions, that they found the program
to be acceptable, relevant, and interesting. Participants reported
preference of the Web as an educational and data collection tool
to moretraditional strategies, such as printed materials. AlImost
all of the participants reported that they would recommend a
similar program to a friend. Participants appreciated that the
feedback they received was tailored to their responses. Similar
findings throughout the literature have shown that participants
preferred tailored feedback over general feedback becauseitis
more relevant, interesting, and personal [22-30].
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At the time the intervention was implemented (2007-2010),
Web-based health programs were increasing in popularity
around the world and nonexistent among our specific target
population, Arab university students in Israel. Although the
type of Web-based intervention presented is out of datein many
technologically advanced countries, we believe it is still very
important to present the findings of this basic technology. This
is particularly true since thereis a significant proportion of the
general Arab population in Israel who lack access to more
advanced technologies. Furthermore, such basic technologies
remain unique and new to the specific target population at hand.
However, with the increased use of maobile phone and other
mobile technologies today, there is a need to develop and
examine the effectiveness of more advanced technologies.

Comparison With Prior Work

The results of our study are partially consistent with some
studiesintheliterature. Our study found no significant changes
in cigarette smoking among the target popul ation at the 1-month
poststudy session. This is consistent with findings from a
randomized controlled trial (RCT) implemented by McKay et
al that tested two Web-based smoking cessation interventions
and failed to find any differencesin smoking behavior at 3- and
6-month follow-up [31]. However, following participation in
the tailored Web intervention, there were significant increases
in the intention to quit smoking cigarettes, indicating that the
tailored intervention may have had a positive impact. One
systematic review concluded the evidence supporting the use
of Web-based interventionsfor smoking cessation isinsufficient
in showing moderation of smoking behavior in adults, as well
asinsufficient in college students and adol escents[32]. Onthe
other hand, another systematic review conducted by Civljak et
al concluded that some Internet-based interventions can assist
cigarette smoking cessation if programslast 6 months or longer,
particularly thosewhich aretailored toindividuals[13,30]. The
review found few trials that reported success rates for smoking
cessation after 6 months or more, and other trials provided only
limited evidence of long-term benefits of Web-based smoking
cessation programs. However, it was found that the
Internet-based programs may have an additional benefit when
used alongside other interventions, such as nicotine replacement
therapy or other pharmacotherapy [30]. A meta-analysis of 22
studies eval uating the effectiveness of Web- or computer-based
smoking cessation programsindicated that there is sufficient
clinical evidence to support the use of these programs for adult
smokers[28].

In our study, the tailored-feedback Web intervention resulted
in satistically significant reductions in nargila smoking
(P=.001). To the best of our knowledge, this is the first
Web-based program that has been developed to specifically
change nargila smoking behavior, thus, we could not compare
this study to others in the literature. However, if we consider
nargila smoking to be smoking behavior in general, then our
results are consistent with those found by other researchers
indicating that Web-based programs are successful at effecting
smoking cessation. [13,28,30].
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Study Limitations

There were several limitations in the study that must be
considered. A major limitation was the small sample size of
smokers, both at baseline and throughout the follow-up sessions,
thus, alack of statistical power. Despite recruiting an adequate
sample size, there were alarge number of participants that did
not smoke from the outset. Since smoking was only one of four
lifestyle behaviors examined in the program, it was not feasible
for us to recruit only smokers. Of the 225 participants who
completed the pre- and poststudy questionnaire, only 50 were
cigarette smokers. With this small sample size, the statistical
power of the study was low. In future studies, it would be more
appropriate to recruit only cigarette and nargila smokers from
the outset to guarantee that a larger sample of smokers remain
at follow-up. Further research is needed to validate the
effectiveness of the Web intervention with a larger sample of
Arab-lsragli university students, using a rigorous research
design, such as arandomized controlled trial. Since we do not
have a control group, conclusions regarding the effect of the
intervention cannot be made. Despite positive behavior changes
regarding nargila smoking and intention to quit, we cannot
directly state that these improvements were a result of the
program.

Another limitation was that our findings were based on
self-reports, which may have led to recall bias. However,
because we used the same questions at all measurement sessions,
this may not have influenced our data showing changes in
behavior, and thusthe effectiveness of theintervention. Despite
sound theoretical underpinning and knowledge learned from
previous work, there will always be limitations involved in
using self-administered questionnaires. In future studies,
self-reported changes should be compared with objective
measures. It must be noted that outcomes of self-reported
behavior and objective measures of the same type of behavior
do not always match [33]. Consequently, additional research
that utilizes measures of directly observed smoking behavior
would strengthen the findings of this study and should be
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incorporated as part of future studies. Another aspect of the
study that must be considered is the validation of the
participants engagement and reading of the educational
materials. During the focus group sessions, participants were
also asked to report on how thoroughly they read the educational
materials and if they found them to be interesting. Website
analytics were used to assess when, and for how long,
participants used the website. However, this does not provide
enough accurate information regarding the validation of whether
participants actually read the educational material.

The results obtained in this study are only applicable and
generalizable to educated Arabs in Isragl. It was assumed that
if this program was not effective among the educated Arab
population, then it would not be effective among the general
population who may have less access to, and less experience
using, the Internet. However, the distribution of education
among participantsis important. The participants included had
various levels of education, including undergraduate students
at college and university, as well as graduate students at the
master's and doctoral levels. Since it was found that
computer-based health interventions are apromising tool among
educated Arabs, it could be an important strategy for change
among thewhole Arab population. Future research is necessary
to test for applicability in other groups within the general Arab
population, who may have lower education levels.

Conclusions

Our findings revealed that atailored Web-based program may
be a promising tool to reduce nargila smoking among Arab
university studentsin Israel. Thetailored Web intervention was
reported to be feasible, acceptable, relevant, and interesting.
Future research is necessary to test for applicability in other
groups within the general Arab population of Isragl, who may
have lower education levels. With the increased use of mobile
phone and other mobile technologies today, there is also the
need to devel op and examine the effectiveness of more advanced
technologies.
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Abstract

Background: The medical field seeks to use social media to deliver health interventions, for example, to provide low-cost,
self-directed, online self-help groups. However, engagement in online groups is often low and the informational content may be
poor.

Objective: The specific study aims were to explore if sending automessages to online self-help groups encouraged engagement
and to see if overall or specific types of engagement related to abstinence.

Methods: We conducted a Stage | Early Therapy Development Trial of anovel social mediaintervention for smoking cessation
called Tweet2Quit that was delivered online over closed, 20-person quit-smoking groups on Twitter in 100 days. Social media
such as Twitter traditionally involves non-directed peer-to-peer exchanges, but our hybrid social media intervention sought to
increase and direct such exchanges by sending out two types of autocommunicationsdaily: (1) an “ automessage” that encouraged
group discussion on an evidence-based cessation-related or community-building topic, and (2) individualized “autofeedback” to
each participant on their past 24-hour tweeting. The intervention was purposefully designed without an expert group facilitator
and with full automation to ensure low cost, easy implementation, and broad scalability. This purely Web-based trial examined
two online quit-smoking groups with 20 members each. Participants were adult smokerswho were interested in quitting and were
recruited using Google AdWords. Participants' tweets were counted and content coded, distinguishing between responses to the
intervention’s automessages and spontaneous tweets. In addition, smoking abstinence was assessed at 7 days, 30 days, and 60
days post quit date. Statistical models assessed how tweeting related to abstinence.

Results: Combining the two groups, 78% (31/40) of the members sent at |east one tweet; and on average, each member sent 72
tweets during the 100-day period. The automessage-suggested discussion topics and participants responses to those daily
automessages were related in terms of their content (r=.75, P=.012). Responses to automessages contributed 22.78% (653/2867)
of the total tweets; 77.22% (2214/2867) were spontaneous. Overall tweeting related only marginally to abstinence (OR 1.03,
P=.086). However, specific tweet content related to abstinence including tweets about setting of a quit date or use of nicotine
patches (OR 1.52, P=.024), countering of roadbl ocksto quitting (OR 1.76, P=.008) and expressions of confidence about quitting
(OR 1.71, SE 0.42, P=.032). Questionable, that is, non-evidence-based, information about quitting did not relate to abstinence
(OR 1.12, P=.278).
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Conclusions: A hybrid social mediaintervention that combinestraditional online social support with daily automessages appears
to hold promise for smoking cessation. This hybrid approach capitalizes on social media’'s spontaneous real-time peer-to-peer
exchanges but supplements this with daily automessages that group members respond to, bolstering and sustaining the social
network and directing the information content. Highly engaging, this approach should be studied further.

Trial Registration: Clinicaltrials.gov NCT01602536; https://clinicaltrials.gov/ct2/show/NCT01602536 (Archived by WebCite

at http://lwww.webcitation.org/6WGht001K)

(J Med Internet Res 2015;17(2):€50) doi:10.2196/jmir.3772

KEYWORDS
smoking cessation; social media; text messaging

Introduction

Themedical fieldisincreasingly interested in using social media
such as Facebook and Twitter for delivering health interventions,
including interventions that invol ve peer-to-peer social support
and information exchange such as online self-help groups [1].
Social media holds promise for delivering health interventions
becauseitispopular; 73% of online adults reportedly use social
media with 42% using multiple sites and often daily [2]. Also,
social mediaisvirtually freeto users, interactive, and accessible
24-7 to anyone with a mobile phone, tablet, or computer
connected to the Internet.

Twitter seems especially promising for facilitating online
self-help groups because it allows usersto send short messages
or “tweets’ of up to 140 characters instantly to multiple others
and to receiveimmediate feedback from one or many. Moreover,
private Twitter groups can be set up in which all members, and
only members, can simultaneously see and reply to the posts.
Group members can post photographs further encouraging
intimate relationships and online communities to form [3,4].

In addition, Twitter's user-friendly application programming
interface (API) facilitates health care and research applications.
Software programs written for Twitter can send out
“autocommunications’ or pre-scheduled automatically delivered
communications as Twitter posts, or aternatively as mobile
texts or emails. Other programs written for Twitter can
download past tweets into searchable databases, and all of this
has substantial utility for supporting and understanding health
behavior change. As aresult, there is an abundance of health
and medical applications of Twitter [1].

Neverthel ess, there are concerns about using social media-based
health interventions on Twitter or elsewhere. An overriding
concern is that engagement or interactivity may be low [5-8].
For example, though millions of people use health forums to
obtain health information, most users do not post frequently or
continually and so effects on health outcomes have been modest
[6]. However, people who actively engage online often do
benefit [9,10]. Thus the underlying problem seems to be low
engagement [11], which is potentially correctable by finding
mechanisms to increase engagement [4,11]. For instance,
sending daily automessages to online self-help groups that
suggest group discussion topics might possibly trigger
engagement.

Another concern about using sociad media for hedth
interventions and especially for online self-help groups is that

http://www.jmir.org/2015/2/e50/

peer-to-peer postings may be of poor quality, for example,
inconsistent with clinical practice guidelines [12,13]. In fact,
many studies have documented questionable postings [14,15].
For instance, a study of Twitter accounts identified using the
search criteriaof “quit or stop smoking” found a preponderance
of use by bloggers to promote non-evidence-based cessation
products such as e-cigarettes, herbs, and lasers [14]. Sending
daily automessages to online self-help groups might also
possibly help with the problem of non-evidence-based content,
by directing the information content toward evidence-based
topics.

The current research builds on past studies of one-way
automessage-based health interventions, that is, interventions
involving text or email messages created by health experts that
areautomatically sent out to individual recipientsviacomputers
on fixed schedulesto encourage health behaviors. Several initial
studiesindicated that automessage interventions were effective
for smoking cessation [16-20], but a recent review found that
just three of 15 randomized trials of automessage-based smoking
cessation interventions demonstrated a significant improvement
over control [21]. Sending daily automessages to online
quit-smoking groupsthat encourage evidence-based information
exchange and socia support might possibly increaseintervention
efficacy, and so our study takes afirst ook at this.

The current research involved a Stage | Early Therapy
Developmental Trial [22] of a novel socia media-based
intervention for smoking cessation called Tweet2Quit. Thiswas
a hybrid social media intervention because traditional social
medialike Twitter is characterized by non-directed peer-to-peer
exchanges, and we sought to encourage and direct such
exchangeswith our daily autocommunications. Using automated
software programs that ran off our study website, we sent out
daily automessages to bolster and sustain the peer-to-peer
exchanges and to encourage evidence-based discussion topics,
and we sent out daily individualized autofeedback on prior-day
tweeting.

Consistent with the call for N-of-1 or small-scale trials that
target discrete but significant questions for advancing mHealth
interventions [23,24], this initia trial tested the Tweet2Quit
intervention in two pilot groups of 20 members each. To assess
the possible social media-based behavior change mechanisms,
we coded participants’ tweets on two dimensions: (1) whether
or not the tweet was an automessage-generated response, that
is, a response to an intervention automessage, and (2) the
specific content of the tweet. To examine the potential merits
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of our hybrid approach of combining peer support with
automessages, we formulated two specific research aims: (1)
to explore whether the automessages encouraged engagement,
that is, tweeting, and (2) to assess if overall engagement or
specific types of engagement were related to abstinence. Due
to the nonrandomi zed treatment-only research design, statistical
modelswere used that included three participant-level covariates
that have been found to relate to abstinence success in the
literature: education [25-28], gender [26,29], and baseline
cigarettes per day [27,30,31].

Methods

Overview

We conducted a developmental tria of the Tweet2Quit
intervention by setting up two consecutive online quit-smoking
groups with 20 adult smokers per group (tota N=40).
Recruitment, screening, informed consent, assessments
(baseline, 7, 30, and 60 days), and intervention delivery all
occurred online. The research took placein 2012 with approval
and oversight from the Institutional Review Boards of the three
sponsoring US universities. As a main function of the
developmenta trial, in Group 1 weidentified improvementsin
participant screening, intervention delivery, and assessment
methods that we implemented in Group 2.

Twitter-Based I ntervention

Tweet2Quit was delivered using closed, 20-person, 100-day
peer-to-peer Twitter support groups. The decision to include
20 smokersin each group was based on research indicating that
a typical virtual socia network has about 17-20 active
participants [32-34]. The intervention combined (1) a daily
“automessage” that appeared as a Twitter post and posed a
guestion to encourage a group-level discussion on an
evidence-based  cessation-related  topic  [12,13] or
community-building topic [3,4], and (2) daily individualized
“autofeedback” that either praised engagement or encouraged
more engagement based on past 24-hour tweeting.

Theintervention was purposefully devel oped without an expert
group moderator in order to be low cost, fully automated,
completely scalable, real-time, and peer-to-peer. We selected
Twitter as the social media platform over Facebook because it
was easier to keep posts private, that is, within the group,
relative to Facebook and al so because the Twitter programming
languageis superior. We set up the groupsto be private to ensure
confidentiality. That is, we set up each group member to follow
and be followed exclusively by the other members, and we
instructed members not to let othersjoin.

http://www.jmir.org/2015/2/e50/
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Twitter Set-Up

We created new email and Twitter accounts for the study
participants because this allowed us to access the accountsif a
participant’s tweeting behavior became problematic, although
this never occurred. Participants provided their own preferred
usernames and passwords. We sent participants simple
instructions to set up their mobile phones to send and receive
textsfrom Twitter because thisrequired physical accesstotheir
phones. We encouraged participants to post a photo or image
for personalization of their Twitter account. Most importantly,
we encouraged participantsto tweet their group daily, reiterating
this multiple times during recruitment, screening, and group
assignment, and in the daily autocommunications. Participants
often directed their tweets to one or more specific group
members using the @ sign, and over time numerous social dyads
and triplets formed (CM Lakon et a, unpublished data, 2015),
but Twitter automatically sent every tweet simultaneously to
all group members ensuring their full access to all posts at all
times.

I nter vention Autocommunications

A novel part of the intervention was the development of daily
automessages suggesting discussion topics that were posed as
guestions to prompt tweeting. The automessages were sent out
mechanically from the study website using a Twitter-based
software program. The messages came from an account |abeled
“smokingcessat” and were posted as tweets, that is, they
appeared on the group’s Twitter feed. Most of the automessages
encouraged discussions that were consistent with clinical
practice guidelines for smoking cessation [12,13] and referred
to the functional, emotional, and/or self-identity benefits of
quitting smoking [35,36]. Additional automessages promoted
group bonding, that is, online community formation [3,4]. As
amain function of our developmental trial, based on our initial
learnings, we increased the number and improved the timing
of the automessages from Group 1 to Group 2.

Table 1 summarizes the complete set of 100 automessages that
wereused in Group 2. A similar or representative subset of these
automessages, totaling 58, was used in Group 1. The
automessages encouraged participants to share their smoking
histories or other personal information (23%), identify rewards
for quitting (19%), counter roadblocks to quitting (13%),
identify roadblocksto quitting (9%), express emotional support
for quitting (9%), set a quit date or use nicotine patches (6%),
or express confidence about quitting (5%). Some of the
automessages asked about the intervention (16%) at the
intervention end.
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Table 1. Automessage topics versus automessage-generated tweets®.

Pechmann et al

Automessage topics Verbatim examples Main benefit to Percent of automes- Percent of automessage-
participants sages (N=100), % (n)  generated tweets (N=653),
% (n)
Sharing of smoking histories How many years did you smoke? Self-identity 23.0(23) 38.0 (248)
or other personal informa-
tion
Identification of rewardsfor How do you reward yourself for beinga  Emotional 19.0(19) 18.1(118)
quitting nonsmoker each day?
Countering of roadblocksto  What will you do when you feel theurge Functional 13.0(13) 3.1(20)
quitting to smoke?
Identification of roadblocks What activities, responsibilities, tasks, or  Functional 9.0(9) 8.0(52)
to quitting peoplewere or arethe biggest triggersfor
you to smoke?
Expressions of emotional Many of you have quit smoking for an Emotional 9.0(9) 3.0(19)
support for quitting entire month! Congratulations! How does
it feel?
Setting of a quit date or use  How do you remind yourself toputona  Functional 6.0 (6) 2.0(13)
of nicotine patches new patch each day?
Expressions of confidence Do you feel confident that you are now a  Self-identity 5.0(5) 6.0 (39)

about quitting nonsmoker?

816.0% (16/100) of automessages asked about the intervention, eliciting 11.0% (72/653) of automessage-generated tweets. No automessages asked for
guestionabl e information about quitting or assertions of abstinence but, of the tweets coded as automessage-generated dueto their timing, 6.0% (39/653)

and 5.1% (33/653) were coded as containing such content, respectively.

Group 1 received daily automessages for the first 30 days
followed by automessages 3x/week for 70 days, and these
automessageswere sent out at nighttime (12 am. Pacific, 3a.m.
Eastern) to stimulate a response the next morning. Analyses,
however, indicated that the nighttime automessage timing was
suboptimal because there were no spikes in tweeting the next
morning (details below), and so the timing was changed.
Furthermore, when Group 1's automessages were reduced to
3x/week, their tweeting declined markedly. Thus Group 2
received one automessage per day for the full 100 days, and
these automessages were sent out in the evening (5 p.m. Pacific,
8 p.m. Eastern) to stimulate an immediate response.

Intervention Autofeedback Sent via Twitter

To further encourage engagement, each morning for 100 days
(9 am. Pacific, 12 p.m. Eastern), participants received daily
autofeedback on their prior 24-hour tweeting behavior from the
study website. A Twitter-based software program automatically
downloaded the tweets every night, identified tweeters and
non-tweeters, and sent prewritten autofeedback praising tweeters
for engaging and encouraging non-tweeters to engage using
varied wording. In Group 1, the autofeedback was posted on
the group’s Twitter feed, but we learned that many participants
were not logging onto Twitter and so they were not receiving
the autofeedback. Hencein Group 2, the autofeedback was sent
out as texts to each participant’s mobile phone to reach those
not logged onto Twitter. We had initially planned to cease all
autocommunications at 60 days when the free nicotine patches
and abstinence surveys ended. However, many of the Group 1
participants kept tweeting past 60 days, and so we continued
the autocommunications through day 100 in both groups.

http://www.jmir.org/2015/2/e50/

Nicotine Patches and Quit Date

Each participant was mailed an 8-week supply of nicotine
patches that was dosed per the baseline smoking level (starting
with 14 mg patchesif <10 cigarettes/day and 21 mg patches if
>10 cigarettes/day). Participants wereinstructed to initiate patch
use on their quit date. Clinical practice guidelines recommend
combined pharmacological and behavioral treatment to address
the physiological and psychological components of nicotine
addiction in regular daily smokers[13].

In addition, participants were referred to the National Institutes
of Health online quit-smoking guide to develop a quit plan and
were instructed to set a quit date and initiate patch use on their
quit date. Group 1 participantswere instructed to set aquit date
that was within 14 days of intervention start based on clinical
practice guidelines [13]. We found, however, that those who
delayed setting a quit date until the second week also delayed
engaging with the group and were marginalized by the group.
Thus for Group 2, the quit window was reduced to within 7
days of intervention start.

Sample Recruitment and Screening

Smokers were recruited using Google AdWords and a US
$2,000/month pro bono ad budget provided by the Bonnie J.
Addario Lung Cancer Foundation. When a person typed a
cessation keyword into a Google search (eg, nicotine patches,
quit smoking), a study ad appeared if our automated ad bid
(maximum of $2/keyword) exceeded competing bids. The
Google ads linked to the Tweet2Quit website that provided
study information and a brief application form. Recruitment
took about 4 months per group.

Applicants were contacted by email about 1 month prior to
study start and given a link to the screening survey that also
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included the informed consent form. Exclusion criteriaincluded
contraindications to nicotine patch use; active prescription
medicine for depression, anxiety, or quitting smoking; use of
anillicit hard drug in the past 4 weeks; or residency with another
participant. Theinclusion criteriawere smoked 100+ cigarettes
in one's lifetime, currently smoking 5+ cigarettes per day,
intending to quit in the next month, aged 18-59, English
speaking, and continental US resident with an active email
account, mobile phone with Internet access and unlimited
texting, and weekly texting. For Group 2, daily Facebook use
was added as an inclusion criterion because this related
significantly to Group 1 participants tweeting volume. Also
for Group 2, daily marijuana use was added as an exclusion
criterion because a Group 1 member reported using marijuana
daily to avoid tobacco and recommended thisto others.

Survey Measures

The baseline survey assessed participants age, gender, ethnicity,
marital status, education, and smoking history, and it included
the Fagerstrom Test of Nicotine Dependence[37]. The primary
outcome, smoking abstinence, was assessed at 7, 30, and 60
days after the quit date that participants had recorded on the
study website. In both groups, 25% (10/40) of participants chose
day 1 astheir quit date while 75% (30/40) chose a later date.
Three participants, al from Group 1, failed to enter a quit date
and were given the last possible date.

At each assessment point, abstinence was measured using two
standard self-report questions about 7-day point prevalence
smoking: “How many cigarettes have you smoked in the past
7 days?’ and “Have you puffed on a cigarette within the past 7
days?’ Any smoking or puffing was recorded as hon-abstinent.
Non-responses were recorded as missing. As a secondary
outcome and an indicator of treatment adherence, we aso
measured participants’ nicotine patch use (yes/no). We measured
this for the past week at the 7-day follow-up, and for the past
month at the 30-day and 60-day follow-ups. Non-responses
were recorded as missing.

http://www.jmir.org/2015/2/e50/
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In Group 1, the follow-up assessments were conducted via
emailed links to online surveys, but response rates were lower
than expected: 60%, 65%, and 60% at 7, 30, and 60 days post
quit date, respectively. So for Group 2, we also sent texts and
called by phone to obtain the survey responses, and response
rates improved to 95%, 90% and 80%, respectively.

Tweeting M easures

Thegroups' tweetsfor each day were automatically downloaded
to an Excel database using another Twitter software program,
and we assessed tweeting volume, content, and timing as
secondary outcomes. The database contained a separate record
for each tweet that showed the verbatim message sent, the
sender’ susername, each recipient’susernameif designated (eg,
by @), and the date and time. We then summed the tweets by
group, participant, week of study, and time of day. We aso
recorded whether each participant tweeted at least once and
continued tweeting past day 30.

Furthermore, the tweets were content coded based on the
discussion topicsthat were posed in the automessages and based
on other common discussion topics as reflected in the tweets.
A codebook was created with 15 mutually exclusive and
collectively exhaustive content codes, and each tweet received
asingle code (see Table 2). Furthermore, the tweets were coded
to indicate whether they were in response to an automessage or
spontaneous. Automessage-generated responses or tweetswere
identified based on whether the tweet was addressed to the
account “smokingcessat” that sent the automessage and/or
occurred shortly after the automessage was sent and was
associated with the question posed. All other tweetswere coded
as spontaneous.

Two trained research assi stantsindependently coded the tweets.
For the tweet content coding, the kappaor intercoder reliability
was .94 for Group 1 (95% CI 0.93-0.96) and .80 for Group 2
(95% CI 0.78-0.82). For the coding of automessage-generated
versus spontaneoustweets, the kappawas .86 for Group 1 (95%
Cl 0.79-0.94) and .91 for Group 2 (95% CI 0.88-0.93).

JMed Internet Res 2015 | val. 17 | iss. 2 [€50 | p.78
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 2. Total tweets and spontaneous tweets by topic and abstinence®

Pechmann et al

Overall tweet topics Verbatim examples Main benefit Total tweets ~ Spontaneous tweets Relationship be-
(N=2867), % (N=2214, 77%), % (n)  tween total tweets
(n) and abstinence
OR P value
(SB)

Sharing of smoking histo- I'm amom of 4, just got marrieda  Self-identity 24.00 (688) 20.01 (443) 1.08 237
riesor other personal infor-  month ago (0.07)
mation
Expressions of emotional  Day 2 for you? Hang in there...it gets  Emotional 22.01 (631) 28.00 (620) 1.04 156
support for quitting easier!! (0.03)
Assertions of abstinence  @jenjencan | have been 32 hours Self-identity 12.00 (344) 14.00 (310) 117 .031

without it after the last 18years!!!! (0.09)
Identification of road- Anyone else smoke when they drive  Functional 10.01 (287) 10.00 (221) 1.02 754
blocks to quitting aone? | have a30-55 min commute (0.08)

each way to work, usually smoke 2x

b4 arrival. |deas to fight the urge?
Identification of rewards My goal after quitting in playingin ~ Emotional 8.00 (229) 5.01 (111) 1.26 .065
for quitting local tennis tournament and hope i (0.16)

make it past first round.
Sharing of questionable  each time i want to grab for asmoke Emotional 6.00 (172) 6.01 (133) 112 .278
information about quitting i eat asingle piece of candy (0.11)
Setting of a quit date or Set my date for 1/21 Functional 4.01 (115) 5.01 (111) 152 .024
use of nicotine patches (0.28)
Countering of roadblocks I'm doing yoga and chewing straws ~ Functional 3.00 (86) 2.98 (66) 1.76 .008
to quitting to cope, what is everyone el se doing? (0.37)
Expressions of confidence | quit once before so I'm counting on  Self-identity 3.00 (86) 2.98 (66) 171 .032
about quitting doingit again (0.42)

3Mliscellaneous topics comprised 8.00% (229/2867) of total tweets and 6.01% (133/2214) of spontaneous tweets and included positive evaluations of
the intervention (3.00% (86/2867), eg, It's good to know there is a group of people going thru it w/me); reporting of stressful life events (eg, Have a
cold. Chest hurtsalot); mentions of another’s support of the quit (eg, Oh and my hubby is still smoke freetoo! We're both on day 10); negative evaluations
of theintervention (eg, | dunno how this Twitter stuff works); reporting of non-abstinence (eg, I'm still not all the way anon smoker. I've had afew this

week); and other, each at about 1.01% (29/2867).

Analyses

Models using generalized estimating equations (GEE; Proc
Genmod, SASV9.3) wererun to assess the group effects (Group
1 versus 2) on abstinence status and nicotine patch use over
time, after accounting for the clustering of participants within
group, the time period (7, 30, or 60 days post quit date), and
three participant-level covariatesthat theliterature hasidentified
as relating to abstinence success: education [25-28], gender
[26,29], and baseline cigarettes per day [27,30,31]. We used
similar models to assess the group effects on tweeting.

Additional models using GEE were run to assess how tweet
volume, tweet content, and nicotine patch use related to
abstinence status over time, after accounting for the effects of
group, participants clustered within group, time period, and the
three participant-level covariates. Separate models were
estimated for total tweets, automessage-generated tweets,
spontaneous tweets, each of the nine most common tweet types
based on total tweets, and nicotine patch use. Abstinence at 7,
30, and 60 days post quit date was modeled as afunction of the
number of tweets of each type during the applicabl e time period
(0-7 days, 8-30 days, and 31-60 days, respectively); thus, we
used only the 2460 total tweets sent through day 60, which

http://www.jmir.org/2015/2/e50/

included 2023 spontaneous tweets (82.24%) and 437
automessage-generated tweets (17.76%).

Results

Participant Screening

Of the 813 smokers who completed the brief application form
in responseto our Google ads, 106 (13.0%) went onto complete
the screening survey, and 45 of those (42.5%) met the dligibility
criteria. The first 40 were chosen, and the other 5 were
waitlisted. Ineligibility mostly occurred due to failure to
complete the screening survey (21%), lessthan daily Facebook
use (21%, Group 2), aphone that lacked Internet access (19%),
lack of an unlimited texting plan (12%), smoking fewer than 5
cigarettes per day (12%), or texting less than weekly (10%).
The€digihility rate was unrel ated to gender or age but was higher
for Caucasians (47%) than African Americans and Asian
Americans (28%) and no Hispanics took the screener in this
developmental trial.

Participant Demographics and Smoking Histories

Participants averaged 36.5 years of age (SD 9.5, range 20-57),
were 60% female, 95% Caucasian, 58% married or partnered,
and 43% with a college degree. On average at baseline,
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participants smoked 15.5 cigarettes per day, had smoked for 18
years, and had a Fagerstrom nicotine dependency score of 4.9
indicating medium dependency [37]. The groups did not differ
on any of these baseline variables (P=.187 to P=.667) except
that Group 1 smoked marginally more cigarettes per day at
baseline than Group 2 (mean 18.0 versus 13.0, P=.086), and
thus cigarettes per day was included as a participant-level
covariatein all models.

Abstinence by Group

At 7, 30, and 60 days post quit date, Group 1's abstinence rates
were 50%, 57%, and 42% respectively; while Group 2's
abstinence rates were 21%, 61%, and 75% (P=.813). At the
sametime points, Group 1's nicotine patch use rates were 67%,
50%, and 50% respectively, while Group 2's use rates were
significantly higher at 82%, 100%, and 42% (P=.019). In sum,
the groups did not differ significantly on abstinence; however,
Group 2 participantswere morelikely to use the study-provided
nicotine patches.

Tweeting by Group

Across the two groups, the total tweet volume was 2867 or an
average of 72 tweets per group member; also 78% of the group
memberstweeted at |east once. Automessages generated 22.78%
(653) of the tweets, while the remaining 77.22% (2214) of the
tweetswere spontaneous. Figures 1 and 2 show tweeting volume
and duration by group and participant.

Figure 1. Tweeting volume and duration in Group 1.
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Group 1 sent 1125 total tweets or an average of 56 tweets per
member, while Group 2 sent 1742 total tweets or an average of
87 tweets per member (P=.355). Also 70% of Group 1 members
and 85% of Group 2 members tweeted at last once (P=.121),
and 45% of Group 1 members and 75% of Group 2 members
continued tweeting past 30 days (P=.144). The groups differed
significantly only interms of their responsesto theintervention
automessages. Group 1 sent 51 automessage-generated responses
or an average of 2.6 per member, while Group 2 sent 602
automessage-generated responses or an average of 30.1 per
member (P<.001). This indicates that the developmental
improvements made to the automessaging for Group 2 may
have helped to increase responding to the automessaging.

The groupswere al so compared on whether they showed spikes
in tweeting that corresponded to the times when they were sent
automessages and/or autofeedback (Figures 3 and 4). Group 1
memberswere sent automessages at 12 a.m. (midnight) Pacific,
and autofeedback at 9 am. Pacific via Twitter, and they showed
no time-related tweet spikes. In contrast, Group 2 members
were sent automessages at 5 p.m. Pacific so that they could
immediately respond, and they were sent autofeedback at 9 am.
Pecific viatext with no Twitter login required. Correspondingly,
Group 2 showed tweet spikes after they were sent autofeedback
and more markedly after they were sent automessages
suggesting discussion topics.
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Figure 2. Tweeting volume and duration in Group 2.
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Figure 3. Tweeting by time of day in Group 1.
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Content of Automessagesand Automessage-Gener ated
Responses

The automessages and automessage-generated responses were
significantly correlated interms of their content (r=.75, P=.012;
Table 1). Looking at the automessage-generated responses,
participants primarily shared smoking histories or other persona
information (38%), identified rewards for quitting (18%),
identified roadblocksto quitting (8%), or expressed confidence
about quitting (6%). Also 11% of the automessage-generated
responses discussed the intervention because so prompted.

Of the tweets that were coded as automessage-generated due to
their timing, 6% provided questionable information about
quitting (ie, non—evidence-based) and 5% asserted abstinence.
This content was not prompted. Most of the questionable
information about quitting mentioned using marijuana,
e-cigarettes, candy, or food as a substitute for smoking rather
than evidence-based substitutes such as exercise or relaxation.

Content of Total Tweets

Total tweets and spontaneous tweets were highly correlated in
terms of their content (r=.94, P<.001), that is, in terms of the
number of tweets corresponding to each content code. Total
tweets and automessage-generated tweets were less correlated
(r=57, P=.083), and spontaneous tweets and
automessage-generated tweets were least correlated (r=.27,
P=.444). Also, total tweetsin Group 1 and Group 2 were highly
correlated (r=.96, P<.001).

Prevalent content in the total tweets (Table 2) included sharing
smoking histories or other persona information (24%),
expressing emotional support for quitting (22%), asserting
abstinence (12%), identifying roadblocks to quitting (10%),
identifying rewards for quitting (8%), sharing questionable
information about quitting (6%), or setting a quit date or using
nicotine patches (4%). In effect, about 172 of the 2867 tweets
contained questionable information about quitting (6.00%).

Relationships Between Tweeting and Abstinence

In the models relating tweeting to abstinence, there were no
group effects (Ps>.420), but on the participant-level covariates,
men were morelikely to be abstinent (Ps<.014). However, tests
of treatment engagement by gender were al nonsignificant:
men were not more likely than women to twest, to tweet more,
or to use the nicotine patch (Ps>.500).

Abstinence related only marginally to overall tweet volume
(OR 1.03, P=.086). Associations between abstinence and
spontaneous tweet volume (OR 1.03, SE 0.02, P=.108) and
automessage-generated tweet volume (OR 1.09, SE 0.08,
P=.230) were not significant. Abstinence, however, was
significantly related to sending tweetswith this specific content
(Table 2): assertions of abstinence (OR 1.17, SE 0.09, P=.031),
setting of a quit date or use of nicotine patches (OR 1.52, SE
0.28, P=.024), countering of roadblocks to quitting (OR 1.76,
SE 0.37, P=.008), and expressions of confidence about quitting
(OR 1.71, SE 0.42, P=.032). Sending tweets about identifying
rewards for quitting related only marginally to abstinence (OR
1.26, SE 0.16, P=.065).
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Sending tweets with the following content did not relate to
abstinence: sharing of smoking histories or other personal
information (OR 1.08, SE 0.07, P=.237), expressions of
emotional support for quitting (OR 1.04, SE 0.03, P=.156),
identification of roadblocks to quitting (OR 1.02, SE 0.08,
P=.754), or sharing of questionable information about quitting
that was non—evidence-based (OR 1.12, SE 0.11, P=.278).
Finally, nicotine patch use was unrelated to abstinence (OR
1.33, SE 0.66, P=.560).

Discussion

Principal Findings

In this developmentad trial, we studied a novel, low-cost, fully
automated social media-based smoking cessation intervention
caled Tweet2Quit. The intervention contained these
components. smokers who were ready to quit were recruited
online; they were placed in 100-day, 20-person, peer-to-peer
Twitter support groups that were autonomous with no expert
monitor; they were given free nicotine patches; and they were
sent daily automessages suggesting discussion topics for
tweeting and daily autofeedback on their prior day tweeting.
This hybrid intervention combined the traditional social media
approach of spontaneous, real -time, peer-to-peer social support
with daily automessages that encouraged discussions consistent
with guidelines for smoking cessation [12,13] and online
community building [3,4].

Our first specific study aim was to explore if the automessages
encouraged engagement and the findings look promising.
Overall engagement in the intervention was high with 78% of
the group members sending at least one tweet and each member
sending an average of 72 tweets. Also 23% of the tweets were
in response to the intervention’s automessages. Furthermore,
when we improved the automessaging for Group 2 participants
by increasing its frequency and improving its timing,
automessage-generated responses rose significantly and we
observed tweeting spikes corresponding to when the
automessages were delivered. Moreover, the content of the
automessages correlated with the content of the
automessage-generated  responses, indicating that the
automessages largely produced the desired content. However,
a randomized controlled trial is needed to study intervention
efficacy.

Our second specific study aim was to assess whether overall
engagement with the intervention or specific types of
engagement were associated with abstinence. We found that
the volume of overall tweets was only marginally related to the
tweeter’s abstinence. However, the following specific types of
tweets related significantly to the tweeter's abstinence:
countering of roadblocks to quitting, setting of a quit date or
use of nicotine patches, expressions of confidence about quitting,
and assertions of abstinence. Also identification of rewards for
quitting was marginally related to abstinence.

Due to the correlational nature of our research, we cannot
ascertain if specific types of tweets promoted abstinence;
instead, perhaps abstinence elicited the tweeting. Nevertheless,
it appearsthat automessages sent to online quit-smoking groups
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should try to encourage thinking and discussions on setting quit
dates, using nicotine patches, countering roadbl ocksto quitting,
building confidence about quitting, and identifying rewards for
quitting. In our study, tweets that merely identified roadblocks
to quitting were unrelated to abstinence, so it seems
automessages should encourage participants to identify and
counter roadblocks simultaneously.

In our study, expressions of emotional support for quitting (eg,
“we can do this”) and the sharing of smoking histories or other
personal information were unrel ated to the tweeter’s abstinence;
yet, these tweets may have promoted online community building
[3,4]. Finally, we found that tweets conveying questionable or
non-evidence-based information about quitting, for example,
use of marijuana, e-cigarettes, or candy as substitutes for
cigarettes, werein the minority (6%). Furthermore, these tweets
were unrelated to the tweeter’ s abstinence. Consistent with prior
tobacco treatment studies [26,29], men were found to have
higher rates of abstinence than women, and this appeared
unrelated to treatment engagement. More research is needed to
better understand gender differences in success with quitting
smoking.

Strengths and Limitations

This development trial was an important first step in exploring
the utility of Twitter-based social support groups combined with
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automessages to promote smoking cessation. Limited by the
nonrandomized treatment-only design, arandomized controlled
trial is now needed. Also, our sample was small and primarily
Caucasian. Although recruitment via Google was broad-based,
offering nicotine patches as an incentive may have been more
attractive to non-Hispanic Caucasian smokers given research
that minorities are less likely to use patches [38,39]. Future
research should test other approaches for engaging a more
diverse group of smokers. Another study limitation was the
reliance on self-reported abstinence, and so future research
should test for bioconfirmation of abstinence, athough the
demand characteristics for false reporting of abstinence were
likely low in our study dueto the anonymity inthe groups. Last,
there were correlations among tweets addressing different
content, making it difficult to fully assessthe uniquerelationship
between each content and abstinence.

Conclusions

We have developed a hybrid social media—based smoking
cessation intervention caled Tweet2Quit that combines
traditional real-time, peer-to-peer social support and nicotine
patch with daily automessages and autofeedback. Engagement
was high and the automessages helped ensure that the
peer-to-peer discussions were consistent with guidelines for
smoking cessation and building online communities. Hence,
this novel intervention should be studied further.
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Abstract

Background: Self-management plays an important role in maintaining good control of diabetes mellitus, and mobile phone
interventions have been shown to improve such self-management. The Health Promotion Board of Singapore has created a
caloric-monitoring mobile health app, the “interactive Diet and Activity Tracker” (iDAT).

Objective: The objective was to identify and describe short-term (8-week) trajectories of use of the iDAT app among patients
with type 2 diabetes mellitus in a primary care setting in Singapore, and identify patient characteristics associated with each
trajectory.

Methods: A tota of 84 patients with type 2 diabetes mellitus from a public primary care clinic in Singapore who had not
previously used the iDAT app were enrolled. The app was demonstrated and patients’ weekly use of the app was monitored over
8 weeks. Weekly use was defined as any record in terms of food entry or exercise workout entry in that week. Information on
demographics, diet and exercise motivation, diabetes self-efficacy (Diabetes Empowerment Scale-Short Form), and clinical
variables (body mass index, blood pressure, and glycosylated hemoglobin/HbA1c) were collected at baseline. iDAT app use
trgjectorieswere delineated using latent-class growth modeling (LCGM ). Association of patient characteristics with thetrajectories
was ascertained using logistic regression analysis.

Results: Three iDAT app use trajectories were observed: Minimal Users (66 out of 84 patients, 78.6%, with either no iDAT
use at al or use only in the first 2 weeks), Intermittent-Waning Users (10 out of 84 patients, 11.9%, with occasional weekly use
mainly in the first 4 weeks), and Consistent Users (8 out of 84 patients, 9.5%, with weekly use throughout al or most of the 8
weeks). The adjusted odds ratio of being a Consistent User, relative to aMinimal User, was significantly higher for females (OR
19.55, 95% CI 1.78-215.42) and for those with higher exercise motivation scores at baseline (OR 4.89, 95% Cl 1.80-13.28). The
adjusted odds ratio of being an Intermittent-Waning User relative to aMinimal User was also significantly higher for those with
higher exercise motivation scores at baseline (OR 1.82, 95% CI 1.00-3.32).

Conclusions: This study provides insight into the nature and extent of usage of a caloric-monitoring app among patients with
type 2 diabetes and managed in primary care. The application of LCGM provides a useful framework for evaluating future app
use in other patient populations.

(J Med I nternet Res 2015;17(2):€33) doi:10.2196/jmir.3938
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Introduction

The prevalence of type 2 diabetes mellitus is expected to rise
globally with an increasingly urbanized and aging population
[1]. In Singapore, prevalence among adults aged 18-69 years
increased from 8.2% in 2004 to 11.3% in 2010 and is expected
to continue to rise as the population gets older and more obese
[2,3]. Diabetes is a chronic condition that requires patient
self-management as well as continual medical care by health
care providers. Patients with better self-care behaviors such as
adherence to meal recommendations and glucose monitoring
have been shown to develop better control of their condition
than patients who were given more medications [4].

A meta-analysis of 22 trials attested to the possibility of
significant reductionsin glycosylated hemoglobin (Hb, ) levels
(mean 0.5%; 95% CI 0.3-0.7) through the self-management of
diabetes using mobile phone interaction [5]. In 2012, at 74%,
Singapore was the world's leading country in smartphone
penetration and by 2013, smartphone penetration had increased
to 78% [6]. In terms of app usage, Singapore is presently 5Min
theworld at 75% [7]. To leverage the increasing ownership and
use of smartphones and apps, the Singapore Health Promotion
Board (HPB) created a mobile app called the “interactive Diet
and Activity Tracker” (iDAT), which enables users to track
daily calories consumed and burned using a database of locally
availablefoods. Although the app isintended for use by anyone
whether they have diabetes or not, a healthy diet, exercise, and
weight loss or healthy weight maintenance are still the mainstay
of first-line therapies for managing diabetes[8]. The iDAT app
can function in a supportive role to aid diabetes patients in
lifestyle self-management by allowing them to monitor diet and
exercise.

Several studies have been conducted on the use of technology
and mobile phones in diabetes management, including studies
using interventional  approaches—as  opposed to
control—whereby intervention groups received mobile phone
reminders or feedback on self-monitoring of glucose levels
[9,20]. However, research attempting to understand usage
patterns of mobile phone-based interventions has been
challenging. A few studies have attempted to assess usage
patterns, but in asimplistic manner that provided minimal useful
informati on—descriptions, averages, or tabulation of usage data
[9,11]. Comparing predictors and clinical outcomes among
diverse usage patterns becomes problematic owing to the
difficulty in defining and distinguishing meaningful usage
patterns over time.

“Latent-class growth modeling” (LCGM) is a statistical
technique that exploits the existence of latent groups of
individuals who share similar time trajectories of a particular
trait, the characterization of which allows better understanding
of the pattern of change in that variable [12,13]. LCGM has
been used for some time in criminological and behavioral
research, and only more recently in medicine and public health
research studies of body masstrajectoriesin children and adults
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[14,15]. To our knowledge, LCGM has not been used to analyze
app usage patternsin a patient popul ation. In applying this data
analysis technique, we aimed to better understand and
characterize the nature and extent of technological engagement
with a caloric-monitoring mobile health app (iDAT) by type 2
diabetes patients in Singapore's primary care setting—an app
that could be helpful for self-management of their chronic
condition.

The primary aim of our study was to assessiDAT app usagein
patients with type 2 diabetes. More specificaly, our goal was
to identify and characterize short-term (8-week) trajectories of
use of the iDAT app among patients with type 2 diabetes
mellitus in a primary care setting in Singapore and to identify
patient characteristics associated with different trajectories.

Methods

Study Design, Site, and Population

The study was conducted at one of the 18 public primary care
clinics (polyclinics) located in the northeastern part of
Singapore. It is a typical polyclinic, which managed amost
5000 patients with type 2 diabetes in 2013. Patients enrolled
for the study had to meet all of the following inclusion criteria:
(2) above 21 yearsof age, (2) type 2 diabetes mellitus diagnosed
based on World Health Organization criteria[16], (3) ownership
of smartphonethat is ableto download theiDAT app (ie, Apple
iOS or Android platform only), and (4) able to understand and
use the iDAT app. Exclusion criteria were patients with (1)
significant physical and/or cognitive impairment, (2) type 1
diabetes médllitus, (3) pregnant, or (4) prior use of the iDAT
app.

Participants were enrolled over a 5-month period from
November 2013 to March 2014. Patients attending the diabetes
counselling and screening services for eye and foot
complications at the polyclinic were approached. Patients who
declined participation, did not feel comfortable using apps, or
could not understand English were not recruited (Figure 1).
Recruited participants were introduced to the iDAT app and
taught how to useit to monitor food intake and physical activity.
Personal email addresses were used for app registration, and
monitoring of app usage was based on the email address
provided. A questionnaire was administered that included
demographic questions, scale-based questions evaluating i DAT
app usefulness, current diet and exercise, motivation to improve
diet, and mativation to exercise (Figure 2). The questionnaire
aso included an 8-question instrument, the Diabetes
Empowerment Scale-Short Form (DES-SF), developed and
validated in a group of 239 African American subjects by the
Michigan Diabetes Research and Training Center (Figure 3)
[17]. This instrument is graded on a score of 1 (low
self-efficacy) to 5 (high self-efficacy) and alows for an
assessment of patients' diabetes-related self-efficacy [17].
Patients' clinical dataincluding height, weight, blood pressure,
and Hb, ; were also collected. The questionnaire was primarily

el f-administered, with assistance from the researcher as needed.
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Initially, the plan wasto recruit only newly diagnosed patients.
But dueto slow recruitment and to reach our preliminary target
of 80 patients, recruitment was expanded, 3 months into the
study, to all patients who otherwise satisfied the inclusion
criteria.

Patient use of theiDAT app was monitored weekly over aperiod
of 2 months post-enrollment. There were no financial
reimbursements to the patients for study participation. This
study was approved by the SingHealth Centralized I nstitutional

Figure 1. Recruitment and study flowchart.
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Review Board E (CIRB) (Ref: 2013/743/E), in accordance with
all applicable regulations, and informed consent was obtained
after the nature and possible conseguences of the study were
explained. Participants were informed when consent was taken
and in the Participant Information Sheet that the email addresses
used for iDAT registration would be collected and used to track
app usage. This personal information, together with the other
data collected, were to be kept confidential and only used on a
need-to-know basis as approved by the CIRB.

| 153 patients approached at Pasir Ris Polyclinic |

| 84 patients recruited |

| 69 patients not recruited |

v
1) Introduced to iDAT 43 patients unable to 26 patients able to
2) Given Survey download iDAT download iDAT

3) Clinical data collected

8 No handphones
30 No smartphones
5 Nokia smartphones

8 Refused study
5 Did notunderstand English
13 Did not want/

knew how to use apps

Figure 2. Questions evaluating "interactive Diet and Activity Tracker" (iDAT) app usefulness, current diet and exercise, motivation to improve diet,

and motivation to exercise.

control of your diabetes?

On a scale of 0 to 9, how likely do you think that this app, iDAT, will help you lead a healthier lifestyle for better

| o0 1 2 3 4 5 6 7 8 g |

| Notatal Extremely |
On a scale of 0 to 9, how healthy do you think your diet is?

0 1 2 3 4 5 6 7 8 9 |

| Very unhealthy Very healthy |

On a scale of 0 to 9, how mofivated are you to change your eating habits to achieve better control of your

minutes)?

o None for the past year o Fewtimes ayear

o Once a week o 2-3 times a week

diabetes?
0 1 2 3 4 5 6 7 8 9 |
| Notatall Extremely |

How often do you exercise (where you have a raised heart rate and you break into sweat for at least 10

On a scale of 0 to 9, how mofivated are you to improve your exercise routine to achieve better control of your

o 1-3 imes amonth
o Daily

diabetes?
| 0 1 2 3 4 5 6 7 8 9 |
| Notatal Extremely |
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Figure 3. Diabetes Empowerment Scale-Short Form (DES-SF) questions developed and validated by the Michigan Diabetes Research and Training

Center.

Check the box that gives the best answer for you.

In general, | believe that I:

oStrongly Disagree oSomewhat Disagree

oStrongly Disagree oSomewhat Disagree
oStrongly Disagree oSomewhat Disagree
oStrongly Disagree  oSomewhat Disagree
oStrongly Disagree oSomewhat Disagree
oStrongly Disagree  oSomewhat Disagree
oStrongly Disagree

oSomewhat Disagree

oStrongly Disagree oSomewhat Disagree

1. ... know what part(s) of taking care of my diabetes that | am dissatisfied with.

o Neutral

2. ...am able to turn my diabetes goals into a workable plan.

o Neutral

3. ...can try out different ways of overcoming barriers to my diabetes goals.

o Neutral

4. ..can find ways to feel better about having diabetes.

o Neutral

5. ..know the ways | cope positive with diabetes-related stress.

o Neutral

6. ...can ask for support for having and caring for my diabetes when | need it.

o Neutral

7. ...know what helps me stay motivated to care for my diabetes.

o Neutral

8. ...know enough about myself as a person to make diabetes care choices that are right for me.

o Neutral

oSomewhat Agree  oStrongly Agree
oSomewhat Agree  oStrongly Agree
oSomewhat Agree  oStrongly Agree
oSomewhat Agree  oStrongly Agree
oSomewhat Agree  oStrongly Agree
oSomewhat Agree  oStrongly Agree
oSomewhat Agree  oStrongly Agree
oSomewhat Agree  oStrongly Agree

iDAT Smartphone App

TheiDAT app (Figure 4) was developed by the HPB, a statutory
board under the Ministry of Health, Singapore, established to
drive national health promotion and disease prevention
programs. The iDAT app, though not diabetes-specific, was
chosen becauseit was created for thelocal Singapore population,
is freely and easily available on the two most common
smartphone platforms (iOS and Android), targets first-line
diabetes management of diet and exercise, and does not require
any additional devices like glucometers for patients to fully
utilize the app.

http://www.jmir.org/2015/2/e33/
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The app isfree to download through Apple’siTunes/App Store
and Android’s Google Play. It functions as a calorie counter,
hel ping usersto bal ance cal ories consumed with calories burned
on a daily basis. The “Meal” section alows the user to input
food consumed viaafood database with their estimated calories,
including local ethnic foods. The “Workout” section enables
the user to tap on their smartphones' Global Positioning System
(GPS) to monitor fitness workouts and calculate estimated
calories burned. Workouts can be added manually or by using
theapp’s* Step Counter” . Other functionsinclude social features
such as Facebook-sharing and a“Weight and Goal” feature that
allows usersto set aweight loss goal and track weight loss over
time.
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Figure 4. "interactive Diet and Activity Tracker" (iDAT) screen captures.
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Statistical Analysis

Demographic variables and clinical characteristics at baseline
were summarized as mean with standard deviation for
continuous variables and counts and percentages for categorical
variables. HPB provided the iDAT app backend information in
the form of weekly use. To summarize this data, any record in
terms of food entry or exercise workout entry in a week was
considered as usage for that week.

A statistical analysis software (SAS) macro, PROC TRAJ, was
used to apply LCGM to analyze weekly iDAT app usage data
and to identify the latent groups characterizing the iDAT app
usetrgjectoriesfor the cohort. LCGM uses maximum likelihood
to estimate model parameters[18,19]. To determine number of
latent trajectory groups and tragjectory shapes, multiple factors
were considered: model fit statistics (Bayesian Information
Criterion/BIC), significance of polynomial terms, and value of
average posterior probability with an eye to parsimony in the
number of trajectory groups [13,20]. The best-fit-model was
chosen based on the magnitude of difference in BIC and the
linear/polynomial specification that best defined the trgjectory
in each group, given the number of groups[18,20]. Each patient
was assigned to the trajectory group for which he/she had the
highest posterior probability of membership [20]. Subsequently,
univariate and multivariate (stepwise) polytomous logistic
regression were used to identify demographic featuresor clinical
characteristics predictive of trajectory group membership.

Results

Baseline Characteristics of Recruited Patients

Of 153 patients approached, 84 who consented and satisfied the
inclusion/exclusion criteria were enrolled (Figure 1).
Demographics, clinical and diabetes-related variables, socia
lifestyle factors, smartphone characteristics, scores for
motivation, and DES-SF at baseline are presented in Table 1.
Themean age of the study participantswas48.2 (SD 8.5) years,
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RenderX

with a nearly equal gender distribution. In terms of ethnic
composition, 54% (45/84) were Chinese, 27% (23/84) Malays,
12% (10/84) Indians, and Other ethnicities made up the
remaining 7% (6/84). Most were married (83%, 70/84) and
employed (83%, 70/84). The largest group (46%, 39/84) had
educational qualification of secondary school or below, followed
by diploma (21%, 18/84), degree (20%, 17/84), and
post-secondary school education (12%, 10/84). Their mean
Body MassIndex (BM1) was 29.1 (SD 6.1) kg/m?, mean systolic
blood pressure was 130.5 (SD 18.5) mmHg, mean diastolic
blood pressurewas 77.6 (SD 10.9) mmHg, and mean Hb,;Jevel
was 8.7 (SD 2.5) %. A minority smoked (15%, 13/84) while
31% (26/84) were regular or social drinkers.

As we prioritized the enrollment of newly diagnosed patients,
only 21% (18/84) of the enrolled participants had been
diagnosed with diabetes more than a year prior to enrollment.
Therefore, most of the participants had “diet only” treatment
without medications (31%, 26/84) or were using one diabetes
medication but not insulin (42%, 35/84).

When asked to rate how healthy their diet was on a scale of 0-9
(O-very unhealthy and 9-very healthy), the participants reported
amean score of 4.8 (SD 1.9). Their reported exercise frequency
ranged from 25% (21/84) who stated they have “not exercised
for the past year” to 7% (6/84) who indicated that they exercise
“between 1 to 3 times per month”. They were generally quite
motivated to improve their diet and exercise, giving similar
mean scoresof 7.3 (SD 1.5) and 6.7 (SD 1.5) respectively when
asked to rate their motivation on a 0-9 scale.

Most owned Android-based smartphones (70%, 59/84). Most
used their smartphones and apps frequently, with 87% (73/84)
indicating that they used their smartphones more than 5 times
aday and 76% (64/84) used apps morethan 5 times aday. After
being shown how to use iDAT, they gave a positive baseline
rating for its usefulness with mean score of 6.7 (SD 1.5) on a
0-9 scale.
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Table 1. Characteristics of enrolled patients at baseline.
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Characteristic Total recruited
(n=84)
Demographics
Age (years), mean (SD) 482 (8.5)
Gender, n (%)
Male 43 (51)
Female 41 (49)
Ethnicity, n (%)
Chinese 45 (54)
Malay 23(27)
Indian 10(12)
Others 6(7)
Marital status, n (%)
Single 10 (12)
Married 70 (83)
Divorced / Separated 4 (5)
Occupational status, n (%)
Retired 6(7)
Homemaker 7(8)
Unemployed 1(2)
Employed 70 (83)
Educational level, n (%)
Secondary and below 39 (46)
Post-secondary (‘A’ levels, technical) 10(12)
Diploma 18 (21)
Degree and above 17 (20)
Clinical variables, mean (SD)
BMI (kg/m?) 29.1(6.1)
Height (cm) 163.7 (8.7)
Weight (kg) 78.3(18.9)
Blood pressure (mmHg), mean (SD)
Systolic 130.5 (18.5)
Diastolic 77.6 (10.9)
Diabetes-related variables, n (%)
Time of diagnosis
New (lessthan 1 year) 66 (79)
Long-term (more than 1 year) 18 (21)
Diabetes treatment
Diet only 26 (31)
On 1 diabetes medicine (without insulin) 35 (42)
On 2 diabetes medicines (without insulin) 16 (19)
Oninsulin 7(8)

Social lifestyle
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Characteristic Total recruited
(n=84)
Healthy diet score (0-9), mean (SD) 4.8 (1.9)
Smoking status, n (%)
No 63 (75)
Ex-smoker 8(10)
Yes 13 (15)
Drinking status, n (%)
Non-drinkers 53 (63)
Used to drink 5(6)
Regular/social drinkers 26 (31)
Exercise frequency, n (%)
None in the past year 21 (25)
Few times per year 13 (15)
1-3 times per month 6 (7)
Once per week 18 (21)
2-3 times per week 18 (21)
Daily 8(10)
Smartphone characteristics, n (%)
Smartphone operating system
Apple 25 (30)
Android 59 (70)
Smartphone usage
More than 5 times /day 73 (87)
Less than 5 times /day 11 (13)
Apps usage
More than 5 times /day 64 (76)
Lessthan 5 times/day 20 (24)
iDAT3usefulness score (0-9), mean (SD) 6.7 (1.5)
M otivation and self-efficacy scales, mean (SD)
Diet motivation score (0-9) 7.3(1.5)
Exercise motivation score (0-9) 6.7 (1.5)
DES-SF°(1-5) 4.1(0.5)

8 DAT: interactive Diet and Activity Tracker
PDES-SF: Diabetes Empowerment Scale-Short Form

Weekly iDAT App UseLatent Trajectory Groups

Using the LCGM approach and applying goodness-of -fit criteria,
weekly iDAT app use was best characterized as three latent
trgjectory groups (Figure 5). The model specifying four
trgjectory groups failed to converge and the model postulating
two underlying trajectory groups had a higher BIC value
indicating a poorer fit. Based upon the shape of the iDAT app
use trgjectory for each group, the three latent trajectory groups

http://www.jmir.org/2015/2/e33/

were labelled “Minimal Users’, “Intermittent-Waning Users’,
and “ Consistent Users’.

A total of 78.6% (66/84) of study participants were Minimal
Users with a typical usage pattern of no iDAT input or iDAT
input only during the first 2 weeks post-recruitment; 11.9%
(10/84) were Intermittent-Waning Users with a typical input
pattern of an occasional weekly input, mainly inthefirst 4 weeks
post-recruitment. The remaining 9.5% (8/84) were Consistent
Users with a typical input pattern of weekly input throughout
all or most of the 8-week post-recruitment period.
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Figure5. Weekly "interactive Diet and Activity Tracker" (iDAT) app use trajectory groups identified using latent class growth modeling.
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Predictorsof Trajectory Group Membership

Univariate (Table 2) and multivariate (Table 3) polytomous
logistic regression (Minimal Users as the reference category)
was used to assess the baseline characteristics deemed most
plausible as predictors of trgjectory group membership.
Univariate analysis showed that healthy diet (OR 1.6, 95% Cl
1.0-2.5) and exercise motivation (OR 3.9, 95% Cl 1.6-9.6) were
associated with Consistent Users, and that exercise motivation
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(OR 1.8, 95% ClI 1.0-3.1) and DES-SF scores (OR 6.6, 95% Cl
1.4-29.8) were associated with Intermittent-Waning Users. The
multivariate analysis resulted in two significant predictors:
females had higher odds of being Consistent Users (OR 19.55,
95% Cl 1.78-215.42) than males, and subjects with higher
exercise motivation scores at baseline had higher odds of being
Intermittent-Waning Users (OR 1.82, 95% CI 1.00-3.32) and
Consistent Users (OR 4.89, 95% CI 1.80-13.28).
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Table 2. Univariate polytomous logistic regression for baseline predictors of iDAT app use trgjectory group membership (odds ratios are calculated

with Minimal Users as the reference group).

Minimal Intermittent-Waning Users Consistent Users Overal P
Users (n=66) (n=10) (n=8) value
n (%) or n (%) or OR (95% ClI) P n (%) or OR (95% ClI) P
mean (SD) mean (SD) mean (SD)
Gender (female) 30 (45%) 4(40%)  0.8(0.2-3.1) 75  7(88%)  8.4(1.0-72.1) 052 .14
Age, years 47.8(8.7) 472(7.7) 1.0(0.9-11) 82  520(7.7) 11(1.0-12) 20 4
Body Mass Index (BMI) 29.1(6.3) 31.0(5.7) 1.0(0.9-12) 38  263(42) 09(0.811) 20 27
Glycosylated hemoglobin (Hbai) 8.9 (2.5)2 72(16) 0.7 (0.4-1.0) 07 85(30° 09(0.7-13) 71 19
iDATusefulness score (0-9) 6.6 (1.6) 7.2(1.1) 1.4(0.8-2.3) 21 7412 15(0.9-2.7) A5 .20
Healthy diet score (0-9) 46(1.9) 52(15) 12(0.8-17) 39 61(21) 16(1.0-25) 045 11
Diet motivation score (0-9) 7.1(1.6) 7.7 (0.9) 1.4(0.8-2.3) 25 83(1L0) 2.1(1.0-45) .055 .10
Exercise frequency 32
Few times or none per 29 (44%) 4 (40%) 0.6 (0.1-2.7) 49 1(13%) 0.1(0.1-1.1) .06
year
1-4 times per month 20 (30%) 2(20%)  0.4(0.1-2.6) 36  2(25%)  0.3(0.1-2.0) 23
More than onceaweek 17 (26%) 4 (40%) Ref 5 (62%) Ref
Exercise mativation score (0-9) 6.4 (1.5) 7.4 (1.3) 1.8(1.0-3.1) .049 8.3(0.9 3.9(1.6-9.6) .003 .004
DES-SFY(1-5) 4.0(0.5) 44(0.3) 6.6 (1.4-29.8) 02 4.3(05) 4.0 (0.8-19.4) 09 .02

8=56, not al| patients had Hba 1 levels at baseline. Bn=7, not all patients had Hbp 1clevels at baseline.

CiDAT: interactive Diet and Activity Tracker
4DES-SF: Diabetes Empowerment Scale-Short Form

Table 3. Multivariate polytomous logistic stepwise regression®for baseline predictors of iDATbapp use trajectory group membership with Minimal

Users group as reference category.

Intermittent-Waning Users Consistent Users Overal P
(n=10) (n=8) value
OR (95% Cl) P OR (95% Cl) P
Gender (female) 1.21 (0.28-5.20) .80 19.55 (1.78-215.42) .02 .052
Exercise Motivation Score (0-9) 1.82(1.00-3.32) .05 4.89 (1.80-13.28) .002 .003

83| E (Significance Level to Enter)=SLR (Significance Level to Remove)=0.20.

biDAT: interactive Diet and Activity Tracker

Discussion

Principal Results

To our knowledge, this is the first study to apply LCGM to
delineate trajectories of app usage. We were able to distinguish
usage patterns of a caloric-monitoring mobile health app into
three latent trgjectory groups. Minima  (76.8%),
Intermittent-Waning (11.9%), and Consistent Users (9.5%).
While amajority of patients did not use or rarely used the app,
about 20% used the app, with close to 10% using the app on a
regular basis during the 8-week post-enrollment period. The
adjusted odds of being a Consistent User, as opposed to a
Minimal User, were significantly higher for females and for
subjectswith higher exercise motivation scores at baseline. The
adjusted odds of being an Intermittent-Waning User were also
significantly higher for those with higher exercise motivation

http://www.jmir.org/2015/2/e33/

scores at baseline. The application of LCGM alowed us to
delineate distinct trajectories of iDAT app usage and then
identify predictors of specific patterns of app use.

Comparison With Prior Work

There is strong evidence that good self-management in the
chronic care of diabetes|eadsto better outcomes of the condition
[4,21,22]. To further support patientsin their effort toward better
diabetes control, recent studies have tried to investigate the
usage and effectiveness of incorporating technologies like the
Internet and mobile phonesto facilitate and support self-efficacy
of diabetes patients[9,11,23]. While results have generally been
positive, usage rates of the technologica systems vary
substantially with some as low as 13% and others as high as
92% [9,23]. To some extent, thisislikely dueto different study
designs, conditions, and device types, which leads to difficulty
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in comparing results and making generalizations. Furthermore,
some earlier interventions required additional resources such
as dedicated health care personnel to operate a personalized
messaging system or gadgets for the subjects’ use that may not
have been readily available outside the study. Generalizing
usage patterns in a broad context is difficult as usage varies
widely among individuals and over time and, in this regard,
statistical methodologies such as LCGM are of great value in
identifying, segregating, and characterizing underlying latent
behavioral trgjectories.

Our study protocol initially aimed at enrolling newly diagnosed
diabetes patients, defined as patientsin their first year following
a diagnosis of diabetes. We felt these patients would benefit
most from using the iDAT app, since they would likely be
learning new diets and making lifestyle changes. In addition,
there have been few studies focused on patient self-motivation
in newly diagnosed diabetes [24]. Asthe study progressed, we
found ourselves unabl e to recruit sufficient numbers of patients
in their first year following diagnosis and so we expanded the
inclusion criteria to include patients diagnosed with diabetes
longer than oneyear prior to enrollment. Hence, our study cohort
includes adisproportionate number of newly diagnosed diabetes
patients. Most participants were on no diabetes medication or
only a single medication, and the average participant age was
younger than that of the overall population of individuals with
diabetes in Singapore [25]. However, we found no association
between duration of disease and iDAT app trajectory group
membership.

The younger relative age of our study cohort could also be
attributed in part to the larger proportion of the younger
generation owning mobile phones or being familiar with app
usage. The larger representation of Indians and Malays among
our study participants was consistent with the demographic
profile of patients with diabetes in Singapore’s multi-ethnic
population [25].

In appraising patient clinical characteristics, it was not surprising
that average BMI in our study was in the “high risk category”.
Obesity isawell-known risk factor for diabetes and urbanized
Singapore has a rising obesity trend [2]. Average Hbp,level
was relatively high at 8.7% (SD 2.5), indicating that some of
the patients had not been meeting their Hb,targets or due to

late diagnosis of diabetes.

While the medical literature has not been clear in reflecting the
differences in app usage between genders, this topic has been
thoroughly analyzed in marketing research studies so that app
devel opment could be directed toward atargeted audience. Their
results have shown that, while well-known and popular apps
like Facebook and Twitter have equal gender usage, there are
differencesin thetype of appsthat males and femal es download
or use [26-29]. For example, Flurry Analytics, a provider of
mobile business data, found that males were more likely to
download sports and automotive-related content while females
downloaded more shopping catalogue apps [26]. AppAware,
an app company that specializes in recommending apps for
Android users, published an infographic in 2012 showing that
males used more system tools while females preferred word,
brain, and bubble shooting games[27]. However, in the category
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of health and fitness apps, results are not so definitive.
According to data from Apsaar, a mobile analytics and
advertising company, males used health and fitness apps 10%
more than females, but information from Flurry Analytics
showed that women were more likely to download health and
fitness apps[26,28]. Neverthel ess, this demonstrates that gender
can play a role in determining app usage and a
caloric-monitoring app like iDAT may appeal moreto females.
Further in-depth, gender-specific research may be required to
determinewhy females have agreater preferencetowardsiDAT
or aparticular type of app.

Our findings also showed that patients with higher exercise
motivation scores had greater app usage. There are many barriers
to initiating or increasing an exercise routine, so patients who
indicate higher exercise motivation may be more determined
to take active steps toward improving their diabetes, including
more diligent use of the app.

Strengthsand Limitations

Implementation of this study in a primary care environment
void of external pressure or add-on facilitation such as regular
reminders, reimbursements, or financial incentives for
participants to use the iDAT app, underpins its strength. The
study provides insight into the potential of a typical mobile
phone app to reach out to a target group of users in a patient
population. We believe our results provide a good indication
of the extent and pattern of use of this caloric-measuring app
based largely on self-motivation, in a naturalistic “real-world”
setting.

Theanalysiswas|imited by thefact that the app database could
only provide information on app usage on aweekly basis. This
limitation was considered during the study design process and
was accepted on the basis of what we felt were redlistic
expectationsfor participant compliance and diligencein entering
data. A database with daily app input would likely have enabled
a more detailed picture of usage patterns, assuming adequate
participant compliance for daily data entry.

The study has practical implications and applications. Health
care providers who recommend health-related apps alongside
diet and exercise instructions should be aware that only 2in 10
are likely to use the apps and only 1 in 10 is likely to be a
consistent user. Males and those with lower motivation for
exercisearelesslikely to befrequent users of such apps. Further
research is needed to understand the user's psychological
construct in the three trgjectory groups, which will influence
their app adoption. The design, features, and functionalities of
the respective app are other potential factors that can facilitate
or hinder the user’'s engagement with the app and this requires
further investigation.

This inaugural study using LCGM as the modality of analysis
islimited by therelatively small study sample and short length
of observation. However, the information gathered, especialy
the variations in uptake of the app across the three trajectory
groups will inform the design and sample size estimation of a
future study to determine the effectiveness of a
caloric-measuring mobile phone app on clinical outcomesamong
users with diabetes.
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Conclusions determine app utility among a target population. For selected
Our successful, novel application of the statistical method, Paients with diabetes, the iDAT app can serve as an adjunct

LCGM, provides insightful analysis of longitudinal data to tool to facilitate lifestyle changes in conjunction with the usual
' modality of counselling.
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Abstract

Background: Health care systems are gradually moving toward new models of care based on integrated care processes shared
by different care givers and on an empowered role of the patient. Mobile technologies are assuming an emerging role in this
scenario. Thisis particularly true in care processes where the patient has a particularly enhanced role, as is the case of cancer
supportive care.

Objective: This paper aimsto review existing studies on the actual role and use of mobile technology during the different stages
of care processes, with particular reference to cancer supportive care.

Methods: We carried out areview of literature with the aim of identifying studies related to the use of mHealth in cancer care
and cancer supportive care. The final sample size consists of 106 records.

Results: Thereis scant literature concerning the use of mHealth in cancer supportive care. Looking more generally at cancer
care, wefound that mHealth ismainly used for self-management activities carried out by patients. The main tools used are mobile
devices like mobile phones and tablets, but remote monitoring devices also play an important role. Text messaging technologies
(short message service, SMS) have a minor role, with the exception of middle income countries where text messaging plays a
major role. Telehealth technologies are till rarely used in cancer care processes. If we look at the different stages of health care
processes, we can see that mHealth is mainly used during the treatment of patients, especially for self-management activities. It
is also used for prevention and diagnosis, although to a lesser extent, whereas it appears rarely used for decision-making and
follow-up activities.

Conclusions:  Since mHealth seems to be employed only for limited uses and during limited phases of the care process, it is
unlikely that it can really contribute to the creation of new care models. This under-utilization may depend on many issues,
including the need for it to be embedded into broader information systems. If the purpose of introducing mHealth is to promote
the adoption of integrated care models, using mHealth should not be limited to some activities or to some phases of the health
care process. Instead, there should be a higher degree of pervasiveness at al stages and in al health care delivery activities.

(J Med Internet Res 2015;17(2):€26) doi:10.2196/jmir.3757
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mhealth; cancer supportive care; cancer care; new models of care; integrated care; health care process; care delivery value chain
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Introduction

Nowadays, health care systems are facing multiple challenges
that are gradually leading to the adoption of new care models.
Themajority of these new care models are based on ashift away
from mostly large general hospitals with fewer hospital beds
dedicated to acute care and toward the delivery of more health
care services in primary care settings, day care facilities, and
health centers[1].

Thisisalso true for cancer care, especially for the treatment of
itsside effects, known as cancer supportive care whoseintention
isto give patients relief from side effects such as nausea, pain,
and fatigue. More precisely, the main purpose of cancer
supportive care is not to cure cancer, but to manage the
symptoms of cancer. To this extent, cancer supportive care is
part of the treatment phase of the health care process, asit is
usualy given alongside the actual cancer treatment [2].

New care models put greater emphasis on therole of the patient
[3] and are moving toward activities carried out by the patient
on a self-management basis. More specifically, patients are
required to self-manage the side effects of the care processes
they are receiving. On the other hand, there is great emphasis
on the effectiveness of care and on the quality of life. However,
the combination of these two trends pointsto atradeoff between
rising costs and enhancing quality [4] and technology can play
amajor role in the management of this tradeoff [5].

In light of these challenges, it is important to identify the
promise held by mHealth for achieving new care models, as
outlined by decision makers, communications media, and
literature.

According to literature, mHealth hasacrucial roleto play since
it can improve communication and enhance the integration of
care processes[6,7]. Looking at theinternal processesin use at
health care organizations, mHeal th can increase the productivity
of health care providers, and consequently may even improve
the productivity of health care systems[8-11]. Focusing on the
external relations of health care organizations, mHealth can
enhancetransparency [12,13] and so increase the accountability
of health care providers and systems, but it can aso empower
patients [14-16]. Finally, the greatest promise of mHealth isto
enhance the quality of life and the appropriateness of care
[17-19].

Therefore, mHealth can help in the pursuit of new health care
models, requiring a shift from inpatient to outpatient care, also
enabling the delivery of carein rural settings and other places
wherethereisno ready accessto medical personnel [20]. More
precisely, mobile phone-based initiatives can solve several of
the major problems encountered in low-income countries:
distance, limited computer access, and a lack of health care
workers, thus enabling improvementsin terms of efficiency and
lower health care delivery costs[21].

mHealth appearsto complement current transitionswithin health
care models, shifting care from the acute hospital setting to the
home, with technology being used to rationalize and integrate
services, where appropriate, based on the patient’s needs.
Moreover, mHealth can play a significant role in empowering
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patients, giving them the tools to manage their condition and
any associated side effects themselves, in their own home and
without the need for direct supervision by health care personnel
[22].

This paper aimsto review existing studies on the actual role of
mobile technology during the different stages of care processes
and how and why it is used, with particular reference to cancer
supportive care. Thiswill enable usto determine whether using
mHealth actually supports the introduction of new models of
care.

The systematic use of technology in health care can be traced
back to the more comprehensive evolution of information
systems with the gradua automation of structured,
semi-structured, and unstructured processes and activities
[23,24]. As aresult, it is important to determine the types of
data and activities that need to be designed and performed,
because identifying them helps to determine the best
technologies to be implemented.

We should note that mHealth is a broad concept including
varioustypes of mobiletechnologies. It often refersto consumer
health care technologies, such as Web-based information
resources, telephone messaging (short message service/SMS,
multimedia messaging servicelMMS), remote monitoring of
patients, remote interpretation of medical reports,
videoconferencing, and tel ehealth, including the remote services
of a surgeon operating at a distance, and telerobotics [25].

More specifically, the World Health Organi zation [ 26] has stated
that mHealth includestechnol ogieslike mobile phones, personal
digital assistants (PDAS), and smartphones, patient monitoring
devices, mobiletelemedicine/tel ecare devices, MP3 playersfor
mL earning, and mobile computing. Based on this classification,
the category of “SMS’ (or text messaging) should be kept
separate from the broader description of “mobiledevices’, which
will be used to classify smartphones, tablets, and apps. The
difference is based on the distinctive features of the two
categories: SMSisatool to remind patients of an appointment
whereas a “mobile device” is an instrument that is useful for
collecting and processing data. This consideration isalso valid
when referring to the differences between “maobile devices’ and
“mobiletelemedicine/tel ecare devices’. Evenif integrated with
a mobile phone, telemedicine devices are standalone
technologies [26] taking advantage of wireless
telecommunications infrastructures and are defined as “the use
of telecommunications and computer technologies, including
patient remote sensing and monitoring, and the use of telemetry
devices, with medical expertiseto facilitate health care delivery”

(8].

Mobile technology should be introduced in line with the
activities it aims to support. It first supports automation [27],
data collection [10,28], and then operations. However, it can
also support clinical decision making [29], especially monitoring
(eg, pain monitoring) [30], and the planning of activities.
However, most strategic documents on mHealth issued by
international organizations and leading organizations in the
field, and adopted by decision makers, suggest that mHealth
should assist human-executed processes and should play a
fundamental rolein new models of care [31,32].
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If we focus on health care processes, we can examine the
potential role of mHealth in the value chain of caredelivery [5].
mHealth can play a role in all phases of the care delivery
process, supporting prevention, diagnosis, decision, treatment,
and follow-up. Sinceit can support data collection, monitoring,
and new care models, it can contribute to the creation of value
if it is embedded into the entire care process, making a
difference in the way care is delivered and shifting its focus
onto homecare and mabile care.

mHealth can be introduced at each phase of the health care
delivery process in order to support structured activities, such
as data collection, semi-structured activities like monitoring,
and unstructured activities, like assisting human-executed
processes.

The prevention phase uses mobile apps for promoting healthy
habits by scheduling reminders, as well as more unstructured
campaignsthat use mobiletechnologiesfor mLearning activities
aimed at teaching people about diseases.

In the diagnosis phase, mobile technology can facilitate remote
access to patient information, but it can aso help to carry out
more complex and human-executed processesliketel ediagnosis.
Once the diagnosis has been carried out, the clinician has to
make decisions and mHealth can be helpful in several waysfor
decision making—from automated mobilelibrarieswith clinical
descriptions of diseases to the use of mobile technologies for
shared decision making by health care professionals.

Figure 1. Therole of mHealth.
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During treatment, mobile technology can be used to manage a
patient’s symptoms and condition or to enable the patient to do
this himself (self-management), but it can also be helpful for
treating patients at remote | ocations by means of telehealth and
telesurgery equipment.

Finally, after a patient has been treated, fundamental follow-up
activities have to be put in place and these can be supported by
mobile technology, for example, the real-time measuring of a
patient’svital signs or for achieving better and ongoing quality
communication between patients and health care professionals.
Some authors consider the follow-up and “ survivorship phase”
as being strictly connected. The survivorship phase includes
several components, ranging from the prevention of recurrence
or new cancer to the treatment of the consequences of cancer,
including deferred psychological effects[33]. Asthe USIngtitute
of Medicine recommends, survivorship care plans should be
provided to patients at the end of their trestment in order to
improve health-rel ated outcomes such as distress, self-efficacy,
and quality of life [34].

mHealth hasthe potential to make adifferencein terms of better
quality of life, more appropriate care, and less burden on health
care processes, if it is used in its multiple roles, as shown in
Figure 1, throughout the care process, as shown in Figure 2, if
it is embedded in the organization or in the environment where
the health care process takes place, and if it is pervasive in
human executed activities.
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Figure 2. Mobile technologies in the health care process.
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Methods We then applied a“ snowball” method and tracked the articles
whose list of references included the works we considered
fundamental for our research. We retrieved papers and studies
that were published after 1999 in scholarly reviewsand journals
that were not listed in the database at the time of the analysis,
but that were familiar to scholars. We also examined papers
Healthcare Management, and Medicine, with particular reference  PUblished in JAMIA, JMIR, BMJ, Health Affairs, HealthCare
to oncology journas. The first step of our research strategy  Management Review, Health Policy, and Health Policy and
(Table 1, Figure 3) was aimed at identifying and collecting all ~ Technology.
existing studies of mHealth and integrated care focusing on
cancer and cancer supportive care.

We undertook areview of literature in order to understand the
evidence relating to the actual use and role of mHealth,
particularly with regard to cancer supportive care. We reviewed
papers from three bodies of literature: Medical Informatics,

Table 1. Research strategy.

Keywords Generic search using the concept words: “mHealth”, “cancer”, “quality of life”

Specific searches:

“mHealth” (“mHealth” OR “mHealth” OR “mobile health” OR “mobile healthcare”) + “cancer” (cancer OR “cancer care” OR
“cancer supportive care” OR “supportive carein cancer” OR “chemotherapy” OR “side effects’ OR “ adverse effects’ OR “inte-
grated care” OR “cancer integrated care”) “Quality of life” (“quality of life” OR “quality of service” OR “quality of care” OR
“healthcare delivery” OR “healthcare management” OR “care management” OR “health policy” OR “promises’ OR “continuity
of care” OR “lean healthcare” OR “lean health care” OR “lean thinking” OR *“ patient-centered”) + “ performance” (“ performance’
OR “evaluation” OR “impact” OR “assessment” OR “return” OR “promises’ OR “adoption”)

Databases BioMed Central, Business Source Complete, |EEE Xplore, PLOS (One, Medicine and Clinical Trials), PubMed, Science Direct,
Web of Science (which embeds Elsevier, Wiley, IMIR, JAMIA), Cochrane Library

Specific Journals  JAMIA, JMIR, BMJ, Health affairs, HealthCare management review, Health Policy, Health Policy and Technology, Valuein
Health (ISPOR), Journal of Cancer Policy, Academy of Management Journal, Journal of Management studies, Journal of Health
Economics, Health economics, Canadian Medical Association Journal, Health Informatics Journal, Journal of Clinical Oncology
(ASCO), Annals of Oncology (ESMO), Supportive Carein Cancer (MASCC), European Journal of Cancer (published by Else-
vier, officia journal of EORTC, ECCO, EACR and EUSOMA), Critical Reviewsin Oncology and Hematology (ESO), Health
Services Management Review (EHMA), IEEE Antennas and Propagation Magazine, Current Oncology

Inclusion criteria  Peer reviewed published articles
Published since 1999

Exclusion criteria  Grey literature (blogs, newsletters, videos)
Provisional or structured abstracts

Poster sessions, presentations, comments, opinions, discussions, editorials, prefaces, summaries, interviews, correspondence,
tutorials

Studies on psychology, ie, behavioral models and theory of psychology
Studies where mobile health means mobile clinics or mobility of professionals or mobile screening units
Studies or articles with no author

Studies or articles with no abstract
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Figure 3. Research strategy: results.
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Results

Overview of Findings

This section describes the results of our review of existing
studies on the actual role of maobile technology at the different
stages of the care process.

The first finding to be highlighted is that studies mainly refer
to high income countries (50.9%, 54/106) [35,36] and focus
less on low income (8.5%, 9/106) [37] and middle income
countries (3.8%, 4/106) [38]. We should mention that 6.6%
(7/106) of papers refer to different types of countries. A total
of 30.2% (32/106) [14,29] of the selected studies do not refer
to any specific country or region (Figure 4), as they review
literature or describe a specific mobile technol ogy.

Looking at the analysisin greater detail, we examined therole
of mobile technology in health care delivery. As mentioned
above, mHealth can be used for supporting structured,
semi-structured, and unstructured activities, and different
technologies can be introduced as a result. In particular, with
regard to the type of technologies analyzed, our research found

http://www.jmir.org/2015/2/e26/

RenderX

that mobile devices (like smartphones and tablets) and apps are
analyzed by 75.5% (80/106) [14,17,35,36,39,40] of papers,
remote monitoring technologies by 28.3% (30/106) [37] of
papers, and text messaging technologies by 17.9% (19/106)
[36,41] of papers (Figure5). It should be noted that some papers
refer to several types of mobile technologies. We found that
mHealth is mainly used for supporting data collection,
monitoring, and pain management [35,42-44], especially in
cancer supportive care.

These various technologies are not spread evenly across all
areas of theworld: more complex processes and human-executed
activities seem to be more common in high income countries.
This difference can be observed in the technologies adopted;
telehealth technologies are only found in high income countries
for instance [45], whereas text messaging prevails in middle
income countries [38] (Figure 6).

If we look specifically at individual health care processes, we
found that mHealth can play a role in all stages of the care
process, namely prevention, diagnosis, decision, treatment, and
follow-up. However, evidence focuses only on specific phases
and most papers suggest a use for treatment purposes
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[14,35,36,39]. Thisis because the treatment phase includes all
self-management activities carried out by patients[38,46]. Some
papers also suggest a role for diagnosis [21,30,47] and a few
paperslook at prevention [37,41]. A minority of paperslook at
follow-up [8,48] and thereislimited evidence on using mHealth
for decision making [49,50] (Figure 7). Consequently, thereis
scant evidence about using mHealth for integrated care processes
or to support new models of care.

Analyzing the health care process in more detail, we observed
the different types of technology used in the phases of the care
delivery process (Figure 8). The distribution of mabile
technologies used in the different phases of the care process
reflects the distribution shown in Figure 4. In particular, we
noted the predominant use of smartphones and apps
[29,36,37,50] in all phases followed by remote monitoring
devices[20,43], even if fewer papers reported this (Figure 5).

On the contrary, less marked differences were observed for the
decision [49] and follow-up [8] phases. Since maobile devices
like smartphones are used predominantly for self-management
activities, the treatment phase features a high use of this type
of technology [35,46]. Remote monitoring was the second-most
prevailing technology we observed, even if thereisaremarkable
difference compared to the use of mobile devices. Remote

Figure4. Type of country.
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monitoring devices also seem to be used mainly for treatment
[46]. Looking at the decision [49] and prevention [16] phases,
we observed fewer differencesin use, probably becausealimited
number of papers looked at these stages of the care process.

Finally, looking at how the implementation of mobile health
systems is paid for and who pays for it, we noted the whole
range of solutions, evenif literature does not currently examine
this aspect adequately. There are projects [7,37] built entirely
in-house, others that are funded by the European Community
[16,45], and othersrequiring both public and private ingtitutions
[25] to contribute.

Based on our analysis we found interesting results concerning
other types of chronic diseases, such as diabetes, which is
mentioned in 18 of our 106 papers. Together with cancer, stroke,
and chronic obstructive pulmonary disease (COPD), diabetes
ison thelist of the major chronic diseases responsible for more
than 60% of deathsin the world [51]. The mobile deviceisthe
main technology adopted but text messaging and remote
monitoring devices are also used. Larsen [39] showed how a
mobile phonewith apre-configured app and a Bluetooth-enabled
blood glucose meter supported the optimization of insulin
dosage, improving control of blood sugar levels.
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Figure 5. Mobile technologies.
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Figure 7. Paperson the different phases of the health care process.
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Focus on Cancer Supportive Care

Neverthel ess, cancer supportive care remains the main focus of
our research. We found that the role of mHealth in cancer
supportive care does not seem to be sufficiently or adequately
investigated in literature. Even if our search strategy aimed to
look at papersrelated to mHealth in cancer supportive care, our
actual results show that only 59.4% (63/106) of the papers
focused specifically on chronic diseases, a category including
cancer and cancer supportive care (Figure 9).
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Two researchers subsequently screened the records fulfilling
our eligibility criteria (n=63) and excluded those that were not
pertinent. With regard to the exclusion criteria, the researchers
considered certain records as not pertinent after reading the
articles themselves; those that did not match the definitions of
our streams of research were excluded. This section therefore
concentrates on 30 references regarding cancer and cancer
supportive care.
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Figure9. Analyzed diseases.

Acute care, 4

Chronic care;
63

Focusing on cancer supportive care, mobile devices and apps
are the main technology adopted, but text messaging is aso
used. Thismay berelated to the fact that cancer supportive care
revolves mainly around the management of symptoms, and
mobile devices and apps are the type of technology used for the
most part in thistype of activity (Figure 10).

Jaatun [40] analyzed the case of an iPad-based pain assessment
tool, developed with a user-centered design, compared to
paper-based and conventional laptop-based tools.

We daso investigated the Advanced Symptom Management
System (ASyMSA) proposed by Kearney [52]. This system
requires patientsto fill in an electronic symptoms questionnaire
and then immediately sends them written feedback via the
mobile phone interface, including tailored self-care advice
related directly to their symptoms. Patients use a handheld
computer to record and send in daily symptom reports to the
cancer care center and receive instant, tailored symptoms
management advice based on a two-treatment cycle [52].
Finally, Mooney [53] analyzed a daily telephone-linked care
(TLC) system for asingle cycle of chemotherapy and reporting
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on seven common chemotherapy-related symptoms. Using
selected symptom data, symptoms that met a preset severity
threshold generated afax notification of the patient’s symptom
pattern sent to their physician.

Since few papers examined cancer supportive care and focused
mainly on self-management, we looked at cancer care in more
genera terms. Again, smartphones and mobile apps are the most
commonly used technology (Figure 10) [54].

When welooked at the health care processin detail, we observed
the different types of technology used in the phases of the cancer
caredelivery process (Figure 11) and failed to find any specific
differences from the results presented in Figure 8. We again
noted a prevailing focus on treatment activities based on mobile
devices, with the decision and follow-up phases being rarely
analyzed.

Finally, looking at the location where the pilot and case studies
were conducted, we noticed a sharp prevalence of studies
conducted in cancer centers[35,39,52], although thereislimited
evidence.
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Figure 10. Mobile technologies and diseases.
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Discussion

Principal Findings

Our analysis of the use of mHealth in cancer supportive care
revesled that few papers focus on this particular field, despite
the fact that cancer affects more and more people every day.
Looking at cancer care in general, we found that the use of
mHealth is limited to certain technologies and certain phases
of the care process. In particular, we observed that the main
technology used consists of mobile devices, and the most
explored stage in the health care process is the treatment phase.

The prevalent use of smartphones and remote monitoring
devicesindicates that mHeal th typically supportsthe automation
of processes, focusing on structured activities, such as the
automatic transmission of a patient’s vital signs, and in some
cases on semi-structured activities. Consequently, it seems that
remote monitoring devices are used mainly in the treatment
phase, even if thistype of technology could aso be used in the
follow-up phase.
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Unstructured activities, mainly consisting of human-executed
activities, are supported by mobiletechnology to alesser degree,
as we found for telehealth and remote surgery.

Regarding the stagesin the health care process, not all of them
feel the impact of mHealth. The use of mobile technologies
concentrates on the treatment phase, mainly because of the
extensive use for self-management activities. On the other hand,
the decision, prevention, and follow-up phases are hardly
affected by the use of mobile technologies, both for cancer and
diabetes cases, but this can be explained by the fact they are
also the least analyzed by selected literature.

In introducing mHealth, it should be remembered that some
uses of mHedth have limited potential. For instance,
productivity and efficiency goals can be met if mHealth isused
for data collection or to support structured activities. Goals,
such as improved effectiveness, can be met if it is used to
support clinical decision making, for example, more prompt
decison making with an impact on increasing the life
expectancy of a cancer patient.

JMed Internet Res 2015 | vol. 17 | iss. 2 |e26 | p.108
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Consequently, if the objective of mHealth isto contribute to an
organization’s efficiency, in terms of cost cutting and time
saving, it can be used to support data collection in areliable,
accurate, and validated way. If the objective is to reduce the
length of hospital stays or re-hospitalization rates, it should be
embedded into care process activities. Along with productivity
and efficiency goals, mHealth can also make a contribution to
the outcomes and results achieved, mainly related to the patient’s
perspective and the benefits they can achieve by means of
mobile technologies. The concept of the quality of life thus
gains importance and is mainly related to improvements to a
patient’s health and behavior.

Conclusions

Theresultsof our analysis show that mHealth isabroad concept
that can have several usesand different degrees of pervasiveness
inthe health care process. Nowadays, mHealthisused in various
fields related to chronic diseases, such as diabetes and cancer.
However, it is still underutilized in cancer supportive care
compared to its potential contribution and mHealth will only
be able to support new models of careif it has ahigh degree of
pervasiveness and awider range of applications. Since mHealth
isused for limited purposes and only in some stages of the care

Nasi et al

process, it is unlikely that it will make a real contribution in
achieving new models of care.

This underutilization may depend on many issues, including
environmental, regulatory, technological, organizational, and
opportunistic questions [55]. It may also depend on the vision
shared by health care providers with regard to the actua
potential of mHealth and other technologies if applied to care
processes, and the strategy they put in place in order to move
in that direction. This underuse of mHealth could be due to a
failure to embed it into broader information systems [56].

We suggest that we need a better understanding of the reasons
for introducing mHealth: if the aim is to achieve integrated
models of care, using mHealth should not be limited to certain
activities or phases of the health care process. Together with
other technologies, mHealth can really make a difference by
enhancing performance [57,58] and improving the quality of
life of cancer patients. However, this implies adequate use as
part of the care process, along with adequate vision, systematic
and consistent use, and alignment with the actual objectives
that organizations, decision makers, and stakeholders [59,60]
really want to achieve with the use of mHealth and any other
technologies.
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Abstract

Background: Adherence to chronic disease management is critical to achieving improved health outcomes, quality of life, and
cost-effective health care. As the burden of chronic diseases continues to grow globally, so does the impact of non-adherence.
Mobile technologies are increasingly being used in health care and public health practice (mHealth) for patient communication,
monitoring, and education, and to facilitate adherence to chronic diseases management.

Objective:  We conducted a systematic review of the literature to evaluate the effectiveness of mHealth in supporting the
adherence of patients to chronic diseases management (“mAdherence’), and the usability, feasibility, and acceptability of
mAdherence tools and platformsin chronic disease management among patients and health care providers.

Methods: We searched PubMed, Embase, and EBSCO databases for studies that assessed the role of mAdherence in chronic
disease management of diabetes mellitus, cardiovascular disease, and chronic lung diseases from 1980 through May 2014.
Outcomes of interest included effect of mHealth on patient adherence to chronic diseases management, disease-specific clinical
outcomes after intervention, and the usability, feasibility, and acceptability of mAdherencetools and platformsin chronic disease
management among target end-users.

Results: Inall, 107 articlesmet all inclusion criteria. Short message service was the most commonly used mAdherence tool in
40.2% (43/107) of studies. Usahility, feasibility, and acceptability or patient preferences for mAdherence interventions were
assessed in 57.9% (62/107) of studies and found to be generally high. A total of 27 studies employed randomized controlled trial
(RCT) methods to assess impact on adherence behaviors, and significant improvements were observed in 15 of those studies
(56%). Of the 41 RCTs that measured effects on disease-specific clinical outcomes, significant improvements between groups
were reported in 16 studies (39%).

Conclusions: Thereispotential for mHealth toolsto better facilitate adherence to chronic disease management, but the evidence
supporting its current effectiveness is mixed. Further research should focus on understanding and improving how mHealth tools
can overcome specific barriers to adherence.

(J Med Internet Res 2015;17(2):€52) doi:10.2196/jmir.3951

KEYWORDS

telemedicine; mHealth; maobile health; patient compliance; patient adherence; chronic disease; diabetes mellitus; cardiovascular
diseases; lung diseases
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Introduction

Chronic diseases are the most common causes of death and
disability worldwide [1]. Chronic disease management often
requires a long-term care plan. Adherence to chronic disease
management is critical to achieving improved health outcomes,
quality of life, and cost-effective health care[1]. A World Health
Organization review of adherence behaviors noted that,
“increasing adherence may have agreater effect on health than
improvementsin specific medical therapy” [2]. With an average
adherence rate of only 50% among patients with chronic
diseases, non-adherenceisaserious challengeto chronic disease
management [3]. The extent of non-adherence is even higher
in developing countries[3-5]. Thelong-term nature and frequent
need for continuous monitoring in chronic disease management
gaveriseto early developmentsin telehealth and telemonitoring.
These innovations, which seek to improve chronic disease
management and prevent death and disability, are improved by
ongoing technological advancements.

One such advancement is mHealth—health care and public
health practice supported by mobile devices [6]. Close to
three-quarters of the world’s population has accessto amobile
phonewith increasingly powerful technical capacities[7]. More
than 6.9 billion mabile subscriptions were in use as of May
2014, 5.4 hillion of which were in developing countries [8].
Based on their popularity, availability, portability, and
technological capacity, mobile phones and mHealth have
enormous potential to impact chronic disease management
around the globe. A World Health Organization survey of global
mHealthinitiatives published in 2011 reported a“ groundswell”
of activity in both developed and developing countries [6].
Mobile technologies such as phones and wireless monitoring
devices are increasingly being used in health care and public
health practice for communication, data collection, patient
monitoring, and education, and to facilitate adherenceto chronic
disease management [6]. mHealth devices can improve service
delivery and impact patient outcomes [6]. Sensors and
context-awareness features allow for individualization and
real-time information submission delivery. Moreover, the strong
attachment people have to mobile phones and the tendency to
carry them everywhere, opens up opportunities for continuous
symptom monitoring and connecting patients with providers
outside of health care facilities.

While the growing popularity of mHealth is evident, itsimpact
isnot. The reported impact of mHealth interventions is mixed,
with studies showing modest benefitsfor someclinical diagnosis
and management support outcomes[9,10]. Studies have shown
the positive impact of mHealth on adherence-related behavior
among patients with human immunodeficiency virus (HIV) and
tuberculosis. For example, short message service (SMS)
appointment reminders have led to an increase in attendance
among children exposed to or infected with HIV in Cameroon
[11]. However, criticism of mHealth includesitsimplementation
through small pilot initiatives that address a single disease or
issuein service delivery and lack of globally accepted waysto
evaluate effectiveness [7]. Systematic reviews to date are
indicative of mHealth’'s segmented nature, which may include
a single technology or a single chronic disease or a specific
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mHealth application [12-14]. Another review, focused on the
impact of SMS interventions, found that text messaging
increased adherence to antiretroviral trestment with reductions
inviral load and biochemically verified smoking cessation, yet
these effectswere “ small and of borderline clinical importance”
[9]. A more comprehensive Cochrane review assessed the health
impact of SMS on any type of long-term illness, but found only
four comparative effectivenesstrials able to address the impact
of mobile services on self-management [14]. Moreover, the
literature search did not go past 2009, and we are unaware of
any updates.

The impact of these mHealth tools on adherence to treatment
regimens may be overlooked, as mHealth promoters are eager
to demonstrate their effect on clinical outcomes (eg, morbidity,
mortality, and biometric markersof clinical disease). Adherence
to treatment, and specifically adherence to treatment of chronic
diseases, isacritical link that connects the promise of mHealth
to the ultimate goal of improved clinical outcomes. Thisreview
builds the evidence base of mHealth by updating previous
reviews and assessing abroad range of outcomesfrom usability
to impact on health outcomes. This enables us to consider
mHealth tools at all stages of development and gauge the
effectiveness of mHealth interventions across a range of
technologies and chronic diseases, many of which have
overlapping treatment regimens and require similar adherence
behaviors. This review aims to evaluate the effectiveness of
mHealth in supporting adherence of patientsto chronic disease
management—uwhich we call “mAdherence’—and the usability,
feasibility, and acceptability of mAdherencetoolsand platforms
for chronic disease management.

Methods

Overview

We undertook a systematic review of mHealth interventions
used to facilitate adherence to chronic disease management.
The chronic diseases included are diabetes mellitus (DM),
cardiovascular diseases (CVDs), and chronic lung diseases
(CLDs). CVDs include hypertension (HTN), coronary artery
disease, and congestive heart failure. CL Dsinclude asthmaand
chronic obstructive pulmonary disease (COPD). These chronic
diseases were chosen based on their high global burden [15].
Our definition of mHealth was adopted from the Global
Observatory for eHealth definition: “medical and public health
practice supported by mobile devices’ [6]. We use the term
“mAdherence’ to refer to any use of mHealth tools by patients
and health care providers to improve adherence to chronic
disease management. Given the comprehensive nature of chronic
disease management, this review goes beyond defining
adherence as compliance with atreatment regimen and includes
a wide range of interventions, such as medication reminders,
symptom monitoring, educational tools, and facilitated
patient-provider communication [16].

Employing Boolean phrases, we searched PubMed, Embase,
and EBSCO databases for studies that assessed the role of
mAdherencein chronic disease management of DM, CVD, and
CLD. MeSH terms (Medical Subject Headings) and advanced
search-builder features were used for the PubMed searches.
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Emtree terms using the explosion function to extend the search
were employed to build amulti-term query along with advanced
searches in Embase. Finally, CINAHL, Psychinfo, and
PsychArticles were included for searches in the EBSCO
database. EndnoteWeb was used for sorting and removal of
duplicates. We searched databases for articles published from
1980 through May 2014.

Inclusion and Exclusion Criteria

We included original research published in peer-reviewed
journals that evaluated mHealth tools for effect on patient
adherence to chronic disease management, disease-specific
clinical outcomes, and usahility, feasibility, and acceptability
features. mHealth interventions aimed at improving chronic
disease management were included even if the research did not
address adherence specifically. Usability, feasibility, and
acceptability studiesthat focused on the design and devel opment
stages of mAdherence interventions were included as a
necessary precursor to future evaluation. Studies that measured
adherence included outcomes such as use of the mHealth tool
for monitoring and reporting symptoms, compliance with
medication regimens, and engagement in healthy behaviors.
Studies that focused on clinical measures, such as hemoglobin
Alc (HbAlc) or blood pressure (BP), were included, as
improved clinical outcomes are the eventual goal of improving
adherence and often indicate adherence to chronic disease
management indirectly. Allowing for flexibility in the outcomes
measured was necessary for an inclusive view of mAdherence
technologies in all stages of design, development, and
eva uation.

mHealth included any mobile device or service, such asmobile
phones, SMS, smartphones, persona digital assistants, and
devices that work on wireless technology or
Bluetooth-compatible devices. These devices and services
allowed patients to monitor their heath, access hedth
information, and communicate with their health care provider
without requiring a wired connection to the Internet. We
included interventions delivered using a Web-based platform
only if it was specified that the patient accessed the service via
a mobile phone or other mobile device. It was required that
patients be the primary users of the mAdherence tools.

Only articles reporting that the mAdherence intervention was
designed for secondary prevention targeting chronic disease
patients were included. We excluded reports of studies on
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primary prevention among healthy or at-risk groups. We also
excluded articles regarding interventions that were not tested
in a sample population with clearly described methods and
results. In addition, review articles, editorials, commentaries,
dissertations, poster presentations, abstracts only, proposalsfor
future studies, study protocols, and descriptive articles
describing new tools but not testing them in asample population
were excluded. Publication language was restricted to English
only.

Data Extraction and Analysis

Publicationswereinitially screened for potential inclusion based
on simultaneous review of title and abstract by two reviewers.
Any discrepancies were resolved by consensus among the
researchers. Information including objectives, types of mobile
technology used, role of mAdherence toolsin chronic diseases
management, setting, study sample characteristics, outcomes
measured, and results reported were extracted using Microsoft
Excel. Studieswere organized for analysis based on the primary
objective of the study and the key outcomes measured.
Outcomes were organized into qualitative usability, feasibility,
and acceptability of the mAdherence tool or platform among
target end-users, the effect of mAdherence on patient adherence
to chronic diseases management, and disease-specific clinical
outcomes of the mAdherence intervention. We performed
descriptive analyses of the data and summarized the findings
from these studies, with emphasis on statistical resultsreported
in randomized controlled trials (RCTs). We highlighted
differences between groups when these results were available.

Results

Summary

In all, 638 articles were retrieved in full text and assessed for
eligibility. Based on the search criteria, 531 articles were
excluded. Of the excluded articles, many did not meet the study
design criteria (n=225) or did not align with the definition of
mHealth used here (n=199). A total of 60 articles were beyond
the scope of the chronic diseases considered in this review, and
116 articles did not include any adherence component. An
additional 20 articles were excluded because they were not
available in English or a full text version was not obtainable
despite all reasonable attempts. A total of 107 articles met all
inclusion criteria. Figure 1 illustrates the selection process.
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Figure 1. Study selection process.
Articles retrieved in full text and
assessed for eligibility
n=4a38
Articles that did not meet
inclusion criteria
Articles included for review gl
n=1072

Diabetes mellitus = 67
Cardiovascular diseases =27
Chronic lung diseases = 19

281x articles studied both diabetes mellitus and cardiovascular diseases.

Study Characteristics

Publication years ranged from 2003 to 2014, with an overall
increase in articles published more recently (Figure 2). None
of the studies published before 2003 met our inclusion criteria.
A total of 34.6% (37/107) of studies were conducted in the
United States, followed by 10.3% (11/107) in the United
Kingdom, and 10.3% (11/107) in South Korea (Figure 3). Of
note, only one study was conducted in India, onein China, and
onein Africa

Table 1. Study designs by chronic disease (n=107).

RCTs (46.7%, 50/107) that assessed the differences between
mAdherencetools or between an mAdherence tool and standard
carewere the most common study design. DM (62.6%, 67/107)
interventionswere the most common, followed by CVD (25.2%,
27/107) and CLD (17.8%, 19/107) interventions (Table 1). Six
studies targeted both DM and CVDs and were included in both
categories. Study durations ranged from just a few hoursto 18
months, with an average duration of around 6 months. Sample
sizes also varied widely, ranging from 4 to 710 participants.

Cardiovascular disease,n (%) Chroniclung diseases,n (%)

Study design Diabetes mellitus,n (%)
Randomized controlled trial 292 (27.1%)
Descriptive/feasibility 16° (15.0%)

L ongitudinal/Pre- and Post- 7 (6.5%)
Quasi-experimental 8 (7.5%)

Crossover 7 (6.5%)
Retrospective 0 (0%)

Total 67 (62.6%)

172 (15.9%) 9 (8.4%)
2P (1.9%) 9 (8.4%)

6 (5.6%) 0 (0%)

1 (0.9%) 1(0.9%)

0 (0%) 0 (0%)

1 (0.9%) 0 (0%)

27 (25.2%) 19 (17.8%)

Five articles included here considered both cardiovascular disease and diabetes mellitus.
bone article included here considered both cardiovascular disease and diabetes mellitus.
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Figure 2. mAdherence studies published over time.
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ethnic and racia groups, and low-income adults. The
mAdherence Users group

Severd of the studies focused on the use of mAdherence tools
by vulnerable, hard-to-reach, or otherwise high-risk patient
populations. Thisincluded el derly patients, members of minority
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characteristics of the target user group was often the impetus
for the development of the mAdherence tool. For example,
researchers noted that travel to a health care provider’s office
can be difficult for older patients, and that mAdherence tools
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could lessen that burden [17]. Some studies also considered
specific design considerations, such as larger device screens,
that could make mAdherencetools easier to use by older adults
[18]. In genera, mAdherence tools targeting low-income,
elderly, and minority groups were found to be usable with high
satisfaction ratings [17-21]. In most of these interventions,
mobile phones or other devices were either provided to users
or considered a requirement for study participation. In a study
that did not provide a mobile device to participants, access to
mobile phones was noted to be a significant barrier [22].

In a study addressing the lack of knowledge in designing
mHealth interventions for low-income and racial or ethnic
minoritieswith DM, the authors noted that very littleis known
about decisions made in the mHealth design process for these
patient populations [23]. An iterative design process involving
systems and content development and multiple stages of user
experience testing was recommended as a template for future
mAdherence tools aimed at similar patient populations [23].
Ultimately, it appears that diverse individuas can use
mAdherence tools as long as the tools are tailored to the needs
of the popul ation and sufficient training and support are provided
[18,23].

M obile Tools Used in mAdherence

For the purposes of this analysis, we classified mAdherence
toolsand platformsinto four main categories: SMS; phone plus
software or application; phone plus specific instrument (medical
device connected to phone via a cord); or phone plus wireless
or Bluetooth-compatible device (Figure 4). SMS interventions
require the least sophisticated hardware and can be used to
transmit simple information from patients on their personal
phones. Specialized software or applications including patient
portals, management systems, and other complex
communication platformsrequireonly acommercially available
smartphone. Here, patients generally need to manually input
information. Wireless or Bluetooth-compatible refersto medical

Figure 4. Types of mobile tools used in mAdherence.

4%

40%

13%

Study Outcomes and Indicators

Multiple outcome measures were used to evaluate mAdherence
depending on stated study objectives. For the purposes of this
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devicesused by patientsthat transmit information wirelessly to
mobile phones and computers for viewing by both patients and
health care providers. Phones plus a specific instrument require
additional medical hardware usualy not available on a
commercia smartphone.

SMS (40.2%, 43/107) was the most commonly used tool and
the primary platform. SMS facilitated patient-provider
communi cation, medication reminders, and data collection and
exchange on disease-specific measurements, aswell asdelivered
patient education and motivation [24-26]. It isimportant to note
that while SMS was often a feature of more complex
patient-provider communication platforms, the 40.2% (43/107)
of studies here used SMS exclusively. The next most common
mAdherence tool was specialized software or asmartphone app,
used in 23.4% (25/107) of studies. Use of specialized software
applications was high among patients with DM. For example,
mAdherence software could beinstalled on the patient’smobile
phone to help remember to check symptoms, maintain a food
diary, or connect patientsto DM educatorsin real time.

A wireless or Bluetooth-compatible device was used in 17.8%
(19/107) of studies and a specific instrument connected to a
phone, such as ablood glucose (BG) meter, was used in 13.1%
(14/107) of studies. These mAdherence programs focused
mainly on a combination of devices such as an
electrocardiogram, BP monitor, and weighing machine with a
wireless or Bluetooth interface, thusfacilitating transfer of data
automatically without requiring the patient to manually submit
the data [27]. Data could then be reviewed by the health care
provider and used to recommend an appropriate course of action.
In some systems, automated criteria-based alerts were created,
initiating an immediate response from the provider when
measurements fell outside the target range [27,28]. CVD
mAdherence programs also alowed for supervised cardiac
rehabilitation by a remote monitoring system for those unable
to access hospital-based programs [19].

= SMS

= Video messaging

Phone plus software or application

= Phone plus specific instrument

= Wireless or Bluetooth-compatible device

Other: pager, interactive voice response,
electronic medication monitoring, non-phone
portable devices

analysis, the outcomes are organized into three categories:
usability, feasibility, and acceptability of the mAdherencetool;
effect of the mA dherence intervention on adherence to chronic
disease management; and effect of the mAdherence intervention
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on disease-specific outcomes. In all, 62 studies (57.9%, 62/107)
assessed usability, feasibility, and acceptability using qualitative
methods and compiled usage data. These data ranged from
patient satisfaction to cost-effectiveness estimations as well as
timing and frequency of engagement with mobile tools and
platforms. A total of 73 studies (68.2%, 73/107) evaluated the
effect of an mAdherence intervention on adherence to chronic
disease management, including medication adherence,
engagement in healthy behaviors, frequency of symptom
monitoring, and gainsin knowledge and perceived self-efficacy.
A total of 60 studies (56.1%, 60/107) assessed the effect of
mAdherence on disease-specific clinical outcomes. Common
clinica outcomes for DM included HbA1c, frequency of
hypoglycemic events, and changes in insulin dosage. CVD
measurements included changes in BP, lipid profile, and other
biomarkers, aswell as CVD risk profile. Examples of improved
management of CLDs included indications of lung function,
use of nebulizers, and exercise tests.

Usability, Feasibility, and Acceptability

A total of 57.9% (62/107) of studies assessed usability,
feasibility, and acceptability or patient preferences for
mAdherence interventions. In general, the studies found
mAdherence tools and platforms to be usable, feasible,
acceptable, and appreciated among users. Themgjority of studies
focused on the patient as the end-user of mAdherence, though
some also looked at acceptability from the provider perspective.
Features of mAdherence tools such as automated reminders,
text messageswith educational and motivational content, healthy
living challenges, and wirel esstransmission of data contributed
to increased self-care awareness and knowledge about chronic
diseases [29-33]. mAdherence tools facilitated better
management and improved patient confidence to monitor
chronic diseases, making the patients feel in control and
strengthening coping mechanisms [34]. Patients expressed
feeling reassured, with decreased anxiety, knowing that their
health symptoms were regularly monitored [28]. Often, having
the mAdherence system as an interface between the patient and
the provider was perceived asless burdensome and judgmental
compared to face-to-face contact, particularly in situations in
which the patients were not fully adherent to the recommended
treatment [34].

The feasibility and acceptability of mAdherence tools were
evaluated across diverse patient populations, including
low-income, bilingual  populations, and otherwise
difficult-to-reach patients. The mgjority of participantsincluded
in these studies reported good comprehension and satisfaction
[20,21,35-37]. For example, both adolescent patients with DM
and their parents perceived that using an mAdherence system
increased the adolescent’s independence and confidence in
disease management [25,37,38]. Adolescent patients gave high
ratings regarding the usefulness and feasibility of mAdherence
systems to help them remember to take their medications and
be attentive to their symptoms [21,25,26,36,39]. Parents of
adolescent patients appreciated the decreased burden of
reminding their children to perform required testing and self-care
and noted decreased parent-adolescent conflict [25]. Among
elderly populations, mAdherence was accepted and considered
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especially useful among older patients living alone and/or with
memory issues[17]. One study found that the use of themHealth
DM tool studied was conditioned by gender [40]. Men and
women were motivated by different priorities in their dietary
self-efficacy and wanted different information, and the authors
urge that gender be taken into account for future mHealth
interventions. Physician providers also favored an mAdherence
system that provided patient data and supported clinical
decision-making [28].

Though mAdherence tools were generally accepted, patients
and providers documented a number of negative elements and
perceptions. Patients' primary concerns included dependence
on professional supervision, unnecessary medicalization, and
undue anxiety if technology failed [30,34]. Difficulty in
understanding and using the technol ogy were reported, including
technical issues such astoo many menus to navigate and small
buttons on the maobile phone [31]. Some patients who had not
used smartphones before found them frustrating to use [32].
Among providers, concerns included the amount of time and
effort required to review data and respond in time [41]. While
studies confirmed that mAdherence tools are feasible in
low-income populations, cost remains a barrier to more
widespread use [22]. Factors such as the cost of implementing
the system, increased clinical workload and workflow,
maintaining up-to-date records, and concerns about being
supervised and depending too much on technology were some
of the main concernsregarding implementation of mAdherence
interventions [28,30,34].

Impact on Adherence

Only the subset of studies that employed a randomized
comparison between two groups was included in this analysis.
Descriptive studies and studiesthat did not invol ve acomparison
group were excluded, as their diverse designs and methods
prevented meaningful comparisons. Of the 27 RCTs that
measured the effect of mAdherence on adherence behaviors, a
statistically significant change or difference between groups
(P<.05 to P<.001) was observed in 15 studies (56%) (Table 2).
Multimedia Appendix 1 provides an overview of the methods
and outcomes of these studies [18,33,35,37,42-64].

Two studies (4%, 2/27) found mixed resultsand 10 (37%, 10/27)
showed no difference. Use of daily SMS reminders for
medication intake with and without real-time medication
monitoring showed significant improvements in patient
adherence rates [42-46]. Text messaging tailored to counteract
negative beliefs about asthma and education to overcome
external barriers were associated with improved adherence to
medication [43,47]. One study demonstrated the dual benefits
of both better access to patient data and mobile coaching [65].
For adolescent patients with DM, employing automated,
scheduled SM'S programs providing motivational support was
associated with improved adherence, understanding, and
attention to DM care [45/48]. SMS natifications were
particularly effective in increasing adherence to medication
after a cardiac event [49,50]. Notably in one study, the use of
an electronic blister pack with SM'S communication significantly
improved adherence to DM medication only and not to other
types of medication [51].
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Significant effect,n (%) No significant effect,n (%) Mixed results,n (%) Total
Diabetes mellitus 72 (50%) 5 (36%) 2 (14%) 142
Cardiovascular disease 5% (83%) 1(17%) 0 (0%) 6%
Chronic lung diseases 4 (50%) 4 (50%) 0 (0%) 8
Total adherenceoutcomestudies 15 (56%) 10 (37%) 2 (7%) 27

One articleisincluded herein both cardiovascular disease and diabetes mellitus.

Impact on Clinical Outcomes

In al, 41 studies (38.3%, 41/107) evaluated the impact of
mAdherencetoolson clinical outcomes (Table 3). Of the RCTs
that measured the effect of mAdherence on disease-specific
clinical outcomes, significant differences between groups (P<.05
to P<.001) were reported in 16 studies (39%, 16/41). No
significant differences were found in 14 studies (34%, 14/41),
and mixed results were observed in 11 (27%). Multimedia
Appendix 2 provides an overview of the methods and outcomes
o f t hese studies
[18,23,27,30,33,35,39,42,43,45,46,48,49,52-55,57-61,65-83].

A total of 26 of the RCT interventionswererelated toimproving
DM management and care. Significant improvements in
DM-specific clinical outcomes such as BG, HbAlc, and
two-hour postprandial BG were reported in 11 studies (42%,
11/26). Both adolescents and elderly patients receiving messages
with tailored instructions on DM care experienced statistically
significant improvements in their HbAlc levels
[18,31,45,46,66,67,84]. A totad of 13 studies evaluated
mAdherence tools for CVDs. Significant improvements in
clinical outcomes such as BR, weight, and lipid profile were
reported in 7 studies (54%, 7/13). In one study, SMS enabled

Table 3. Effectiveness of mAdherence on clinical outcomes (n=41).

interactive monitoring so that the provider could set reminders
for patients with HTN, collect data, and schedule visits for
treatment adjustments [68]. This resulted in 77% of patients
achieving goal BP levels. Pairing data transfer with a
criteria-based alarm system that alerted and initiated contact
from the physician was associated with a significant decrease
in systolic BP [27]. Significant reduction in BP was aso
observed among HTN patients using an electronic salt sensor
and mobile phone [69]. Patients with risk factors for coronary
artery disease showed significant improvement after using an
mHealth system consisting of an automatic sphygmomanomete,
BG and lipid meter, and mobile phone [70]. Four interventions
were designed to improve outcomes for patients with both DM
and CVD and haf these studies showed significant
improvements in clinical outcomes, including HbA1c and BP
control [71-74]. Mixed resultsin CLD clinical outcomes, mainly
lung function parameters, were reported in 3 (50%) of 6 RCTs
that evaluated mAdherence for CLD, and the other 3 RCTs
found non-significant results. SMS interventions improved
cough symptomsand sleep quality [52]. Among COPD patients,
use of maobile phones installed with music software to record
respiratory symptoms during their exercise training showed a
significant increase in the walking distance of the incremental
shuttle walk test compared to the control group [53].

Significant effect,n (%) No significant effect,n Mixed resultsn  Total
(%) (%)
Diabetes mellitus 113 (42%) 9 (35%) 6% (23%) 26°
Cardiovascular disease 72 (54%) 2 (15%) 42 (31%) 13°
Chronic lung diseases 0 (0%) 3 (50%) 3 (50%) 6
Total clinical outcome studies 16 (39%) 14 (34%) 11 (27%) 41

#Two articles are included here in both cardiovascul ar disease and diabetes mellitus.
bFour articles are included herein both cardiovascular disease and diabetes mellitus.

Discussion

Principal Findings

The evidence presented here indicates that while the potential
of mAdherencetoolsishigh, their implementation and execution
ismixed. In all, 50 of the studies employed RCT methodol ogy,
and of those, just more than half demonstrated significant effects
on adherence (56%) and less than half (40%) on clinica
outcomes. SMS is the mHealth tool most widely, frequently,
and successfully used to facilitate adherence to chronic disease
management. Able to be used by those with little technology
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experience or familiarity, SM S can be made availablerel atively
inexpensively on any mobile phone, and can be automated,
personalized, and easily integrated into existing health systems.
However, it is highly operator dependent, relying on the active
engagement of patients and providersto monitor symptomsand
exchange information, and there is clearly room for
improvement. The freedom and portability of mobile devices
combined with the advanced capacity to facilitate two-way
communication and collect and analyze data for a real-time
response offer enormous potential to patients and providers.
The potential complexity of today’s mAdherence tools and the
mixed evidence in support of their effectiveness call for a
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renewed focus on understanding the connection between patient
experience, adherence, and health outcomes.

Morethan half of the studies employed qualitative methods that
yielded rich data that can be used to better understand how and
why mAdherencetoolsimpact adherence behaviorsand clinical
outcomes. User feedback can inform hypotheses that can then
be tested. There is a growing understanding of barriers to
adherence and ways to overcome them. mAdherence tools
should be conceived, designed, developed, and evaluated with
these barriers in mind. Research that seeks to understand how
and why mAdherence workswill deliver on the broader promise
of mHealth. Future mHealth tools will be able to draw on the
knowledge generated when discrete hypotheses around the
relative importance of, for example, patient-provider
communication, optimal user-interfaces, or targeted motivational
messages aretested. Thiscould lead to better mAdherencetools
that deliver improved health outcomes.

Thisreview found that the usability, feasibility, and acceptability
of mHealth tools for chronic disease management adherence
were generaly high among both patients and providers.
Innovative mAherence tools could unintentionally increase
health disparities due to unequal access to technology.
Vulnerable, hard-to-reach, or otherwise high-risk patient
populations were the target audiences for several mAdherence
interventions. There is a clear recognition that mHealth tools
have the potential to impact patients who are less inclined to
engage traditional health services. mAdherence offersaway to
address barriers to care and to reduce health disparities. There
is also some recognition that unequal access to, use of, and
knowledge of information and communication technology can
influence the uptake and use of mHedlthtools. Theseinequalities
and the needs of the target user group should be taken into
consideration early in the design and development of the
mAdherencetool. However, none of the studiesincluded in this
review addressed systematic differences in usability between
diverse patient groups. Future research can be designed to better
understand these differences and to encourage the devel opment
of mAdherence tools that address the needs of diverse patient
groups.

Of note, few studies take serioudly the issue of cost. In many
of the small pilot studies, expensive devices or vouchers were
given to study participants. When implemented at scale,
interventions that use patients' existing mobile devices rather
than relying on gifted deviceswill go further toward explaining
feasibility and improving adherence. Though currently
concentrated in the developed world, pockets of mAdherence
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innovations are expanding around the globe. As developing
countries work to address the burden of chronic disease, they
may look to the potential of mHealth to lessen that burden. Part
of that potential is to reduce costs and expand outreach. More
mAdherence studies from resource-limited settings, especially
in Africa and Asia, are needed. Rigorous cost-effectiveness
analyses will be necessary to demonstrate not only the health
impact but also the value of investing in these innovations now.

Besides cogt, language, and literacy barriers, availability and
connectivity issues are also potential barriers to consider.
Perhaps most critically, if adherence to chronic disease
management is not encouraged and actively practiced, itisvery
unlikely that mAdherence will be successful. mHealth toolsare
communication platforms and delivery mechanisms, not
solutions in and of themselves. mAdherence will only work
wherethereisalready afunctioning adherence programin place.
Our review demonstrates that mAdherence can play akey role
in trand ating mHealth technol ogiesinto better health outcomes.
Thisroleisbecoming moreexplicit asmHealth research moves
forward.

Limitations

There are limitations to this systematic review. It is not a
meta-analysis, and we did not weigh the quality of evidence or
study design against reported results. We also did not include
non-English literature, and some of the studies included asfew
as four participants. The diversity of study objectives, designs,
and outcomes made clear comparisons difficult and the quality
of evidence was variable.

Our review expands the current evidence base regarding the
impact of mHealth on chronic disease management adherence
by including common chronic diseases, extending the definition
of mHealth beyond SM S to other types of mobile and wireless
communication, and by assessing both self-management
outcomes and the nascent literature regarding mHealth
feasibility, usability, and acceptability.

Conclusion

mAdherence is a potentia high-impact tool to improve health
outcomes among those living with chronic diseases through
enhanced chronic disease management adherence. Further
evaluation of mAdherence tools will be critical, especialy
research that informs how these tools overcome barriers to
chronic disease management. More innovation, optimization,
and high-quality research in mAdherence has the potential to
transform the promise of mHealth technology into the reality
of improved health care delivery and outcomes.
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Abstract

Background: Wikis may give clinician communities the opportunity to build knowledge relevant to their practice. The only
previous study reviewing a set of health-related wikis, without specification of purpose or audience, globally showed a poor
reliability.

Objective: Our aim was to review medical wiki websites dedicated to clinical practices.

Methods: We used Google in ten languages, PubMed, Embase, Lilacs, and Web of Science to identify websites. The review
included wiki sites, accessible and operating, having atopic relevant for clinical medicine, targeting physicians or medical students.
Wikis were described according to their purposes, platform, management, information framework, contributions, content, and
activity. Purposes were classified as “encyclopedic” or “non-encyclopedic”’. The information framework quality was assessed
based on the Health On the Net (HONcode) principles for collaborative websites, with additiona criteria related to users
transparency and editorial policy. From a sample of five articles per wikis, we assessed the readability using the Flesch test and
compared articles according to the wikis' main purpose. Annual editorial activities were estimated using the Google engine.

Results: Among 25 wikisincluded, 11 aimed at building an encyclopedia, five atextbook, threelessons, two oncology protocols,
oneasinglearticle, and three at reporting clinical cases. Sixteen wikiswere specialized with specific themes or disciplines. Fifteen
wikis were using MediaWiki software as-is, three were hosted by online wiki farms, and seven were purpose-built. Except for
one MediaWiki-based site, only purpose-built platforms managed detailed user disclosures. The owners were ten organizations,
six individuals, four private companies, two universities, two scientific societies, and one unknown. Among 21 open communities,
10 required users credentials to give editing rights. The median information framework quality score was 6 out of 16 (range
0-15). Beyond this score, only one wiki had standardized peer-reviews. Physicians contributed to 22 wikis, medical learners to
nine, and lay personsto four. Among 116 sampled articles, those from encyclopedic wikis had more videos, pictures, and external
resources, whereas others had more posology details and better readability. The median creation year was 2007 (1997-2011), the
median number of content pages was 620.5 (3-98,039), the median of revisions per articlewas 17.7 (3.6-180.5) and 0.015 of talk
pages per article (0-0.42). Five wikis were particularly active, whereas six were declining. Two wikis have been discontinued
after the completion of the study.

Conclusions: The 25 medical wikis we studied present various limitations in their format, management, and collaborative
features. Professional medical wikismay beimproved by using clinical cases, developing more detailed transparency and editorial
policies, and involving postgraduate and continuing medical education learners.

(2015;17(2):e48) doi:10.2196/jmir.3574
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Introduction

Brulet et al

Methods

Accesstoinformationisadaily concernfor clinicians, especially
in general practicewherethe expertisefield is particularly wide.
Clinicians have to apply evidence-based knowledge as far as
possible to manage varied and complex medical issues[1]. The
medical information they use for practice must be accurate,
readable, reliable, and up to date. Asthe use of primary sources
requires documentary research methods and istime-consuming,
clinicians usualy refer to available syntheses such as practice
guidelines, educational journals, or medical textbooks. However,
these resources are often limited by language barriers [2],
missing evidence [3], low acceptability [4], and conflicts of
interest [5].

Wikis are websites characterized by a collaborative edition
between users. A “wiki” isatype of content managing system
differing from othersin that the content is created without any
defined owner [6]. Wikis belong to Web 2.0, which includes
other interactive Web tool s such as blogs (where users edit their
own content), forums (where users discuss), and socia networks
(where users post comments) [7]. Since the wiki principle was
initiated in 1995 on WikiWikiWeb, a site dedicated to
programmers, hundreds of types of software have been
developed to operate it [8]. Among them, MediaWiki is a
worldwide reference that supports the 285 languages of the
general encyclopediaWikipedia. Subsequently, various medical
wikis have emerged, including orphan diseases resources,
terminology databases, care decision supports, and medical
teaching resources [9-12]. Wikis may help to remediate other
medical resources’ limitations by giving clinician communities
the opportunity to build knowledge relevant to their practice
[13].

Therecent review of the literature about wikis and collaborative
writing applicationsin health care by Archambault et a broadly
explored use patterns, quality of information, and knowledge
trand ation interests, and brought out aneed for primary research
on these applications [14]. Among the 25 articlesin thisreview
assessing the quality of the information, all but one targeted
Wikipedia[15], whose medical content iscontroversial [16-18].
In the study published in 2009 by Dobrogowska-Schlebusch
[15], 52 health-related wikiswere included without specification
of purpose or audience and assessed using the online Health
Summit Working Group Information Quality tool (HSWG 1Q
tool) [19]. It globally showed poor quality scores, except for a
few wikis having implemented expert moderation or peer
reviews. The “quality of information” in a website actually
referseither to itsframework, including transparency and policy
considerations such asin the HSWG 1Q tool, or to its content,
especialy its scientific value. Assessing the content in wikisis
problematic asit isonly asnapshot of along-lasting interaction
[20-22].

Our study aimed at systematically reviewing medical wikis
dedicated to clinical practices according to their purposes,
platform, management, information framework, contributions,
content, and activity.

http://www.jmir.org/16/2/e48/

Screening Strategy

In October 2011, we performed Google queries searching for
the phrase “list of medical wikis’ trandated in the 10 most
spoken languages on the Internet (English, Chinese, Spanish,
Japanese, French, Portuguese, German, Arabic, Russian, and
Korean), using the Google tranglation tool when necessary [23].
The phrase was expanded as far as possible within the limit of
500 resulting pages. The English query was filtered in order to
remove an extensively cited page, which has been kept once
for data extraction [24]. Every resulting page was browsed in
order to extract Internet addresses (uniform resource locators
[URLS]) linking to potentialy relevant sites (Multimedia
Appendix 1).

Second, we searched PubMed and Web of Science (using “wiki”
AND [“medic*” OR “clinic*”]) and Literatura
L atino-Americanae do Caribe em CiénciasdaSalde (LILACS)
(using “wiki") in full textsfor articles published until September
2012. Every open-access abstract and open access article was
read, coupled with Web searches when necessary, in order to
identify any potentialy relevant URL (Multimedia Appendix
2).

Finaly, we included any other potentialy relevant URL
retrieved through Web extra-browsing or expert advice, until
September 2012. One author (AB) made all data extractions of
the screening.

Sites' Inclusion and Exclusion

Websiteswereincluded if they were (1) accessiblefrom apublic
Internet protocol address; (2) operating a wiki tool, defining a
“wiki” as"atype of content managing system (CMS) used for
collaborative edition, where the content is created without any
defined owner” [6], excluding wiki-based platforms used as
non-collaborative CMS, like Wikinu [25], and websites where
a collaborative edition was alowed on owned contents, like
Google Knols [26]; (3) amed at building some knowledge
relevant for a clinical practice, defining “clinical” as “of or
relating to the bedside of a patient, the course of a disease, or
the observation and treatment of patients directly” [27],
excluding medical topics not directly linked to the care of
patients (medical research, medical informatics, biomedical
sciences, medical curriculums, pharmacology, public health),
and topics not specifically interesting physicians (other health
caredisciplines, patient information, first aid); and (4) explicitly
targeting physicians or medical students in audiences. Wikis
orientated toward general public, like Wikipedia, were excluded
[28]. In addition, websites were excluded if they were
dysfunctional, explicitly interrupted, only aiming at displaying
external resources. Some clinical-oriented wikis, like Medical
Matters Wiki, were excluded as bibliographic resources [29].

The inclusion and exclusion was done by 2 authors (AB and
LL), and disagreements were solved by discussion.
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Sites’ Description and Assessment

Overview

All data collections from the included sites were performed in
October and November 2012. The main language interface of
each wiki, that is, the one having the biggest amount of content,
was used as a reference to collect data. No direct contact to
sites’ administrators was undertaken. The data retrieval was
done by 1 author (AB), and their assessments were performed
by 2 authors (AB and LL). Disagreements were solved by
discussion.

Purposes

Wikis' main purposes were described on the basis of sites
disclosures. Defining the term “encyclopedic” as a
comprehensive reference work within a knowledge field [30],
wikiswere classified as“encyclopedic” or “non-encyclopedic”
according to their statement of main purpose. Target audiences
were described on the basis of sites' disclosures, considering
only physicians, medical students, and lay persons.

Platform

Platforms were described according to software, user data,
ergonomics, and clinically relevant utilities, by systematically
browsing sites and using their functionalities.

Management

Management was described on the basis of sites’ disclosures
and technical characteristics. The access for editing was
systematically tested anonymously and after login whenever

http://www.jmir.org/16/2/e48/

Brulet et al

registration was possible. A user community was defined as
“closed” when the editing rights accreditation was not publicly
opened. The registration process was defined as “automated”
when filling out a form triggered the login access, and “on
credentials’ when some personal information had to be first
checked. In case of hierarchy between registered users, those
having special rights were consistently named “ super-users’,
and their nomination procedure and specific roles were
described. We named “administrators’ those super-users having
enlarged rights such as deleting or massively editing content,
assigning or removing rightsto users, blocking pages, blocking
users, etc.

Information Framework

The Health On the Net ethical code of conduct (HONcode), as
adapted for collaborative websites, was used as a reference to
perform the information framework quality assessment [31].
However, the adaptation of its principle about the
authoritativeness of the information only makes mandatory the
disclosure of the credentials of “moderators’. Thewiki context
makes every editing user responsible for edited content, and in
aprofessional context, more author detailsthan just credentials
should be disclosed. We therefore built a set of 16 criteria for
assessing the information framework quality, including 11
derived from the HONcode and 5 fitted to medical wikis. An
operationa definition was assigned to each of these criteria,
including four definitions validated by Bernstam et a (Table
1) [32]. The assessment of these criteria was performed by 2
authors (AB and LL). Their agreement was measured by
calculating an r correlation coefficient [33].
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Table 1. The 16 information framework quality criteria.

Brulet et al

Screened criteria®

Operational definiti on®

Owner disclosures
1 Identity (p2)
2 Contact details (p6)

3 Funding (p7)

4 Conflicts of interest (p7)
Disclaimers

5  Medical advisory statement (p2)

6  Usersprivacy policy (p3)

7 Advertising policy (p8)
Editorial policy

8 Review policy (pl)

9 Patients data protection rule (p3)
10 Information referencing rule (p4)
11  True statement rule (p5)
12 Content organization rule

User disclosures
13  Editing users identity
14  Editing users' credentials

Indication of the entity that owns the information presented on the website (01).

The webmaster or other official can be contacted. The presence of email address, telephone,
fax, or online form (02).

The presence of adisclosure about owner’s funding.

The presence of a disclosure about owner’s conflicts of interest.

The presence of astatement about the value of the medical content displayed on the website.
The presence of a disclosure about the management of the users’ personal information.

The presence of a disclosure about the advertising displayed (or not) in the website.

The presence of aclaim of use of an editorial review process or the listing of an editorial
review committee or medical advisory board (03).

The presence of arule for using patients' data.
The presence of arule for referencing information.
The presence of arule for editing with honesty.

The presence of arule for organizing the content.

The presence of the disclosure of the identity, mandatory for every editing user.

The presence of the disclosure of the authority and qualification (04), mandatory for every

editing user.

15 Editing users' conflicts of interest
user.

16  Administrators identity

The presence of the disclosure of eventual conflicts of interest, mandatory for every editing

The presence of the disclosure of the identity, mandatory for every administrator.

8Criteriareferring to the HONcode principles[31]: p1=Information must be authoritative; p2=Purpose of thewebsite; p3=Confidentiaity; p4=Documented
information; p5=Claims justification; p6=Website contact details; p7=Funding source disclosure; p8=Advertising policy.

bOperaIionaI definitions validated by Bernstam et al [32]: o1=Disclosure of ownership; 02=Feedback mechanism provided; 03=Editoria review process;

o4=Author’s credential s disclosed.

Contributions

Physicians were considered as contributors by default, except
when they were not targeted in the audience. The contributions
of medical learners (students or physicians) were described
based on educational objectives, or when mentioned in
super-users credentials. Lay persons contributions were
described according to the registration requirements. The
presence of clinical case reports was systematically searched
by querying sites with the key word “case”. Any content
reporting some clinical materials issued from users practice
was considered.

Content

This part of the study aimed at describing the characteristics of
the contents and assessing their readability. However, the
scientific value of contentsin itself was not assessed. From each
wiki, we selected asample of the’5 most revised articles. Articles
were included if they had a clinically relevant topic and were
written in the main language of the wiki. In sites where the
numbers of revisions were not available, we subjectively

http://www.jmir.org/16/2/e48/

sel ected the most finalized articles. We described characteristics
related to content (presence of pictures, videos, diagrams,
posology details, evidence levels and external resources, and
numbers of words and references per article) and data related
to edition (numbers of revisions and authors per article, and
related talks). The sampled articleswere assessed with Flesch’s
reading ease test adapted to each language and performed with
automated hyphenation [34]. Characteristics of articles were
compared between encyclopedic and non-encyclopedic groups
by using Fisher'sexact test for qualitative dataand the Wilcoxon
rank test for quantitative data.

Activity

Wikis' global activitieswere described on the basis of available
data from sites (absolute numbers of content pages, revisions,
and talk pages). Displayed numbers of users were considered
globally inaccurate since we suspected tens of false user
registrations across several sites, presumably due to vandalism
attacks. In order to estimate annual activity, content pageswere
counted according to their last edition date by performing empty
gueries on Google, filtered on each URL, and for each year
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since the wiki’s creation. A recent editorial rate was estimated
by reporting the number of pages|ast edited in the 365 previous
days to that edited since creation. Rates higher than 50% were
considered as “very high”, and rates lower than 10% were
considered as“very low”. A recent editorial trend was estimated
by reporting the number of pages|ast edited in the 365 previous
days to that last edited in the 365 days before. Trends higher
than 300% were considered as “sharply increasing” and trends
lower than 33% as “sharply decreasing”.

Figure 1. Site screening, exclusion, and inclusion flow diagram.

Google search - October 2011

Brulet et al

Results

Sites’ Screening

The Google search yielded 341 pages, including 27 linking to
some potentially relevant URLs. After extraction and removing
duplicates, 141 URLs were collected (Multimedia Appendix
1). Theliterature search yielded 133 articles, 104 after removing
duplicates. After identification of potentially relevant URLSs
and removing duplicates, 38 URL swere collected (Multimedia
Appendix 2). Four additional potentially relevant URLS were
retrieved from other sources. Merging all results and removing
duplicates, 176 potentialy relevant URLswerefinally collected
(Figure 1, Multimedia Appendix 3).

Key sentence: “list of medical wikis” L, Unique URLs ....p| Duplicates removed
10 languages (n =141) : (n=7)

(n = 341 pages) | H

Literature search - until September 2012 ;

Databases: PubMed, LILACS, Web of Science ~-»{ Uniaue URLs | R

(n = 104 articles) [Ses) (SH2)

Other sources - until September 2012

Potentially relevant URLs

(n =4 URLs)

\ 4

Excluded sites (n = 151)

Sites not accessible or not operating
- 25 not found

- 5 empty

- 5 discontinued

- 5 access forbidden

- 1 spammed with major security risk

19 not wiki-type sites (including Google

Topic not relevant for a clinical practice
- 14 medical informatics

- 11 biomedical sciences

- 7 medical research

- 7 medical bibliography

- 6 patient information

- 4 medical curriculum

- 3 pharmacology

- 3 public health

- 8 other health-care disciplines
- 6 other health-related topics

- 7 others

15 not targeting explicitly physicians or
students (including Wikipedia)

(n=176)
=
Knols) [€
Included
»  medical wikis
(n=25)
medical

Sites’ Exclusion and Inclusion

Of the 176 collected URLS, 31 met the inclusion criteria. Six
of them became inoperative during the study. Finally, 25 wikis
were retained for analysis [35-59] (Figure 1; Multimedia
Appendix 3).

Sites’ Description and Assessment

Purposes

The main languages were English (19 wikis), German (3),
French (2), and Chinese (1), and four wikis had a second

http://www.jmir.org/16/2/e48/

RenderX

language interface. The purpose was encyclopedic for 11 wikis,
including one also aiming at reporting clinical cases. Among
the 14 wikis having a non-encyclopedic purpose, five aimed at
editing a textbook, three medical lessons, two oncology
protocols, one a single focused article, and three at reporting
clinical cases, including one also displaying a textbook-like
wiki area. Whereas 16 wikiswere specialized to specific themes
or disciplines, ninewere not. Physicianswere explicitly targeted
by 22 wikis, medical learners by 18, and lay persons by five
(Table 2).
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Table 2. Wikis purposes.
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Wiki Language Main purpose(s) Target audience
Encyclopedic
Medpedia[35] English Medical encyclopedia Physicians, Learners, Laypeople
Ganfyd [36] English Medical knowledge base Physicians
AskDrWiki [37] English Medicine Physicians, Learners
DocCheck Flexikon [38] German, English Medical lexicon Physicians
Toxipedia[39] English, Spanish Toxicology encyclopedia Physicians, Learners
EyeWiki [40] English Ophthalmology encyclopedia Physicians, Learners
Radiopaedia [41] English Radiology encyclopedia& clinical casere- Physicians
ports
Wikiecho [42] English Echography encyclopedia Physicians
wikiRadiography [43] English Radiography resource Physicians
Pathowiki [44] German Pathology encyclopedia Physicians, Learners
Pathpedia [45] English Pathology wikibook Physicians, Learners, Laypeople
Non-Encyclopedic
Textbook
WikiDoc [46] English Medical textbook Physicians, Learners, Laypeople
WardWiki [47] English Junior doctors help Physicians, Learners
WIkEM [48] English Emergency Medicinepoint of carereference  Physicians, Learners
Open Anesthesia[49] English Anesthesiatextbook & critical caremanual  Physicians, Learners
ECGpedia[50] English, Dutch ECG textbook & tutorial Physicians, Learners
L essons
MedRevise [51] English Medical course revision Learners
Mediwiki.fr [52] French Medical course revision Learners
Wikia Biomedwiki [53] German Bio-medical learning aid Physicians, Learners
Protocols
Oncologik [54] French Oncology protocols Physicians
OncoWiki [55] English Oncology regimens Physicians
Singlearticle
Open Medicine Live Wiki [56]  English Second line oral therapy in type 2 diabetes Physicians, Learners, Laypeople
Clinical casesreports
Dermpedia[57] English Dermatology knowledge and experience  Physicians, Learners
sharing
Orthochina [58] Chinese, English Orthopedic clinical cases Physicians, Learners, Laypeople

UCLA Radiology ResidentsPe- English

diatric Imaging [59]

Radiology clinical cases

Learners

Platform

MediaWiki in its native form was supporting 15 sites. Three
siteswere hosted by online “wiki farms’, that are ready-to-use
multifunctional platforms [60-62]. The remaining seven sites
had purpose-built platforms, including two developed upon
Mediawiki. As opposed to every purpose-built platform, only
one site using Mediawiki natively systematically managed
users’ real namesand credentials. Wiki farmsand purpose-built

http://www.jmir.org/16/2/e48/

RenderX

platformsincluded variousforms of forumsand social networks.
Editing on MediaWiki required using a specific mark-up
language, whereas all other software had a“What You See is
What You Get” editing interface. Three wikis had automated
links to PubMed or Cochrane library external databases. Two
wikis operated a semantic management for synonyms or
keywords. Two wikis provided some medical imaging facilities
(Table 3).
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Table 3. Wikis' platform.
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Wiki Software Purpose-built  User disclosuresmanagement Relevant utilities®
Encyclopedic
Medpedia [35] Mediawiki 0 O
Ganfyd [36] MediaWiki Bibl. links
AskDrwiki [37] Mediawiki
DocCheck Flexikon [38] MediaWiki ad ad
Toxipedia[39] Other
EyeWiki [40] MediaWwiki
Radiopaedia[41] Other ad ad Imaging + semantics
Wikiecho [42] MediaWwiki
wikiRadiography [43] Online wiki farm
Pathowiki [44] MediaWiki
Pathpedia[45] Other ad ad
Non-Encyclopedic
Textbook
WikiDoc [46] Mediawiki Bibl. links + seman-
tics
Wardwiki [47] MediaWiki
WIkEM [48] Mediawiki O
Open Anesthesia [49] MediaWiki
ECGpedia[50] Mediawiki
L essons
MedRevise [51] Mediawiki
Mediwiki.fr [52] MediaWiki
Wikia Biomedwiki [53] Online wiki farm
Protocols
Oncologik [54] MediaWiki Bibl. links
OncoWiki [55] MediaWiki
Singlearticle
Open Medicine Live Wiki [56] MediaWiki
Clinical casereports
Dermpedia[57] Other
Orthochina [58] Other ad ad Imaging

UCLA Radiology Residents Pediatric Imaging [59] Online wiki farm

aBibl. links=automati zed linksto external resources (PubMed, Cochrane, etc); Semantics=key words management; | maging=medical imaging facilities.

Management

Sites' ownerswere non-profit organi zations (n=10), individuals
(n=6), private companies (n=4), scientific societies (n=2) or
universities (n=2), and one could not be identified. Six wikis
restricted accessto their talk pages and users’ profile areas, and
one wiki restricted accessto itsarticles. Two wikis allowed any
visitor to edit without registering. Registration was automated
in 11 wikis, based upon credentialsin 10, and limited to aclosed
community infour. A hierarchy between registered usersexisted

http://www.jmir.org/16/2/e48/

in 14 wikis, among which three restricted the edition (or the
validation of edition proposals) to super-usersonly. Super-users
could be organized in “editorial boards’ (n=9), responsible for
thewhole content, in “lead authors’ (n=4), responsiblefor some
articles, or in “moderators’ (n=2), responding on call.
Super-users were nominated without any explicit procedurein
10 wikis, subjectively in consideration of users' credentials or
activity in two wikis, and following a systematic procedure
based on a score or a vote in two wikis. Super-users were
divided in more than two types of rolesin four wikis (Table 4).
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Table 4. Wikis management.
>2 super-us-
Wiki Governance® Edit right accreditation Authoring structure Super-usersnomination  er roles
Encyclopedic
On credentials” + on
Medpedia [35] Universities Super-uservonly Lead authoring score®
Ganfyd [36] NPO On credentials None -
AsKDrWiki [37] NPO Super-user only Lead authoring On credentials O
DocCheck Flexikon [38] PC (any visitor) None -
Toxipedia[39] NPO Automated Editorial board N/A
Eyewiki [40] SS On credentials Editoria board N/A
Radiopaedia [41] PC Automated Editorial board N/A
Wikiecho [42] NPO Automated Editoria board N/A
wikiRadiography [43] Individuals Automated Moderators N/A
Pathowiki [44] University On credentials None -
Pathpedia [45] PC Automated Editorial board N/A
Non-Encyclopedic
Textbook
WikiDoc [46] NPO On credentials Editoria board N/A ad
WardWwiki [47] N/A Closed - -
WIkEM [48] NPO Automated Editorial board Oncredentials+ editori- [
al activity
Open Anesthesia[49] SS Automated Editoria board N/A
ECGpedia[50] NPO On credentials Lead authoring N/A
L essons
MedRevise [51] Individuals On credentials None -
Mediwiki.fr [52] Individuals On credentials None -
Wikia Biomedwiki [53] Individual (any visitor) None -
Protocols
Oncologik [54] NPO Closed - -
OncoWiki [55] Individual Closed - -
Singlearticle
Open Medicine Live Wiki [56] NPO Automated None -
Clinical casereports
Dermpedia[57] PC Automated Editorial board +lead  N/A
authoring
Moderators + editorial ~ Automated + on score
Orthochina [58] NPO Super-user only board + vote ad
UCLA Radiology Residents Pedi- Individual Closed - -

atric Imaging [59]

8N PO=non-profit organization; PC=private company; SS=scientific society
bProof of credentials required.
CScore based on forum contributions and edit proposals.
dScore based on amulti ple choice test and forum contributions.
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I nformation Framework

The owner’s identity was displayed on 19 wikis, its contact
details on 21, its funding sources on 14, and its potential
conflicts of interest on seven. A medical advisory statement
was displayed on 17 wikis, a policy for users’ privacy on 17,
and a policy about advertising on 10. A review policy was
displayed on 10 wikis, arulefor the protection of patients' data
on 11, arule for referencing information on nine, a rule for
delivering true information on 11, and a rule for organizing

Table5. Wikis information framework quality assessment.

Brulet et al

content on five. The editing users’ identity was systematically
displayed on nine wikis, their credentials on seven, their
potential conflicts of interest on two, and the administrators
identity was systematically displayed on three wikis, which
were all made by students [51,52,59]. The total information
framework quality scoreranged from zero to 15 out of 16, with
a median score of 6 (Table 5). The correlation between raters

wasfair (RP=.68). Beyond these criteria, only onewiki organized
standardized peer-reviews [39].

Wiki Owner disclosures Disclaimers Editorial policy =~ User disclosures Total
(n=4) (n=3) (n=5) (n=4) (n=16)
Encyclopedic
Medpedia[35] 4 3 5 3 15
Ganfyd [36] 3 2 2 0 7
AskDrwiki [37] 4 1 2 0 7
DocCheck Flexikon [38] 3 2 0 0 5
Toxipedia[39] 4 3 3 3 13
EyeWiki [40] 4 3 3 0 10
Radiopaedia[41] 4 3 4 2 13
Wikiecho [42] 2 2 1 0 5
wikiRadiography [43] 0 2 0 0 2
Pathowiki [44] 3 2 3 0 8
Pathpedia [45] 4 2 3 2 11
Non-Encyclopedic
Textbook
WikiDoc [46] 4 3 5 0 12
WardWwiki [47] 0 2 3 0 5
WIkEM [48] 2 1 0 3 6
Open Anesthesia[49] 3 0 2 0 5
ECGpedia[50] 3 2 2 0 7
L essons
MedRevise [51] 3 2 2 1 8
Mediwiki.fr [52] 2 1 1 1 5
Wikia Biomedwiki [53] 0 2 0 0 2
Protocols
Oncologik [54] 2 0 1 1 4
OncoWiki [55] 1 1 0 0 2
Singlearticle
Open Medicine Live Wiki [56] 0 0 0 0 0
Clinical casereports
Dermpedia[57] 3 2 2 2 9
Orthochina [58] 1 2 1 2 6
UCLA Radiology Residents Pediatric Imaging 2 1 1 1 5

[59]
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Contributions Medical learners contributed according to aformal educational

Physicians were considered as contributors by default in all ~90@ onfourwikis, and as super-userson fivewikis. Lay persons

wikis except the three made by and for students [51,52,59). canributed to four wikis. Clinical cases were reported on nine
wikis (Table 6).

Table 6. Wikis' contributions.

Wiki Lay people Learners®  Formal educational goal Clinical case reports

Encyclopedic
Medpedia [35] O
Ganfyd [36]

AskDrwiki [37]

DocCheck Flexikon [38] Free edition

Toxipedia[39] Registered only

EyeWiki [40]

Radiopaedia[41] O
Wikiecho [42]

wikiRadiography [43]

Pathowiki [44] PG

Pathpedia [45]

Non-Encyclopedic

Textbook
WikiDoc [46] O
Wardwiki [47]
WIkEM [48]

Open Anesthesia[49]
ECGpedia[50]

3 3

3

L essons
MedRevise [51] uG 0
Mediwiki.fr [52] UG + PG
Wikia Biomedwiki [53] Free edition uG
Protocols
Oncologik [54]
OncoWiki [55]
Singlearticle
Open Medicine Live Wiki [56] Registered only
Clinical casereports
Dermpedia[57]
Orthochina [58] CME
UCLA Radiology Residents Pediatric Imaging [59] PG a

8UG=undergraduate, PG=postgraduate, CM E=practicing physicians in continuing medical education.

C Numbers of revisions and of authors were not available for five
ontent non-encyclopedic articles. Pictures, videos, and external
Asonly one wiki displayed asingle article and another did not  resources were more frequent in articles from encyclopedic
alow accessto its relevant content, 116 articles were sampled,  wikis. Posology details were more frequent in articles from

including 58 most revised and 58 most finalized. Numbers of non-encyclopedic wikis (P<.01). The Flesch reading ease scores
authors were not available for five encyclopedic articles.  were lower in encyclopedic wikis (Table 7).
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Table 7. Features of content, of edition, and readability of articles according to wiki purpose (N=116 articles).
Wiki purpose Encyclopedic (n=55) Non-encyclopedic (n=61) P value
n (%) or median (Min-max) n (%) or median (Min-max)
Content
Pictures, n (%) 33(60.0) 23(37.7) .025
Videos, n (%) 7(127) 0(0.0) .004
Diagrams, n (%) 3(5.5) 8(13.1) 211
Posology, n (%) 5(9.1) 24 (39.3) <.001
Evidence levels, n (%) 0(0.0) 2(3.3) 497
External resources, n (%) 33(60.0) 21(34.4) .009
References, median (min-max) 3(0-87) 2 (0-105) 400
Words, median (min-max) 1248 (94-4945) 654 (38-16265) .353
Edition, median (min-max)
Revisions 40 (2-261) 40.5 (2-516) .953
Authors 3(1-34) 3(1-6) .067
Talks 0(0-24) 0(0-2) .099
Readability, median (min-max)
Flesch’'s reading ease score 26.1 (-11.4-50.6) (college graduate) 33.9 (-55.5-87.6) (college) .041

Activities

Wikis had been created between 1997 and 2011 (median year:
2007). Content pages per wiki varied from 3 to 98,039 (median
620.5), revisions per content page from 3.6 to 180.5 (median
17.7), and talk pages per content page from 0 to 0.42 (median
0.015). Among five particularly active wikis, three had a high

http://www.jmir.org/16/2/e48/

RenderX

previous year editorial rate and three a sharply increasing
editorial trend. Among six wikis almost unused, six had a low
previous year editorial rate, and three a sharply decreasing
editorial trend. The activity of one wiki having a sharply
increasing trend upon avery low previouseditorial rate was not
interpreted (Table 8). Two wikis included in this review were
discontinued after the completion of the study [35,47].
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Table 8. Wikis' activities.

Year of cre-  Content Revisions/ content  Talk pages/ 2011-12editorial  2010-12 editorial
Wiki ation pages pages content pages  rate®?, % trend®¢
Encyclopedic
Medpedia[35] 2002 4000 85.3 0.02 36 -
Ganfyd [36] 2005 7979 6.7 0.14 18 -
AskDrWiki [37] 2006 1406 4.8 <0.01 4 -
DocCheck Flexikon [38] 2002 18,017 85 0.02 73 A
Toxipedia[39] 2006 19102 N/A N/A 34 R
EyeWiki [40] 2010 142 79.2 0.20 41 -
Radiopaedia[41] 2005 5131 N/A N/A a4 -
Wikiecho [42] 2007 N/A N/A N/A N/A N/A
wikiRadiography [43] 2006 17302 N/A N/A 10 W
Pathowiki [44] 2010 425 11 <001 27 -
Pathpedia[45] 2006 N/A N/A N/A 0 N/A
Non-Encyclopedic
Textbook
WikiDoc [46] 2006 98,039 6.7 <0.01 38 2
WardWiki [47] 2010 324 114 0 0 W
WIkEM [48] 2010 126 N/A 0.01 64 -
Open Anesthesia [49] 2008 1023 N/A 0.02 60 -
ECGpedia [50] 2006 1241 17.7 0.02 16 -
L essons
MedRevise [51] 2008 597 218 0.01 8 -
Mediwiki.fr [52] 2008 216 294 0.02 32 A
Wikia Biomedwiki [53] 2006 75 36.0 0.02 4 2
Protocols
Oncologik [54] 2011 152 180.5 0.42 48 -
OncoWiki [55] 2011 112 36 0.01 N/A N/A
Singlearticle
Open Medicine Live Wiki [56] 2011 3 29.0 0 0 W
Clinical casereports
Dermpedia [57] 2008 601 N/A N/A 18 -
Orthochina [58] 1997 N/A N/A N/A N/A N/A
UCLA Radiology Residents Pediatric 2008 640 N/A 0 17 -

Imaging [59]

8 stimated with Google.

b[Las year edited pages]/[total pages]: >50%=high rate; <10%=low rate

C[Last year edited pages]/[year before edited pages]: 2 =sharply increasing trend (>300 %);  =sharply decreasing trend (<33 %); — =stable trend.
by encyclopedic perspectives (44%), and most were specialized
(64%). The Mediawiki software was commonly used (68%),

often in its native form (60%). Site owners were mostly

o ) ) ) . ) .. non-profit organizations (40%) and individuals (24%); only two
From thisinternational review, we identified 25 medica wikis were universities, While practicing physicians were major

dedicated to clinical practices. The majority were in English  otributors (88%), medical learners (36%) and lay persons
and four were bilingual. They had various purposes, dominated (16%) sometimes contributed.

Discussion

Principal Findings
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Cross-reading our results, the relevancy for clinicians of the
medical wikis can be discussed according to four information
properties: accuracy, readability, reliability, and currency.
Accuracy may be impaired in wikis not displaying a review
policy (60%) and in those not delivering rules for organizing
content (80%) [63,64]. The articles from encyclopedic wikis
presented characteristics less relevant for professional use than
the others, including more pictures, videos, and externa
resources but fewer posology details. The Flesch reading ease
scores were globally low, especially for encyclopedic articles.
In regard to reliability, 64% of wikis fulfilled less than half of
theinformation framework quality criteria. In addition, articles
were poorly referenced, and evidence level notifications were
exceptional. Finally, 88% of the wikis had fewer than 50% of
articlesrevised inthelast year, and 24% of the siteswere almost
unused.

Strengths and Limitations

Our review may not have been exhaustive as the Google search
was restricted to lists of medical wikisand several sitesreported
in the health literature were not accessible. Furthermore, the
Web 2.0 field israpidly changing, and some new medical wikis
may have emerged since October 2012. Re-browsing the lists
of medical wikis used in this study, we found only one relevant
wiki after theinclusion period: the Australian Cancer Guidelines
Wiki [65]. Among the 25 included sites, Medpedia and
WardWiki have been discontinued [35,47], and a few changes
occurred in the structure of the others. Open Anesthesia has
been reorganized [49], WikiEcho and M edRevise changed their
“skin” [42,51], and Oncologik added amissing link to its owner
[54].

Among the tools available for assessing the quality of health
information on websites, none is currently validated and none
is fitted either to wikis or to a professional audience [66,67].
The HSWG 1Q tool does not take into account collaborative
features, as acknowledged by Dobrogowska-Schlebusch [15],
and it has been removed from the Web [19]; the DISCERN tool
targets health consumers and is restricted to information on
treatments [68]; and the Bomba and Land Index has also been
designed for health consumers [69]. Numerous items are
common between these questionnaires and major guidelines
such as the eHealth code of ethics[70], the American Medical
Association guideline[71], or the eEurope 2002 quality criteria
[72]. The HONCcode ethical code of conduct is uniqueto provide
specifications for collaborative websites [31,73]. For example,
theitem “istheinformation referenced?’ will be transposed for
collaborative websites as “is there a statement asking platform
usersto givereferencesto theinformation they provide?’. Such
specificationsdo not directly apply to the content, but indirectly
through the editorial framework. However, the right influence
of the framework on the content deserves to be investigated in
future research projects.

The relevancy of low readability scores, corresponding to
college and higher, is arguable since medical doctors have de
factoahigh level of reading. It has been long demonstrated that
readability impacts both the understanding and the cross-reading
ability, even for highly educated readers [74], and the need for
simplicity is expressed by clinicians themselves for practice

http://www.jmir.org/16/2/e48/
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guidelines[4]. Therelevancy of the Flesch reading easetest for
medical writings is also debatable, but more specific tools are
not yet validated [75]. Although it includes adjustment
parameters adapted to several languages [34], alinguistic bias
cannot be excluded in this study since multilingual comparisons
have not been documented.

To check the validity of the estimation of annual editorial
activities using Google, we measured the agreement between
the number of content pages declared on the site and the
corresponding estimate from the Google search engine, for 20
wikis. Although there was a strong agreement (Spearman
correlation coefficient=.88, P<.001), automated page creation
and vandalism may bias both figures.

Unmet Clinical Needs

Our results suggest that no medical wiki meets al four
information properties needed by clinicians. The encyclopedic
format does not seem to fit in terms of both accuracy and
readability. However, whatever the wikis' purposes, the
organization of contents is often unclear, apart from very
focused purposes such as oncology protocols, where the
knowledge granularity is adapted to a particular audience [54].
The Medical Subject Headings (MeSH) indexing system is
sometimes integrated, but it requires specific training for
contributors, which is challenging in a multi-authoring context
[76]. Whereas some semantic utilities can help manage
indexation constraints [10,77], add-ons aimed at improving
either medical knowledge management or ergonomicsarerarely
implemented in medical wikis. If such gaps impact both
accuracy and readability, they may al so hamper theinvolvement
of users. Contrary to pure knowledge content, the frequent
clinical casereportsin medical wikis, supporting the emergence
of concrete questions of practice, are likely to meet strong
clinical interest.

Reliahility iswidely, and sometimes critically, impaired by lack
of management. Although authoring transparency requires both
technical and policy supports [5], our framework assessment
particularly shows gaps in users disclosures and editorial
policies. Since amost only purpose-built platforms are able to
manage detailed user data, technical issues are important.
Among open communities, only 48% of medical wikis ask for
credentials to register, with two requiring some proof [35,36].
As an alternative, users medical skills can be assessed during
an automated registration including medical tests [58,78].
Interestingly, the fully opened Wikipedia's articles are
commonly consulted by clinicians and medical students [79],
while their relevancy has been recurrently questioned
[7,14,16-18,21]. However, Wikipedia, including its Wikiproject
Medicine, cannot respond to specific clinical needs as it does
not target any specific audience[28]. Asan encyclopedic media,
itisalso likely to meet the limitations highlighted in this study.

In most wikis, weak and poorly collaborative activity jeopardizes
content updates. The talk pages, when available, are
exceptionally used, and the discussion threads included in
forums or social networks are not directly connected to content
pages [80]. As a consequence, adversarial debates are lacking,
although they are afoundation for building evidence [3].
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The Open Community Challenge

Users' regulationinwikisis complex sincethelower the control
of their editors, the higher their growth [81]. For example,
Wikipedia's English articleon atrid fibrillation has been revised
approximately 1345 times and discussed 150 times [82], and
the article on the recent drug dabigatran 555 times and 35 times
respectively [83]. Apart from the severe reliability issues due
to anonymity in Wikipedia [84], it has been shown that its
development, based only on volunteering, leads articles to be
unevenly readable, complete, and reliable [17,20,85]. In our
study, we paradoxically observed the highest page revision and
discussion levelsinasmall wiki reserved to aclosed community
[54]. This finding suggests that a strong user commitment can
overcome volunteering limitations.

Although multi-authoring requires athorough organization [86],
communities attached to medical wikis are often poorly
structured. Super-user nominations are usually opaque, and only
one wiki provides a standardized peer-review process[39]. As
implemented in two wikis, the extent of users' rights can depend
on their participation level [35,58], which represents a reward
for authors [87]. However, in order to open scientific debates,
the organization of bottom-up relations between users should
be further considered [88]. In this way, the public expertise
promoted by Wikipedia, which is based on consensus, uses a
complex and democratic moderation system, detailed editorial
rules, and standardized peer-reviews [21].

While the HONcode principle about the authoritativeness of
the information protects the moderators' privacy by alowing
their anonymity [31], it cannot guarantee the trustworthiness of
what they have written [84,89]. The professional scope of our
review highlights a lack of audience specifications in health
information quality initiatives, in particular for collaborative
applications where readers and writers are mixed altogether.
The extensive review of social mediaby Grajaleset al provides
a useful tutorial for health care professional end users, which
may be a first step to building more detailed guidelines for

Brulet et al

professional health information onthe Internet [7]. Indeed, some
professional knowledge may generate adverse outcomes, as
information on drugs with potential for misuse is commonly
sought on the Internet [90]. Therefore, as included in the
wikiproject Medicine of Wikipedia [21], a policy specifying
the nature and the limits of publicly accessible content iscritical,
and amodel for displaying health information isneeded [67,73].

Educational Value Added

Among eight medical wikis including learners’ contributions,
five include spontaneous undergraduate or postgraduate
students' contributions. The three others have a forma
educational goal, targeting postgraduate students or practicing
physicians in continuous medical education [49,58,59].
Educational goals may represent an alternative to mere
volunteering since learners’ contributions can be part of their
curricula. Asworks performed in training are frequently based
on clinical cases as starting points for gathering scientific
evidence [91,92], thewiki principle seems particularly fitted to
archive, share, discuss, and gradualy improve the related
materials [93]. From a theoretical point of view, the wiki
medium, as an asynchronous communication tool, embodies
learning principles based on constructivism and cooperation
[94]. Nevertheless, if Internet-based educational programs can
be an dternative to live interactive workshops [95], the
effectiveness of collaborative writing applications in medical
education requires further research [12,14].

Conclusions

The 25 medical wikis reviewed present various limitations in
their format, management, and collaborative features.
Encyclopedic wikis have less accurate and readable content.
Reliability iswidely impaired by lack of transparency. Currency
iscommonly jeopardized by low editorial activity. Professional
medical wikis may be improved by using clinical cases,
developing more detailed transparency and editorial policies,
and involving postgraduate and continuing medical education
learners.
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Abstract

Background: Traditional metrics of the impact of the Affordable Care Act (ACA) and health insurance marketplaces in the
United States include public opinion polls and marketplace enrollment, which are published with a lag of weeks to months. In
this rapidly changing environment, areal-time barometer of public opinion with a mechanism to identify emerging issues would
be valuable.

Objective: We sought to evaluate Twitter’s role as a real-time barometer of public sentiment on the ACA and to determine if
Twitter sentiment (the positivity or negativity of tweets) could be predictive of state-level marketplace enrollment.

Methods: We retrospectively collected 977,303 ACA-related tweets in March 2014 and then tested a correlation of Twitter
sentiment with marketplace enrollment by state.

Results: A 0.10 increase in the sentiment score was associated with an 8.7% increase in enroliment at the state level (95% ClI
1.32-16.13; P=.02), a correlation that remained significant when adjusting for state Medicaid expansion (P=.02) or use of a
state-based marketplace (P=.03).

Conclusions: This correlation indicates Twitter's potential as a real-time monitoring strategy for future marketplace enrollment
periods; marketplaces could systematically track Twitter sentiment to more rapidly identify enrollment changes and potentially
emerging issues. As arepository of free and accessible consumer-generated opinions, this study reveals a novel role for Twitter
in the health policy landscape.

(J Med Internet Res 2015;17(2):e51) doi:10.2196/jmir.3812
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Introduction

The Patient Protection and Affordable Care Act (ACA), often
referred to as Obamacare, established health insurance
marketplaces in 2013 to extend coverage to more Americans.
The health insurance marketplaces, al so known as* exchanges”,
are Web-based platforms where consumers can compare and
purchase health insurance plans [1]. In the marketplaces’ first
year, the majority of US states used the federal marketplace on
HealthCare.gov (eg, federally facilitated marketplace), while
17 states set up their own health insurance exchange websites
(eg, state-based marketplace) [2]. However, the ACA has been
publicly debated, and the marketpl aces struggled with technical
issuesin thefirst open enrollment period from October 2013 to
April 2014, which wasthetime period designated for consumers
to purchase a new health insurance plan in the marketplaces
[3-10].

With such monumental and sometimes controversial changes,
both supporters and opponents awaited measures of success or
failure that included surveys of public support for the ACA and
reports of marketplace enrollment, meaning the number of
people purchasing health insurance plans in the marketplace
(eg, marketplace plans) by state [11-14]. The release of these
traditional metrics, however, lagged weeks to months. This
delay was particularly relevant for the marketplaces as federal
and state agencies worked to understand what was happening
and address issues as they arose. In this rapidly changing
environment, a real-time barometer of public opinion with a
mechanism to identify emerging issues would have been
valuable.

Twitter, an online micro-blogging social mediaoutlet that allows
for measure of public sentiment, is a potential new tool to
monitor the rollout of major health policy. Twitter sentiment
(the positivity or negativity of tweets) has previously been used
to measure public perception on arange of health topics, from
disease outbreaks and disaster response to health care quality
and health reform [15-18]. In the debate around the ACA,
Twitter became a prominent platform for scrutiny and praise.
Twitter members used hashtag terms #ACA and #Obamacare
to track these conversations. In this study, we sought to evaluate
Twitter’'s role as a real-time barometer of public sentiment on
the ACA and to determine if Twitter sentiment could be
predictive of state-level marketplace enrollment.

Methods

Overview

To evaluate the relationship between Twitter sentiment and
marketplace enrollment, we retrospectively  collected
ACA-related tweets by state and then tested a correlation of
Twitter sentiment with marketplace enrollment by state.

Twitter Data Collection

We collected ACA-related tweetsfrom March 1-31, 2014, using
the Twitter Search Application Programming Interface [19].
Specifically, we selected all tweets containing theterms“ACA”,
“#ACA”, “Obamacare”, and “#Obamacare” (atotal of 977,303
tweets) as well as those that were directed toward the Twitter
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account handlesfor HealthCare.gov (eg, @HealthCaregov) and
the 17 state-based marketplace Twitter accounts (an additional
34,605 tweets; see Multimedia Appendix 1). Additionally, we
collected arandom sampl e of 977,303 tweetsfrom March 2014
to use as a comparison group for the sentiment of ACA and
Obamacare tweets.

Tweet content and geolocation data, when available, were
extracted. Twitter provides latitude and longitude coordinates
or the self-reported location of the Twitter user. For the
self-reported location, we matched the location text with state
names, state abbreviations, and the 60 most populated citiesin
the United States. To verify this automatic technique, we
manually examined 400 randomly sel ected mappings and found
99% accuracy.

Twitter Sentiment

Twitter sentiment was measured using the National Research
Council (NRC) sentiment lexicon [20]. The lexicon contains a
list of 54,120 words al ong with sentiment weightsranging from
positive values for positive sentiment to negative values for
negative sentiment (eg, the word “excellent” has a positive
sentiment weight, while“awful” isnegative). The NRC lexicon
was created in a data-driven fashion by analyzing tweets with
positive and negative sentiment hashtags. Specificaly,
Mohammad et al use the point-wise mutual information metric
to find an association between words and their being a part of
atweet with a positive or negative sentiment hashtag [20]. The
lexicon was validated against a hand-annotated set of tweets as
part of the SemEval-2012 sentiment task and was found to
perform with an F1 value of 0.65. We are not aware of any
lexicon achieving better accuracy over astandard set of Twitter
data

To apply the lexicon to a tweet, we computed the relative
frequency for each word in the tweet (eg, the word frequency
divided by total number of words in the tweet) and word
sentiment scores per tweet by multiplying the sentiment weight
by the relative frequency of each word. A single sentiment score
for each tweet was produced by summing all word sentiment
scoresfor thetweet. Thisisillustrated in the following equation
where sentiment(word) isthe NRC lexicon sentiment score for
the word, frequency is the number of times the word occurred
inthetweet, and frequency_all_words givesthe number of (non
unique) word instances in the tweet:

sentiment score(tweet) = X\ odemes SENtiMent(word) *
frequency(word, tweet)/frequency_all_words(tweet)

These scores were then standardized by Z scores, and a state’s
sentiment score was calculated as the average sentiment of
tweets in the state.

The NRC sentiment lexicon has been used to produce
state-of-the-art accuracies for general domain tweets [20].
However, because our ACA corpus of tweetsis biased compared
to general tweets, we validate the NRC sentiment lexicon over
our tweets. We randomly sampled 300 tweets from our corpus
and had 2 raters score the sentiment from -3 (extremely
negative) to O (neutral) to 3 (extremely positive); interrater
reliability was strong (intraclass correlation=.72). We found the
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NRC sentiment lexicon was significantly correlated with the
mean of the human ratings (r=.26; P<.001).

Marketplace Enrollment Data

We used health insurance marketplace enrollment data by state
from the Office of the Assistant Secretary for Planning and
Evaluation and the Kaiser Family Foundation, which provides
the number of people who selected a new health insurance plan
in the marketplaces through March 31 and the special extended
enrollment period through April 19, 2014 [12,21]. The total
number of consumers eligible to enroll in a marketplace plan
included legally residing individuals who were uninsured or
purchased non-group coverage, had incomes above
Medicaid/CHIP €eligibility levels, and who did not have access
to employer-sponsored coverage. The estimate excluded
uninsured individuals with incomes below the federal poverty
level in statesthat did not expand Medicaid [12,22]. The percent
eligible who selected a plan represented the number of
participants who selected a marketplace plan (with or without
receipt of the first premium payment) divided by the total
number of consumers eligible to enroll in a marketplace plan.

Data Analysis

Descriptive statistics and paired t tests were used to assess
Twitter sentiment for ACA and Obamacare tweets, tweets
directed to (eg @) the HealthCare.gov handle and state-based
marketplace handles, and the random sample of comparator
tweets. State Twitter sentiment for tweets containing ACA,
#ACA, Obamacare, or #Obamacare were mapped using ArcGIS
version 10.1.

The correlation between sentiment for ACA and Obamacare
tweets and the percent of eligible individuals who selected a
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marketplace plan was assessed using a linear regression with
robust standard errors. Adjusted analysis controlling for state
Medicaid expansion [22] and if a state had a state-based or
federally facilitated marketplace [2] were aso conducted.
Vermont was excluded as an outlier since their enrollment rate
was over 2.5 standard deviations above the mean.

All analyseswere conducted using STATA 13.1. The study was
deemed exempt by the University of Pennsylvanialnstitutional
Review Board.

Results

Sentiment for ACA and Obamacare tweets was significantly
more negative compared to the random sample of tweets (0.44
standard deviations [SD] lower, P<.001). Tweets containing
ACA or #ACA had a higher sentiment compared to those with
Obamacare or #Obamacare (0.46 SD higher; P<.001). The
sentiment of tweets at the HealthCare.gov handle was 0.20 SD
lower than tweets at the state-based marketplace handles
(P<.001). Table 1 provides examples of positive and negative
sentiment tweets.

Of the 977,303 tweets, 449,553 (46.00%) were geocoded to the
statelevel. Figure 1 showsthe state-level distribution of Twitter
sentiment for ACA and Obamacare. The mean percent eligible
enrolled across states was 23.5% (SD 11.7%).

A 0.10increasein sentiment score was associated with an 8.7%
increase in enrollment at the state level (95% CI 1.32-16.13;
P=.02) (Figure 2). The correlation remained significant when
adjusting for state M edicaid expansion (P=.02) or whether states
had a state-based or federally facilitated marketplace (P=.03).
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Table 1. Sample tweets with positive and negative sentiment for ACA, Obamacare, and the health insurance marketplaces.

Positive sentiment

Negative sentiment

#ACA or ACA

Obamacare or #Obamacare

Tweetsat state-based marketplaces
(eg, @NY StateofHealth, @Mary-
landConnect)

Tweets at HealthCare.gov
(@HeathCaregov)

It'ssuch arelief to have AFFORDABLE health in-
surance while just working part-time. My policy
starts 4/1 and I'm so grateful for the ACA!

Another family covered under ACA in Texas-- my
son & his family with pre-existing conditions of
asthma & epilepsy! #ACAworks

Healthy citizens are the greatest asset any country
can have. ~Winston Churchill~ #GetCovered
#ObamaCare

#Obamacare is a#HUGE Success! Run on that
record!

Thanks to @CoveredCA, my mom has insurance
for the 1st time in 3 years & amp; can get new
glasses for thefirst timein +10 years #ACA
#thankyou

@A ccessHea thCT | am excited to share that we
will be having an ACA recognition brunch this
weekend here at CHC-Middletown #enrol ICT

@Hea thCareGov | found a plan (or two) for less
than $50... praise God, cause lord knows I'm broke
phi broke. #ACA #ThankYou

Best part of my week: When | took out my wallet
for copay at the dr. and was reminded checkups
now free. Thanks @HealthCareGov! #ACA

His 38% approval belies an unprecedented level of distrust.
Hishyper partisanship has destroyed his credibility! @GOP
#IRS #ACA #Benghazi

RT If you are aVictim of ObamaCare #ACA #ObamaCare
#CNN #Tcot #Pjnet #Hannity #NRA #Benghazi #NSA #IRS
@CNN #0Obama

Once again @BarackObamaiis breaking the law by telling
illegalsto enroll in ObamaCare and the taxpayer will pay
their insurance cost

@BarackObamal rather pay penalty then enroll to expensive
#obamacare sucks

@NMHIX -Obamacare is ajoke. Should trash what is left
of it and leave the folks alone to figure their needs.

Concerning how | CANT get #ObamaCare in #Maryland
NO customer service for password issues. BIG #FAIL for
@MarylandConnect

@HealthCareGov @BarackObamaHow is Obamacare going
towork if u can't even get the website or the enroll by phone
to work? | want to sign up

@Hea thCareGov @WhiteHouse Obamacare is anti-choice
and hurts people...
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Figure 1. Sentiment of tweets about the Affordable Care Act or Obamacare by state, March 2014. Twitter sentiment (the positivity or negativity of
tweets with higher sentiment scores indicating more positive sentiment) are presented in quartiles.
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Figure 2. Correlation between Twitter sentiment and health insurance marketplace enrollment by state, March 2014. Abbreviations indicate US state.

Vermont excluded due to outlier marketplace enrollment.
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Principal Findings

In our study conducted during the first open enrollment period
of the health insurance marketpl aces, we identified a significant
correlation at the US state level between the ACA-related
Twitter sentiment and the percent of eligible individuals who
enrolled in amarketplace plan under the ACA. Thiscorrelation
indicates the potential for Twitter to be a real-time monitoring
strategy for future health insurance marketplace enrollment
periods. Marketplaces could leverage systematic tracking of
Twitter sentiment through commercially available software
packages to more rapidly identify signals that indicate changes
in marketplace enrollment, including emerging issues[23]. For
example, a down-trending Twitter sentiment may indicate a
problem in the marketplace, which could be further delineated
by examining the content of negatively skewed tweets.

Strengths and Limitations

Our study was limited by examination of a single month of
Twitter and marketplace enrollment data, though March 2014
enrollment surpassed all prior months [21]. Further analyses
are needed to assessif the correlation remains robust in the next
open enrollment period and if content analyses could be used
to address emerging issues in rea time. Additionaly,
non-geocoded tweets that were excluded from analysis may
have differed from those that were geocoded, though the
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further examination of states in which Twitter sentiment and
marketplace enrollment were discordant are needed.

Of note, some studies using social media have recently come
under scrutiny for manipulating people and violating their
privacy [24,25]. Concernfor such research was directed toward
both the use of private data and the performance of an
intervention without a clear informed consent. Neither of those
properties apply to this study: we used public archival dataand
did not attempt to intervene on Twitter users' lives. We believe
studies like ours, which simply present statically grounded
observations over public data, pose no risk to individuals and
present no ethical concerns. Our study was approved by the
University of Pennsylvania's Institutional Review Board under
“exempt” status.

Conclusions

Twitter isarepository of free and accessible consumer-generated
opinions [26]. Our study addsto abody of work indicating that
Twitter is an emerging part of the health and health policy
landscape[15,27-30]. The novel methodology used in our study
linking Twitter sentiment to ACA implementation data may be
an innovative way to inform how to improve the health care
system in real time and may be applicable to other settings as
health policy is implemented [15]. As the public debate over
the ACA continues and federal and state marketplaces deal with
the November 2014 open enrollment session, those managing
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the marketpl aces and monitoring the ACA rollout may consider  adding Twitter to their data and eval uation toolkit.
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Abstract

Background: In spite of the growing literature in thefield of e-epidemiology, clear evidence about computer literacy or attitudes
toward respondent burden among e-cohort participantsis largely lacking.

Objective: We assessed the computer and Internet skills of participants in the NutriNet-Santé Web-based cohort. We then
explored attitudes toward the study demands/respondent burden according to levels of computer literacy and sociodemographic
status.

Methods: Self-reported data from 43,028 e-cohort participants were collected in 2013 via a Web-based questionnaire. We
employed unconditional logistic and linear regression analyses.

Results: Approximately one-quarter of participants (23.79%, 10,235/43,028) reported being inexperienced in terms of computer
use. Regarding attitudes toward participant burden, women tended to be more favorable (eg, “ The overall website useis easy”)
than were men (OR 0.65, 95% CI 0.59-0.71, P<.001), whereas better educated participants (>12 years of schooling) were less
likely to accept the demands associ ated with participation (eg, “| receive questionnairestoo often”) compared to their less educated
counterparts (OR 1.62, 95% CI 1.48-1.76, P<.001).

Conclusions: A substantial proportion of participants had low computer/Internet skills, suggesting that this does not represent
abarrier to participation in Web-based cohorts. Our study al so suggeststhat several subgroups of participantswith lower computer
skills (eg, women or those with lower educational level) might more readily accept the demands associated with participation in
the Web cohort. These findings can help guide future Web-based research strategies.

(J Med Internet Res 2015;17(2):€34) doi:10.2196/jmir.3813

KEYWORDS
computer literacy; Internet; cohort study; attitudes

: (cost-effectiveness, convenience regarding place/time of survey
Introduction completion, ease of converting data to an analyzable format)
The use of Web-based questionnaires in prospective and scientific advantages (improved quality ar_ld quantity of
epidemiological studies has increased steadily over the past ©XPOSure measurement, complex research designs, siudy of

decade [1-11], driven by substantial logistic simplification SenSitive topics or rare conditions) of Web compared to
traditional methods (paper-and-pencil  questionnaires,
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face-to-face interviews). Other features, such as recruitment of
very large samples and hard-to-reach populations (low
socioeconomic strata, risky behavior profiles), quick returns,
and data management facility and flexibility, are also strengths
of e-epidemiology [12,13]. This medium for data collection is
being increasingly favored given the growth of Web access and
the use of personal computers[2]. In the United States, 75% of
households were connected to the Internet in 2012 [14]. In
France, this proportion was similar in 2012 (78%) compared to
54%in 2007 [15]. In this context, it remains unknown the extent
to which low computer and Internet literacy represent abarrier
to participation in Web-based studies. Very few Web-based
epidemiological studies have provided information about the
level of computer and Internet skills of their participants [16].

Another key question pertains to perceived respondent burden
in Web-based studies (eg, regarding frequency and length of
guestionnaires) and its variability according to computer skills,
age, gender, and the educational level of participants. Indeed,
it has been shown that perceived ease and user-friendliness of
the study website and the level of perceived difficulty of
guestionnaire compl etion may have amajor impact on response
and completion ratesin e-epidemiology [17-19]. However, data
are lacking in the literature regarding opinions and acceptance
of respondent burden in Web-based studies and its correlation
with computer skills of participants. Filling this knowledge gap
would be useful for ongoing and future Web-based cohort
studies, for instance, for improving and adapting the design of
guestionnaires according to the target population.

Thus, our objectives were (1) to assess computer and Internet
skills of participants in a large Web-based cohort (the
NutriNet-Santé study) and (2) to compare their attitude toward
study demands according to sociodemographic background and
computer literacy.

Methods

Participants

The ongoing NutriNet-Santé study is the first large-scale Web
cohort set up to investigate the relationships between nutrition
and health in the general population [4]. It was launched in
France in May 2009 to evaluate the determinants and
characteristics of eating behavior and the relationship between
nutrition and chronic disease risk. Participants are recruited by
avast multimediacampaign. Inclusion criteriaare age=18 years
and access to the Internet. Registration and participation take
place online using a dedicated and secure website. Participants
receive regular emailsinforming them about anew questionnaire
available for completion and communicating study results and
news etters. The study website also provides general information
on health and nutrition topics and on scientific publications
related to the cohort. Contact between investigators and study
participants is established by the Internet (dedicated website
and emails). This study was approved by the Institutional
Review Board of the French Institute for Health and Medical
Research (IRB Inserm No 0000388FWA00005831) and the
“Comission Nationaledel’ Informatique et desLibertés’ (CNIL
No 908450 and No 909216).

http://www.jmir.org/2015/2/e34/
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Data Collection

Participants completed a basdline set of 5 self-administered,
Web-based questionnaires on sociodemographic and lifestyle
characteristics, anthropometrics, dietary intake (using repeated
24-hour dietary records), and physical activity along with health
status. Thereafter, these baseline questionnairesare administered
each year to update theinformation. All these instruments have
been tested against traditional assessment methods (paper
guestionnaires or interview by a health professional) [20-22].

Data on sociodemographic characteristicsincluded age, gender,
education, and occupation. In October 2013, participants were
sent acomputer literacy Web questionnaire in which they were
asked to self-evaluate their level of computer skills (novice,
inexperienced, experienced, or expert) and to report if they were
able to perform specific computer/Internet tasks in order to
evaluatetheir computer literacy profile. Thisquestionnaire also
aimed to gather information on perceived respondent burdenin
the NutriNet-Santé study (ease of website use, interest in the
information section, acceptabl e frequency and completion time
of the questionnaires, satisfaction with the communication
between study staff and participants, potential interest in a
NutriNet-Santé smartphone application). This questionnaire
was not mandatory and no reminders were sent to
nonresponders.

Statistical Analyses

From the 123,984 participants included in the NutriNet-Santé
study between May 2009 and October 2013, 43,028 individuals
(34.70%) returned the optional questionnaire on computer skills
and Internet use.

Sociodemographic characteristics are presented in a
frequency/percent format for the entire sample: gender, age
(<30 years, 30-44 years, 45-59 years, =60 years), educational
level (>12 or <12 years of schooling), and occupational category
(farmers, manual workers, employees, intermediate professions/
skilled office work, self-employed, managerial staff, never
employed). Similarly, overall and task-specific computer skills
are presented in a frequency/percent format.

Opinions about respondent burden in the NutriNet-Santé study
were compared by multivariate unconditional logistic regression
analyses according to soci odemographic characteristics (gender:
women vs men; age: >50 years vs <50 years; education: >12
years vs <12 years of schooling) and self-evaluated level of
computer skills (experienced-expert vs novice-inexperienced).
Actual and self-perceived acceptabl e questionnaire completion
timeswere compared by multivariate linear regression analyses
according to the same sociodemographic characteristics and
self-evaluated level of computer skills. These variables were
log-transformed to improve normality. Adjusted means and
standard errors (SE) were reported. Multivariate models were
mutually adjusted for gender, age, educational level, and
self-evaluated level of computer skills.

A Pvaue<.05was considered statistically significant. Analyses
were carried out with SAS version 9.3 (SASIngtitute Inc, Cary,
NC, USA).
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Results

Sociodemographic characteristics of the study population
(N=43,028) are presented in Table 1. In al, 76.07%
(32,731/43,028) of the participants were women and the mean
age was 51.2 years (SD 14.5). The sample included 35.16%

Pouchieu et al

(15,130/43,028) manageria staff, 28.37% (12,209/43,028)

intermediate  professiong/skilled office work, 26.83%
(11,544/43,028)  technical/routine  occupations, 2.83%

(1217/43,028) self-employed, 2.77% (1191/43,028) farmers
and manual workers, and 4.04% (1737/43,028) never-employed
participants (current occupation or most recent job for retired
or currently unemployed participants).

Table 1. Baseline characteristics of respondents to the computer literacy questionnaire, NutriNet-Santé cohort, France, 2013.

Individual characteristics

French population, 29 Full NutriNet-Santé co-
hort, n (%) (N=123,984
(N=48,730,086) ort, n (%) (N=123,984)

Respondents to the computer
literacy questionnaire, n (%)

(N=43,028)

Gender
Female 52.4 96,912 (78.16) 32,731 (76.07)
Male 476 27,072 (21.84) 10,297 (23.93)
Age categories (years)
<30 22.8 18,518 (14.94) 4298 (9.99)
30-44 24.8 40,432 (32.61) 10,626 (24.70)
45-59 2438 35,923 (28.97) 13,623 (31.66)
=60 276 29,111 (23.48) 14,481 (33.65)
Educational level
Advanced/graduate degree (=17 y of schooling) 13.0 40,274 (32.48) 14,457 (33.60)
Undergraduate degree (13-16 y of schooling) 119 36,579 (29.50) 12,663 (29.43)
Secondary degree (<12 y of schooling) 17.6 43,070 (34.74) 14,526 (33.76)
Elementary degree (<5y of schooling) 40.2 2375 (1.92) 942 (2.19)
No degree 17.3 1686 (1.36) 440 (1.02)
Level of computer skills
Expert 5365 (12.47)
Experienced 27,428 (63.74)
Novice 9288 (21.59)
Inexperienced 947 (2.20)

@National Institute of Statistics and Economic Studies (INSEE), 2014.

Computer and Internet Skills

A substantial proportion of the participants (23.79%,
10,235/43,028) eval uated themsel ves as novice or inexperienced
in computer use. This was illustrated by the description of
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specific skills (Table 2). For instance, 36.42% (14,881/43,028)
did not know usual keyboard shortcuts (eg, CTRL+C,
CTRL+V), 38.74% (16,667/43,028) did not know how to post
messages on discussion forums, and 37.53% (16,147/43,028)
did not know how to place atelephone call by the Internet.
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Table 2. Self-reported computer and Internet skills of participants (n=43,028), NutriNet-Santé Study, France, 2013.

Self-reported computer and Internet skills Positive responses, n (%)

Computer skills

Copy or move afile or folder 39,693 (92.25)
Transfer files between a computer and a device (digital camera, USB stick, cell phone, etc) 37,827 (87.91)
Burn or copy a CD/DVD 32,466 (75.45)
Install new devices (modem, printer, scanner, webcam, etc) 31,465 (73.13)
Use basic arithmetic formulasin a spreadsheet (Excel, Open Office Calc, etc) 27,357 (63.58)
Create electronic presentation 25,102 (58.34)
Use keyboard shortcuts (CTRL+C, CTRL+V, CTRL+X, etc) 28,147 (65.42)
Compress/decompress (or zip) files 23,794 (55.30)
Install or update an operating system (Windows XP, Windows 7, Windows 8, Mac OS, Linux) 18,992 (44.14)
Change or check the configuration settings for a software 18,352 (42.65)
Upgrade a computer (desktop or laptop) by changing the hard disk or memory (RAM) 6614 (15.37)
Write acomputer program (C, C++, PHP, HTML, Java, etc) 3359 (7.81)
Internet skills

Use a search engine (Google, Yahoo, Bing, etc) 42,288 (98.28)
Send emails with attached files (document, photo, etc) 41,333 (96.06)
Fill in administrative forms online 39,718 (92.31)
Buy or sell goods and services online 36,509 (84.85)
Use instant messaging software (Yahoo, Facebook, Skype, Windows Messenger, Google Talk, etc) 29,522 (68.61)
Phone by connecting to the Internet (Skype, Yahoo Messenger, Google Talk, etc) 26,881 (62.47)
Post messages in online discussion forum or chat site 26,361 (61.26)
Download movies, music, games, etc 26,019 (60.47)
Change the security parameters of a Web browser 24,019 (55.82)
Upload text, games, photos, movies or music (on socia networks like Facebook or Twitter, for example) 21,025 (48.86)
Create and manage a blog 10,158 (23.61)
Create and manage a website 6435 (14.96)

Opinions and Attitudes Toward Study Demands

(40,662/43,028) reported that the website usewas easy, 91.32%  (Tables 3 and 4).
(39,293/43,028) were satisfied with the current frequency of

guestionnaire administration, and 25.22% (10,852/43,028)
_ reported that even a higher frequency than the one currently
Overal acceptance of the study was high: 94.50% employed (ie, 1 questionnaire/month) would be acceptable
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Table 3. Opinions and attitudes toward the NutriNet-Santé Study demands according to gender and age, NutriNet-Santé Study, France, 2013.2

Opinions and attitudes n (%) Gender (female vs male) Age (>50y vs<50y)
OR (95% Cl) PP OR(95%Cl) pb
Theoverall website useis easy <.001 .06
Agree 40,662 (94.50) 1.00 (Reference) 1.00 (Reference)
Disagree 2366 (5.50) 0.65 (0.59, 0.71) 1.09 (1.00, 1.19)
Theinformation section isinteresting <.001 <001
Agree 29,231 (67.93) 1.00 (Reference) 1.00 (Reference)
Disagree 2042 (4.75) 0.61 (0.55, 0.68) 0.62 (0.56, 0.68)
| don't read these sections 11,755 (27.32) 0.90 (0.86, 0.95) 0.52 (0.50, 0.55)
What do you think about the frequency of the questionnaire mailing? <.001 <001
The current frequency suits me 39,293 (91.32) 1.00 (Reference) 1.00 (Reference)
| receive questionnaires too often 2900 (6.74) 0.80(0.73, 0.87) 1.25(1.15, 1.35)
| would like to receive questionnaires more often 835 (1.94) 1.01(0.85, 1.21) 0.30 (0.25, 0.35)
What isthe maximum acceptable frequency to complete a questionnaire? .07 <001
Once per week 2126 (4.94) 0.96 (0.86, 1.07) 0.32(0.29, 0.36)
Once every 2 weeks 8726 (20.28) 0.99 (0.94, 1.06) 0.51 (0.49, 0.54)
Once per month (ie, current frequency) 24,936 (57.95) 1.00 (Reference) 1.00 (Reference)
Once every 3 months 6138 (14.27) 1.00(0.94, 1.07) 1.37 (1.29, 1.46)
Once every 6 months 829 (1.93) 0.75 (0.64, 0.88) 1.53(1.31, 1.80)
Once per year 273 (0.63) 0.67 (0.52, 0.87) 1.85(1.39, 2.47)
Would you prefer to be contacted by means other than the Internet?
Yes, by mail 2206 (5.13) 1.35(1.20, 1.52) <00l 0.57(0.52, 0.62) <001
Yes, by phone 1123 (2.61) 0.83(0.73, 0.96) 0l 0.78(0.69,0.89) <001
Yes, with a personal appointment 1441 (3.35) 0.77 (0.69, 0.87) <.001 1.08(0.96,1.21) .20
Yes, at ameeting 1037 (2.41) 1.31(1.12, 1.53) <001 1.89(1.64,2.17) <001
No, the current method suits me 37,221 (86.50) 0.96 (0.89, 1.02) .20 1.16 (1.10, 1.24) <001
Areyou interested in the development of a NutriNet smartphone application? <.001 <001
Yes 8970 (20.85) 1.00 (Reference) 1.00 (Reference)
No 27,385 (63.64) 1.25(1.18, 1.33) 3.24(3.07, 3.42)
| don’t know 6673 (15.51) 1.10 (1.02, 1.19) 2.28 (2.13, 2.44)

| ogistic regression analyses mutually adjusted for gender, age, education, and level of computer skills.
b Testsfor linear trend were performed using the ordinal score for each category. P values for trend are reported.
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Table 4. Opinions and attitudes toward the NutriNet-Santé Study demands according to education and self-evaluated level of computer skills,

NutriNet-Santé Study, France, 2013.2

Opinions and attitudes n (%)

Educational level (>12y vs<12y Level of computer skills (experi-

of schooling) enced vs novice)
OR (95%Cl) pb OR (95%Cl) pb
Theoverall website useis easy <.001 <.001
Agree 40,662 (94.50) 1.00 (Reference) 1.00 (Reference)
Disagree 2366 (5.50) 1.45 (1.32, 1.59) 0.82(0.74, 0.91)
Theinformation section isinteresting <.001 <.001
Agree 29,231 (67.93) 1.00 (Reference) 1.00 (Reference)
Disagree 2042 (4.75) 2.05 (1.85, 2.28) 1.16(1.03, 1.31)
| don't read these sections 11,755 (27.32)  2.17 (2.07, 2.28) 1.14(1.07, 1.20)
What do you think about the frequency of the questionnaire mailing? <.001 .10
The current frequency suits me 39,293 (91.32) 1.00 (Reference) 1.00 (Reference)
| receive questionnaires too often 2900 (6.74) 1.62(1.48, 1.76) 0.95 (0.86, 1.04)
| would like to receive questionnaires more often 835 (1.94) 0.61 (0.53, 0.70) 1.18(0.98, 1.42)
What isthe maximum acceptable frequency to complete a questionnaire? <.001 <.001
Once per week 2126 (4.94) 0.68 (0.62, 0.74) 1.14(1.01, 1.28)
Once every 2 weeks 8726 (20.28) 0.98 (0.93, 1.04) 1.18(1.11, 1.26)
Once per month (ie, current frequency) 24,936 (57.95) 1.00 (Reference) 1.00 (Reference)
Once every 3 months 6138 (14.27) 1.03(0.97, 1.09) 0.95 (0.89, 1.01)
Once every 6 months 829 (1.93) 1.15(0.99, 1.33) 0.83(0.71, 0.98)
Once per year 273 (0.63) 1.04 (0.82, 1.35) 0.87 (0.66, 1.15)
Would you prefer to be contacted by means other than the Internet?
Yes, by mail 2206 (5.13) 0.70 (0.64, 0.76) <001  0.50(0.46, 0.55) <.001
Yes, by phone 1123 (2.61) 0.85 (0.75, 0.96) 01 0.67 (0.59, 0.77) <.001
Yes, with a personal appointment 1441 (3.35) 0.97 (0.86, 1.08) .50 0.71 (0.63, 0.80) <.001
Yes, at ameeting 1037 (2.41) 0.87 (0.77, 0.99) 04 0.97 (0.84, 1.12) .70
No, the current method suits me 37,221 (86.50) 1.25(1.18, 1.33) <.001 1.62(1.52,1.72) <.001
Areyou interested in the development of a NutriNet smartphone application? .001 <.001
Yes 8970 (20.85) 1.00 (Reference) 1.00 (Reference)
No 27,385(63.64) 1.0 (0.95, 1.06) 0.40 (0.38, 0.43)
| don’t know 6673 (15.51) 0.90 (0.84, 0.97) 0.52 (0.48, 0.57)

8| ogistic regression analyses mutually adjusted for gender, age, education and level of computer skills.
b Testsfor linear trend were performed using the ordinal score for each category. P values for trend are reported.

Inall, 86.50% (37,221/43,028) of the respondents preferred the
current communi cation modes (email and Internet website) and
did not wish to be contacted by any other means (telephone,
postal mail, or face-to-face interaction).

Despitetheir relatively lower computer skills (P<.001), women
were more positive than men regarding facility of use of the
study website (“ The overall website useiseasy” OR 0.65, 95%
Cl 0.59-0.71, P<.001), reported moreinterest in theinformation
section (P<.001) and supported the current frequency of
guestionnaire administration (P<.001) (Table 3). Alternative
contact modes (eg, postal mail or participant i n-person meetings)
were more frequently endorsed by women, whereas other

http://www.jmir.org/2015/2/e34/

RenderX

communication modalities (eg, telephone or direct appointments
with study staff) were more likely to be endorsed by men.

Older participants (>50 years) were more interested in the
information section on the website (P<.001, Table 3) yet also
more inclined to report dissatisfaction with the number of
administered questionnaires (“ | receive questionnairestoo often”
) compared with participants aged 50 years or younger (OR
1.25, 95% CI 1.15-1.35, P<.001).

Despite having higher computer skills (P<.001), participants
with higher educational levels appeared to be more demanding
regarding the study format compared with participantswith <12
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years of schooling: they were more likely to judge unfavorably
the ease of use of the website (OR 1.45, 95% CI 1.32-1.59,
P<.001) and reported lower interest in the information section
as well as dissatisfaction with the number of administered
guestionnaires (P<.001 for all, Table 4). In contrast, the Internet
communication mode was preferred over more direct contacts
by participants with higher education (P<.001).

Participants with higher computer skills were more likely to
feel comfortable with the website and with online
communication regarding their study participation (both P<.001,
Table 4).

Overall, 20.85% (8970/43,028) of participants reported being
interested in the development of a NutriNet-Santé smartphone

Pouchieu et al

app. Men, younger people, and participants with higher
self-reported computer skills were more interested in such an
app (al P<.001).

Actual and Self-Perceived Acceptable Questionnaire
Completion Time

Questionnaire completion time was higher for women, older
participants, those with lower educational levels, and lower
computer skills(Tables5 and 6). These categories of participants
were more disposed to spend time answering questionnaires,
with higher acceptable completion durations declared (P=.004
for gender and P<.001 for age, educational level, and computer
skills).

Table 5. Comparison of mean response time for questionnaires (in minutes) according to gender and age, NutriNet-Santé Study, France, 2013.2

Type of questionnaire Gender Age

Female Male P >50y <50y P

Mean SEM Mean SEM Mean SEM Mean SEM
Sociodemographic 140 0.05 13.3 0.09 <.001 149 0.06 12.4 0.08 <.001
Anthropometric 109 0.05 10.4 0.08 <.001 11.6 0.05 9.6 0.07 <.001
Hedlth 121 0.05 12.0 0.09 40 13.6 0.06 10.5 0.08 <.001
Physical activity 12.2 0.05 114 0.08 <.001 127 0.06 10.9 0.07 <.001
Dietary intake 22.6 0.08 225 0.15 .50 245 0.10 205 0.13 <.001
Completion time deemed acceptablefor  33.9 0.44 316 0.77 .004 36.4 0.51 29.2 0.68 <.001

a NutriNet-Santé questionnaire

@ inear regression analyses mutually adjusted for gender, age, education, and level of computer skills. Mean completion time of questionnaires was

log-transformed to improve normality.

Table 6. Comparison of mean response time for questionnaires (in minutes) according to educationa level and self-evaluated computer skills,

NutriNet-Santé Study, France, 2013.2

Type of questionnaire Educational level

Level of computer skills

>12y <12y P Experienced Novice P

Mean SEM  Mean SEM Mean SEM  Mean SEM
Sociodemographic 12.9 0.07 144 0.08 <001 127 0.05 14.6 0.09 <.001
Anthropometric 9.6 0.06 11.6 0.07 <.001 929 0.05 11.3 0.08 <.001
Health 10.9 0.07 132 0.08 <001 112 0.05 130 0.09 <.001
Physical activity 11.2 0.06 12.4 0.07 <.001 110 0.05 126 0.08 <.001
Dietary intake 225 0.11 225 0.12 .90 21.0 0.09 24.0 0.15 <.001
Completion time deemed acceptablefor  29.3 0.55 36.3 064 <.001 29.7 044 359 0.77 <.001

a NutriNet-Santé questionnaire

@ inear regression analyses mutually adjusted for gender, age, education, and level of computer skills. Mean completion time of questionnaires was

log-transformed to improve normality.

Discussion

To our knowledge, this study is the first to shed light on
computer skills and attitudes toward study demands of alarge
sample of French volunteersin a Web-based cohort. The main
results showed that a substantial proportion of the participants
(approximately one-quarter) declared being inexperienced or
novice in computer use. Women tended to be more positive

http://www.jmir.org/2015/2/e34/

than men toward the study and its format, whereas participants
with higher educational levels were less likely to be satisfied
with the study demands, notably regarding the frequency and
completion time of the questionnaires.

A key question in e-epidemiology pertainsto the extent to which
low computer skills represents abarrier to participation. Every
year, the European Union Commission collects data on the
digital skills of the population, measured by asking individuals
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if they had ever performed certain computer and/or
Internet-related activities (Eurostat). In their 2012 report, 41%
of the French population reported having either low or no
computer skills [23]. The proportion of novice/inexperienced
computer users was lower in our study population (24%). This
was expected because access to the Internet was an inclusion
criterion and since higher socio-professional categories were
dightly (and commonly) overrepresented. Individuals in the
latter category may have acquired a more practical and
administrative use of the Web [24] given its regular use in the
framework of their professional activity or during their
university studies. Likewise, the proportion of NutriNet-Santé
participants who could “instal new  devices/’
“compress/decompressfiles,” or “ use basic arithmetic formulas
in aspreadsheet” was higher than observed in the French general
population [25,26]. Our study population seemed to be better
qualified for a more practical/working use of the Internet than
for a leisure/entertainment use, with higher proportions of
participantswho could “ send emailswith attached files” or “fill
in administrative forms onlineg’ and lower proportions of
participants who could “download movies, music, games’ or
“upload texts, games, photos, movies, or music.” The older age
of our cohort compared to the French general population
probably contributes to explain these differences. However, a
notable finding was that the proportion of computer
novicelinexperienced participants was non-negligible suggesting
that participation in Web-based cohorts is not restricted to
computer experts. Given the rapid increase in digital skills
among EU citizens [23], there is a marked trend of ever
decreasing barriers related to computer literacy.

Interestingly, several categories of participants with lower
computer skills (eg, women or participants with lower
educational levels) were more positive toward the study and
more accepting of the respondent burden. Indeed, overall
satisfaction was high regarding the design of the study, with
the majority of participants reporting support for parameters
that are currently in effect in terms of questionnaire frequency
(about 1/month) and time needed for completion (less than 30
minutes/questionnaire). However, sociodemographic
characteristics modulated these opinions. In addition to their
higher participation (76%, which was expected for a study
related to nutrition questions), females tended to be more
motivated and satisfied by the study than were their male
counterparts. Unlike older adults (>50 years), younger adults
felt more comfortable with the website and the questionnaires.
Interestingly, participants with higher levels of education were
somewhat | ess satisfied with the demands of study participation.
This could be explained by several reasons. First, participants
with higher educational levels are usually exposed to a variety
of digital activities and Internet websites during their
professional activitiesand their leisuretime[24] and, thus, may
be more demanding on the design and the usability of
guestionnaires. Second, asthey spend moretime on the Internet
[27], they are more often del uged with all types of questionnaires
via spam, making them less receptive to the questionnaires of
the study. These results provide useful information for
Web-based study protocol optimization. For instance, when
applicable, ancillary protocols that are optional and do not
necessarily necessitate the recruitment of representative

http://www.jmir.org/2015/2/e34/
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subsamples of the cohort should only be geared toward the most
receptive categories of participantsidentified in this study.

The proportion of respondents who preferred the current
communication modes (email and Internet website compared
to telephone, postal mail, or face-to-face interactions) was high
(87%), especialy in older participants, better educated and with
higher computer skills. However, unlike some previous studies
[28-30], this one was not designed as an experiment to test
response rates according to survey mode, but only to evaluate
the overall satisfaction level of participants regarding the survey
mode. Thus, this figure should be toned down by the fact prior
research indicatesthat respondentstend to prefer the mode they
wereinterviewed in[31]. Overall, the proportion of participants
interested in the development of a NutriNet-Santé smartphone
app wasrelatively limited (21%). In fact, smartphone usein our
study (34% in 2013, data not shown) was less widespread than
in the general French population (50%) [32]. In our sample,
interest in asmartphone app was strongly modul ated by several
parameters; notably, men and younger adults were those who
demonstrated the highest interest. Thus, given the opportunity
to participate in aresearch study via a smartphone application
would provide a strategic opportunity to recruit participants
who are currently underrepresented in the cohort.

Strengths of this study pertain to the use of a large
population-based cohort sample and availability of detailed
information on computer/Internet skills and attitude toward
demands of an Internet-based study, in the context of growing
interest in e-epidemiol ogy coupled with scarce knowledge about
these parameters.

Several limitations should be acknowledged. First, caution is
needed in extrapolating our results to al Web-based
investigations because the NutriNet-Santé study involved a
sample of volunteers who accepted to participate in a survey
on nutrition and health. Compared to national estimates [33],
the NutriNet-Santé study included more women, older
participants, and individuas belonging to higher
socio-professional categories. Second, response rate to this
specific nonmandatory computer/Internet skills questionnaire
was 35%. In fact, nonresponse to this questionnaire did not alter
the enrollment status of the participants. Compared to
nonresponders, responderswere more likely to be men, younger,
and better educated. Thus, we may have underestimated the
proportions of novice/inexperienced computer users. In addition,
the questionnaire was administered 4 years after the launch of
the cohort. Thus, it is possible that this survey underrepresented
participants who might have dropped out of the study due to
difficulties related to computer/Internet use. As is usualy the
case in prospective cohorts in which mandatory and
nonmandatory questionnaires are sent to participants, the level
of involvement varies between participants. When the computer
literacy questionnaire was administered in October 2013, 78,380
participants were regular respondentsto optional questionnaires
(at least 1 questionnairefilled in over the last 6 months). Based
on this population, response rate to the present questionnaire
was higher (55%). Lastly, a social desirability bias may have
occurred since computer and I nternet skillswere self-evaluated,
which may haveled to an overestimation of expertise. However,
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our method was similar to the one used by the EU Commission
for such assessment [23].

In conclusion, thisstudy provided new information on computer
skills and attitude toward study demands according to
sociodemographic profiles of participants involved in a large
population-based Web cohort. These results are useful for
optimizing current and future Web-based investigations, in the
context of rapid development of e-epidemiology and the
currently scarce e-methodology literature. A substantial part of

Pouchieu et al

suggesting that this characteristic does not constitute a barrier
to participation in Web-based cohorts. The finding further
suggested that several categories of participants with lower
computer skills (eg, women or participants with lower
educational levels) were more positive toward the study and
less reluctant to comply with its demands. This study also
highlighted that developing a dedicated smartphone app may
boost interest in participation among categories of participants
who are relatively less represented in health-related e-cohorts,

the study population reported low computer/Internet skills, such as men and young adults.
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Abstract

Background: To improve patient health, recent research urges for medical decision aids that are designed to enhance the
effectiveness of specific medically related decisions. Many such decisions involve complex information, and decision aids that
independently use deliberative (anaytical and slower) or intuitive (more affective and automatic) cognitive processes for such
decisionsresult in suboptimal decisions. Unconscious thought can arguably use both intuitive and deliberative (slow and analytic)
processes, and this combination may further benefit complex patient (or practitioner) decisions as medical decision aids. Indeed,
mounting research demonstratesthat individual s render better decisionsgeneraly if they are distracted from thinking consciously
about complex information after it is presented (but can think unconscioudly), relative to thinking about that information consciously
or not at all.

Objective: The current research tested whether the benefits of unconscious thought processes can be replicated using an Internet
platform for a patient medical decision involving complex information. Thisresearch also explored the possibility that judgments
reported after aperiod of unconscious thought are actually the result of a short period of conscious deliberation occurring during
the decision report phase.

Methods: A total of 173 participants in a Web-based experiment received information about four medical treatments, the best
(worst) associated with mostly positive (negative) side-effectg/attributes and the others with equal positive-negative ratios. Next,
participants were either distracted for 3 minutes (unconscious thought), instructed to think about the information for 3 minutes
(conscious thought), or moved directly to the decision task (immediate decision). Finally, participants reported their choice of,
and attitudes toward, the treatments while experiencing high, low, or no cognitive load, which varied their ability to think
consciously while reporting judgments. Cognitive load was manipulated by having participants memorize semi-random (high),
line structured (low), or no dot patterns and recall these intermittently with their decision reports. Overall then, participants were
randomly assigned to the conditions of a 3 (thought condition) by 3 (cognitive-load level) between-subjects design.

Results. A logistic regression analysisindicated that the odds of participants choosing the best treatment were 2.25 times higher
in the unconscious-thought condition compared to the immediate-decision condition (b=.81, Wald=4.32, P=.04, 95% ClI
1.048-4.836), and 2.39 times greater compared to the conscious-thought condition (b=.87, Wa d=4.87, P=.027, 95% CI 1.103-5.186).
No difference was observed between the conscious-thought condition compared to the immediate-decision condition, and cognitive
load manipulations did not affect choices or alter the above finding.

Conclusions: This research demonstrates a plausible benefit of unconscious thinking as a decision aid for complex medical
decisions, and represents the first use of unconscious thought processes as a patient-centered medical decision aid. Further, the
quality of decisionsreached unconsciously does not appear to be affected by the amount of cognitive load partici pants experienced.

(J Med Internet Res 2015;17(2):€37) doi:10.2196/jmir.3739
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Introduction

Background

To improve or maintain patient health and well-being, it is of
courseimportant that pati ents and/or health-care providers make
the best (or at least beneficial) decisions regarding treatment
options, behaviors, diagnoses, test options, and so forth.
Complicating this, however, these individuals must commonly
consider very complex information to make medical decisions.
Thus, growing research hasinvestigated decision aidsthat might
benefit patients and health-care providers as they consider
complex medical information [1]. Decision aids are generally
used to engage both patients and practitioners in the decision
process, and allow patientsto understand the potential risksand
benefits of a given medical choice. Additionally, decision aids
often incorporate value clarification exercises to help patients
consider the personal values they place on potentia risks and
benefits. For example, patients may go through alist of values,
select the five most important ones, and bear those in mind
while making amedical decision. DeVrieset a [1] suggest that
decision aids can make use of deliberative processes (requiring
intentional and analytical thinking) or intuitive processes (which
are more affective, unconscious, or automatic) to consider
decision-relevant information. Although decision aidsthat make
use of deliberative processes are more common, both types of
processes have strengths and weaknesses for medical decisions.
Regarding this, De Vrieset al warn that decision aid devel opers
“should be aware that the current common practiceto encourage
patients to extensively analyze available choice options,
typicaly immediately after information exposure, lacks solid
theoretical and empirical grounding...and may even have some
harmful side effects to preference construction processes’ (p.
159 [1]) and suggest that optimal decision aids would take
advantage of the complementarity of the two systems [1].
Consistent with thislater suggestion, the current paper explores
the possibility that unconscious-thinking processes[2]—which
theoretically incorporate intuitive processes as well as more
time-demanding and anal ytic unconscious deliberation processes
[3-5]—can provide patients with a valuable decision aid for
complex medical information.

According to Dijksterhuis and Nordgren [2], unconscious
thought is the “object-relevant or task-relevant cognitive or
affective thought processesthat occur while conscious attention
is directed elsewhere” (p. 96 [2]), whereas conscious thought
involvesthese same processes, but within conscious avareness.
They suggest that unconscious thinking processes make use of
vast mental resources, whereas conscious thinking processes
rely on limited resources such as working and short-term
memory. Thus, they argue, individuals often arrive at better
decisions from complex information when they process
information unconsciously (while conscious thinking processes
are distracted from the relevant decision task). Much research
supports this possibility [2,6-11], and generally follows a
paradigm established by Dijksterhuis [6]. In this paradigm,
individuals receive much information about 3-4 targets (eg,

http://www.jmir.org/2015/2/e37/

roommates). Further, one target is associated with mostly
positive attributes, one with mostly negative attributes, and the
other(s) with abalance of positive and negative attributes. Next,
participants report their decisionsregarding, or preferencesfor,
targets either immediately (allowing for minimal conscious or
unconsciousthinking), after 3 minutesin which they think about
the presented information (ie, think conscioudly), or after 3
minutes in which they engage in an unrelated task that distracts
them from thinking consciously about the presented information
(but can still think unconsciously). Typical results demonstrate
an “Unconscious Thought Effect” (UTE) such that participants
inthe“unconsciousthought” condition arrive at better decisions
(prefer the best over the worst target) relative to participantsin
the immediate-decision condition. As well, participants in
conscious-thought conditions often arrive a decisions
comparable to those in the immediate-decision conditions.

Since Dijkterhuis's first article reporting the UTE [6], much
research has either replicated the effect or called the effect into
guestion. A recent Bayesian meta-analysis of 16 studies
conducted by Newell and Rakow [12] does not support the
existence of the UTE, and a study by Huizenga and colleagues
[13] provides additional evidence against the merits of
unconscious thought processes. Conversely, ameta-analysis of
92 studies conducted by Stick et a [14] suggest that the UTE
ismodest but reliable, and research by Creswell and colleagues
[15] provides strong fMRI (functional magnetic resonance
imaging) evidence consistent with the UTE. Creswell and
colleagues addressed important critiques of the UTE by
providing physiological evidencethat the UTE relies on specific
neural reactivation to occur, and that conscious and unconscious
thought processes recruit non-overlapping neural regions [15].
Nevertheless, when considering unconscious thought as a
potential decision aid, developers ought to consider the present
paper as part of a growing literature that deserves a thorough
review before justifying any reforms.

The meta-analysis conducted by Strick et a [14] demonstrated
that the UTE is stronger when the presented information is
complex, the goal to make a decision is emphasized and
formulated in a holistic fashion, and the decision task is
ecologically valid. Thus, unconscious thought may be
particularly suited to aid sound medical decisions;, medical
decisions are typically complex (eg, involving alarge number
of trade-offs between length and quality of life [1]), patients
and health-care providers are generally motivated to find the
best course of treatment, and the outcomes of such decisions
bear real-life consequences that ensure a level of ecological
validity. In fact, an experiment by DeVries and colleagues
investigated the UTE in ahealth context, and demonstrated that
in-training clinical-psychologists (graduate students) achieve
more accurate psychiatric diagnoses following a period of
unconscious versus conscious thinking. However, the present
research sought to investigate the potential benefit of
unconscious thinking as adecision aid for the broad population
of patients (and isthe first to our knowledge to do so), without
specific health or medical training. Thisis noteworthy because
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experts within a given decision domain (eg, training clinicians)
demonstrate the UTE more than non-experts [16] (eg, patients
and the lay-public generally). Thus, demonstrating this effect
on medically related decisions—relative to a “non-thinking”
control group—even among ageneral sample could reveal that
unconsciousthought isauseful decision aid for making complex
medical decisions that affect patient health and well-being.
Further, the reported research addresses a potentia
methodological criticism of past unconscious-thought research:
participants could theoretically think conscioudly whilereporting
their decisions (ie, during the decision phase of the experiment),
even following a period of distraction. If true, the UTE might
actually result from conscious thinking processes. We explore
this possibility by manipulating the amount of cognitive load
participants experience during the decision phase of the
experiment. This is a relevant and ecologicaly valid
mani pulation given the cognitively demanding context of many
medical environments, and is novel within the
unconscious-thought literature.

Current Aims, Experiment Overview, and Hypotheses

The am of the current research was to test whether
patient-centered decisions regarding complex treatment options
are better following a period of unconscious thought relative to
immediate decisions, indicating unconscious thought can be a
beneficial decision aid. For this initid investigation, a
Web-based sample of participants received a cover story
entailing “their” recent hospital admission and diagnosis. Next,
all participants received side-effect/attribute information for
four potential treatments, one of which was the best, one the
worst, and two of which were in the middle. Following this,
participants were randomly assigned to a thought condition in
which they completed a distraction task for 3 minutes
(unconscious), deliberated for 3 minutes (conscious), or were
given no time (immediate decision), before reporting their
judgments about the treatments. Finally, participants rendered
their judgments while under a high, low, or no cognitive load.
Thus, overal, participants were randomly assigned to the
conditions of a3 (thought condition) by 3 (cognitive-load level)
between-subjects design. Participant’s choice of treatment, and
attitude ratings of each treatment, were recorded.

The primary hypothesiswasthat wewould observe aUTE such
that participants in the unconscious-thought condition (but not
participants in the conscious-thought condition) would choose
the best treatment relative to the immediate-decision condition
(control group). This same effect was predicted for participants
treatment attitudes, although this measure is less critical than
investigating actual treatment choices; the choices patients and
health practitioners make tend to be more consequential to health
outcomes than their attitudes toward various treatments.
Additionally, we predicted that participants in the
unconscious-thought condition would choose (and form more
favorable attitudes toward) the best treatment relative to the
conscious-thought condition. Although this is not critical to
demonstrating the UTE per se, thispredictionisconsistent with
much of the unconscious-thought literature [14], and speaks
directly to the possibility that unconscious thought may be an
effective decision aid relative to purely deliberative decision
aids.
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Further, we propose two competing exploratory hypotheses
regarding the effect of cognitiveload during the decision phase.
First, if participants in the unconscious-thought condition
actually generatetheir decisions consciously during the decision
phase, then their decisions should become worse as cognitive
load increases, and the UTE should only manifest under no-
and low-load conditions. Second, if participants in the
unconscious-thought condition truly generate their decisions
unconsciously, then their decisions should be comparable across
load conditions, and the UTE should occur unaffected by
cognitive load.

Methods

Participants

A total of 173 Amazon Mechanica Turk workers participated
in this Web-based experiment. The Institutional Review Board
of the Montana State University approved all procedures in
advance. Participants were compensated with US $0.50, and
(retroactively) an additional $1.00 bonus for choosing the best
treatment option. Participants were 87 males (50.3%) and 86
females (49.7%) with ages ranging from 18 to 73 years (mean
28.38, SD 8.18). One participant reported that he/she was 2
years old (we assumed this was a “typo” and the individual
intended to report an age in the twenties); excluding this
participant from the analyses had no effect on the results. In
total, 135 participants categorized their ethnicity as
White/Caucasian (78.0%), 12 as Black/African American
(6.9%), 11 as Asian (6.4%), 3 as Native American (1.7%), and
12 as “other” (6.9%). Further, we analyzed these participant
characteristics independently as a function of the independent
variables, and found no significant effects (all Ps>.15). Thus,
our random assignment procedure succeeded at distributing
participants evenly across the experiment conditions.

Materials

Treatment side-effectg/attributes were first pretested using a
separate sample of 52 Amazon Mechanical Turk workers.
Participants from this sample rated each of 75
side-effectg/attributes on valence and importance. Specifically,
participants were asked to “Rate the following side effect in
terms of how positive/negativeitis’, then wererandomly shown
one of the 75 side-effectg/attributes and responded on a 9-point
scale ranging from 1 (very negative) to 9 (very positive).
Following, participants were shown the same
side-effect/attribute and asked to “ Rate the following side effect
intermsof how important it is’ on a9-point scale ranging from
1 (very unimportant) to 9 (very important). Of note, positive
side effectd/attributes in the present design were independent
of the intended treatment effects (to cure the patient), but were
considered to be positive or beneficial.

A total of 35 (17 positive and 18 negative) side-effects/attributes
were selected as stimuli for the current experiment (see
Multimedia Appendix 1 for selected side-effectg/attributes and
pre-test ratings). We chose side-effects/attributes with moderate
pre-test ratings on both valence and importance dimensions to
ensure that one or a few side-effects/attributes would not
dominate choices, thereby oversimplifying the decision process.
Using these pre-test data, we then assessed the actual quality
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of each treatment that was used in the main experiment by
weighting the valance of treatment side-effects/attributes by
importance. Thisfollowslogically from research conducted by
Bos and colleagues [5], which demonstrates that unconscious
thought makes use of valance and importance information in a
logical way (approximately weighting valance by importance)
to make sound decisions. For example, a highly positive
side-effect/attribute of low importance can affect decisionsless
than a mildly positive side-effect/attribute of high importance.
Thus, for each treatment, we first multiplied the valance rating
by the importance rating for each positive side-effect/attribute,
then summed these products. We did thisagain for each negative
side-effect/attribute, independently for each treatment. Next,
for each treatment, we subtracted the resulting sum for the
negative side-effectg/attributes from the sum for the positive
side-effectgattributes. This created a “quality rating” for each
trestment (more positive numbersindicate higher quality), which
was analyzed using contrasts within a repeated-measure
ANOVA (analysis of variance). These contrasts confirmed that
the best treatment was viewed as having better quality (mean
297.75, SD 139.32) than the two balanced treatments (mean
128.92, SD 110.67 and mean 137.48, SD 117.76; F, 5,=366.95,
P<.001), and the worst treatment was viewed as having lower
quality (mean=-48.71, SD 88.73) than the two balanced
treatments (F; 5,=308.51, P<.001). Further, the two balanced

treatments were rated comparably, F<1.
Procedure

Internet Sample and Platform

Participants were recruited through Amazon Mechanical Turk
(a Web-based crowdsourcing marketplace), and redirected to
Qualtrics (a survey website) to complete the experiment.
Amazon Mechanical Turk users were eligible to participate if
they resided in the United States, had completed over 100
remunerated tasks (known as Amazon Mechanical Turk HITS),
and had an approval rating over 90% (meaning that 90% of
tasks compl eted by userswhere deemed worthy of remuneration
by previous employers). Data collection started on April 30,
2014 and finished on May 9, 2014; participants had the option
of leaving the experiment at any time but were unable to return
to previous pages. A completeness check was automatically
recorded by Qualtrics (dependent upon viewing the last page
of the survey), and the completion rate was 59.6% (173/290).
Incomplete surveys were not included in the final analyses.
Amazon Mechanical Turk’s account registration system was
used to prevent multiple entries (a given account could only
complete the experiment once). The average time of survey
completion was 13.5 minutes; no atypical timestamp surveys
were excluded.

Experiment Flow

Participantswerefirst presented with aconsent form, compl eted
a demographic questionnaire, and then read the following
scenario:

Pleaseimagine yourself asarecently admitted patient
at a hospital. The doctors have diagnosed you with
a Campylobacter infection. They then present you
with different treatment optionswhich all havealarge
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number of positive and negative side effects. Snce
all of the treatments will treat the Campylobacter
infection, the only basis for comparison are their
associated side effects. Also, given the progression
of the infection, a decision must be taken in the next
few minutes. This part of the experiment is concerned
with the way in which we form an impression on the
basis of a number of attributes. In a few momentsyou
will be presented with four treatments along with side
effects that each of the treatments possess. Please
read these sentences carefully, study each one until
the next appears. Later, we will ask you a series of
guestions concerning the impressions that you have
formed of the four different treatments.

Following, participants were told that choosing the best
treatment option would grant them a $1 bonus. The possibility
for bonus remuneration helped ensure that participants were
motivated to choose the best treatment. Subsequently, each
participant was sequentially shown 48 side-effectg/attributesin
random order. Each side-effect/attribute was presented for 4
seconds and attributed to one of four treatment options. Overall,
one option was best (8 postive and 4 negative
side-effectg/attributes), one wasworst (4 positive and 8 negative
side-effectg/attributes), and the other two were balanced (6
positive and 6 negative side-effects/attributes). This type of
stimuli presentation was used to ensure decision complexity
following past research methods [6-8]. Next, participants were
randomly assigned to either an unconscious-thought,
conscious-thought, or immediate-decision condition. Finally,
participants were randomly assigned to render their treatment
choices and attitudes while experiencing high, low, or no
cognitive load (details for al manipulations provided below).
Last, participants were debriefed, thanked for their participation,
and given a code to redeem compensation through Amazon
Mechanical Turk.

Independent Variables

Thought Condition

After participants received all of the side-effect/attribute
information, they were randomly assigned to one of three
thought conditions. Participantsin the unconscious-thought (or
distraction) condition were instructed to complete as many
anagrams as they could within 3 minutes, and were presented
with a list of 36 anagrams. This task is commonly used in
unconscious-thought experiments to consume and distract
conscious thought, yet allows unconscious thought to continue
processing decision-relevant information. Participants in the
conscious-thought condition read the following instructions:
“For the next 3 minutes, consider the four different treatments
and the side effects you read about. Think about which treatment
isthe best and/or which treatment you likethe most. Try to only
think of the treatments and which treatment you might
personally prefer” Thus, these participants were specifically
instructed to think consciously about the side-effect/attribute
information, and had time to do so. Finally, participantsin the
immediate-decision condition directly moved onto thejudgment
task, and had insufficient time to think consciously or
unconsciously about the side-effect/attribute information.
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Cognitive Load

Cognitive load was manipulated using 4 x 4 matrices with 4
dots presented within 16 possible locations. The manipulation
stimuli were modeled after Haymen et al [17], who demonstrated
their effectiveness in producing high or low cognitive load.
High cognitive-load manipulations consisted of a semi-random
scatter, whereas the low cognitive-load manipulation consisted
of a4 dot line (see Multimedia Appendix 2 for actual stimuli).
Participants were instructed to memorize the exact pattern and
warned that they would later be asked to reproduce it.
Ultimately, participants reported judgments about the treatments
interspersed with the load manipulations. Specifically, the
decision phase entailed a repeated sequence of events. pattern
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exposure, treatment choice, pattern recall, new pattern exposure,
treatment eval uations, pattern recall (see Figure 1). Participants
inthe no cognitive-load condition were only presented with the
judgment tasks.

We reasoned that the semi-random dot patterns were difficult
to memorize and that participants in the high cognitive-load
condition would not be able to consciously process the
side-effectg/attributes information and rehearse the dot pattern
asthey were reporting their choice/attitude ratings. Conversely,
the linear dot patterns (low cognitive load) would require little
active cognition to maintain in working memory and therefore
could allow participants to engage in conscious deliberation.

Figure 1. Flow of the decision phase. The first decision task consisted of the choice variable while the second decision task consisted of the attitude
rating. The high cognitive load is displayed for illustrative purposes; the actual pattern depended on cognitive load condition.

4 seconds

2 seconds

Warning and

instruction page

No time limit

No time limit

Recall Task

Decision Task

Dependent M easures

Choice

Parti cipants were asked to make two main treatment judgments.
First, participants were instructed to: “ Choose atreatment” and
could click on one of the four treatment options. This is the
primary dependent measure, as this choice directly affects
patient health outcomes and experienced side-effects. For this
measure, participants who chose the best treatment option were
scored “1”, whereas participants who chose any of the other
options were scored “0”.

Attitude Measure

Next, participants separately rated each of the four treatments
(eg, “ Your impression of Treatment A was...”) on scalesranging
from -25 (very negative) to 25 (very positive). Following
previous research in the unconscious-thought literature,
participants’ rating for the worst treatment was subtracted from
their rating for the best treatment, resulting in an attitude
preference measure. Higher numbers on this measure indicate
amore positive rating for the best over the worst option.

http://www.jmir.org/2015/2/e37/

Results

Manipulation Check

On average, participants in the low cognitive-load condition
correctly recalled significantly more dots (mean 6.91, SE 0.29)
than participants in the high cognitive load condition (mean
5.73, SE 0.25; t;,,=—3.031, P=.003). This worse recall in the
high versuslow cognitive-load conditions supportstheideathat
the pattern task was more cognitively demanding than in the
former, and is consistent with the results and interpretation of
Heyman et a [17].

Dependent Variables

Choice

We conducted a hierarchical logistic regression to predict
participants' choice for the best treatment, entering Thought
Condition as a predictor in the first step (given this was a
theoretically important variable), Cognitive-L oad Condition as
an additional predictor in the second step (given it was
exploratory), and the interaction between these two factors as

JMed Internet Res 2015 | vol. 17 | iss. 2 |€37 | p.169
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

yet an additional predictor in the third step. As hypothesized,
the first step revealed a main effect of thought condition; this
predictor demonstrated a significant improvement over the
constant-only model (x22:6.39, P=.04, Nagelkerke R?=.05),
and this single-predictor model fit the datawell (for the Hosmer
and Lemeshow test, P=.81). Further, there was no main effect
of cognitive-load condition, nor a Thought Condition by
Cognitive-Load Condition interaction. Adding Cognitive-L oad
in the second step revealed no improvement in the model

(x22:1.54, P=.46), nor did adding the interaction term in the

third step (x%=3.83, P=.43). Given this, weinterpreted the main
effect of thought condition based on thefirst step of theanalysis.
Demonstrating a UTE, the odds of participants choosing the
best treatment were 2.25 times higher in the unconscious-thought
condition compared to theimmediate-decision condition (b=.81,
Wald=4.32, P=.04, 95% CI 1.048-4.836), and 2.39 times greater
in the unconsciousthought condition compared to the
conscious-thought condition (b=.87, Wald=4.87, P=.027, 95%
Cl 1.103-5.186). Further, the odds of choosing the best treatment
were comparable across the consciousthought and
immedi ate-decision conditions (b=-.06, Wald=0.22, P=.88; for
the constant, b=—.88, Wald=9.31, P=.002). Overall, thought
condition was the only significant predictor of choice, and
participantsin the unconscious-thought condition demonstrated
a higher probability of making the correct choice versus the
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control condition (see Table 1 for choice contingency table).
Further, participants overall found the decision task quite
complex, given 112 of 173 participants (64.7%) chose an
incorrect treatment option. Thisisimportant given UTEs tend
to manifest in complex decision tasks.

We also explored choice as a function of cognitive-load
condition separately for each thought condition. None of these
analyses demonstrated a significant effect of cognitiveload (all

X?< 2,56, all Ps>.05).0f note, if correct decisions arising from
unconscious thought actually result from conscious thought
during the decision phase, then higher levels of load should
result in worsening decisions within the unconscious thought
conditions. But, if anything, load resulted in better choices in
the unconscious thought conditions (see Table 1). Nonetheless,
so asto fully assesstheinteraction of cognitive load and thought
conditions, we also reanalyzed our data after combining the
immediate and conscious-thought conditions (unconscious
thought vs others), and after combining the low- and high-load
conditions (no load vs load). Again, this analysis revealed an
effect of thought condition (b=.84, Wald=6.34, P=.012, 95%
Cl 1.205-4.463), and again the effect of load condition and the
interaction of thought and load were not significant (all Ps>.28).
Further, we found the power of our experiment to be .73 for
thissimplified interaction. Thus, our experiment had reasonable
power to detect an effect of load on the UTE.

Table 1. Contingency table for choice broken down by thought condition and cognitive-load condition (n=173).

Thought Condition Cognitive Load Choice Totals
Correct Incorrect
Unconscious
No Load 10 13 23
Low Load 10 8 18
High Load 8 9 17
Total 28 (48.3%) 30 (51.7%) 58
Immediate
No Load 3 9 12
Low Load 4 20 24
High Load 10 12 22
Total 17 (29.3%) 41 (70.7%) 58
Conscious
No Load 7 19 26
Low Load 4 10 14
High Load 5 12 17
Total 16 (28.1%) 41 (71.9%) 57
Attitude Measure Discussion

The attitude measure was analyzed using a3 (thought condition)
by 3 (cognitive load condition) between-subjects ANOVA. This
analysis revealed no significant effects (all Fs<1.42), and no
planned comparisons were significant (ts<1).

http://www.jmir.org/2015/2/e37/

Principal Findings

In this experiment, participants who were distracted for 3
minutes after receiving treatment information—and thus had
the opportunity to think unconsciousy—were significantly
more likely to choose the best treatment option relative to
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participants who made their choicesimmediately following the
information (or thought consciously). To our knowledge, this
is the first replication of the UTE using a patient-oriented
medically related decision task. Further, no such advantage was
observed for participants who consciously thought about the
information for 3 minutes after receiving treatment information.
Thesetrendswere mirrored in participants' attitudestoward the
best versus worst treatment, although not significantly. In the
field, however, the choices patients and health practitioners
make are more consequential to health outcomes than their
attitudes toward various treatments. The choice results are
strongly inlinewith agrowing body of evidence demonstrating
that individual s are more likely to make the best decisionswhen
they think unconsciously, provided the decision task iscomplex,
they are motivated to be accurate, and the task has ecological
validity. These conditions were met in the current research: the
task was complex and most participants chose an incorrect
treatment, participants were motivated to choose the correct
treatment (with aUS $1 incentive), and the task was constructed
to represent areal-life medical decision (albeit, with fictitious
treatment information and a fictitious medical condition).
Further, these conditions are clearly met in many medical
contexts, as treatment information is often complex and all
parties involved are motivated to arrive at correct treatment
choice. Thus, unconscious thinking processes may greatly aid
decision making within many medical contexts.

The present research also explored the possibility that UTEs
are not actually the result of unconscious thinking that occurs
while people are distracted, but of conscious processes that
occur while people solidify and report ajudgment. And, to our
knowledge, this is the first experiment to investigate this
potential alternative account for the UTE. Totest thispossibility,
we varied the cognitive |oad partici pants experienced while they
reported their choice and attitude judgments, and this
mani pulation was successful. If the UTE actualy results from
consciousthinking at the time of judgment, then participantsin
the unconscious-thought conditions should do worse if they
experience high load (compared to low or no load) while
reporting their judgments. However, the cognitive-load
mani pul ation had no effect on either of the dependent measures,
nor did it interact with thought condition. Thisoverall null effect
of cognitive load suggests the UTE does not result from
conscious processing at the time of judgment, and judgments
are accessed with negligible effort during the decision phase.

Limitations and Future Directions

The reported results indicate that unconscious thought may
serve as a beneficial decision aid for patients facing complex
medical decisions. But, of course, thisinitial investigation has
limitations and we encourage further research into unconscious
thinking in medical contexts before advocating any
decision-making reform. Foremost, the tested decision task
involved an imaginary scenario and not a personal health event.
Still, participants were motivated to arrive at the correct decision
and the greater motivation real patientslikely experience should
theoretically enhance the UTE [5]. Related, the stimuli used in
this experiment were fictitious, although designed to appear
medically relevant. Future research should employ real
information as the basis of decisions and focus on adapting the

http://www.jmir.org/2015/2/e37/

Manigault et a

unconscious thought paradigm to real -1ife examples such asthe
trade-offs between length and quality of life faced by older or
terminally ill populations or the time-sensitive medical decisions
that one may face in an emergency room. Furthermore, the
side-effect/attribute information was presented randomly rather
than organized by treatment as would normally happen. This
was important to create the decision difficulty needed to verify
the results stemmed from unconscious, and not conscious,
processesinthisinitial investigation. However, given the present
results, future research could further test the benefit of
unconscious thought as a decision aid under more realistic
informational settings. Finally, we tested our predictions using
a geographically dispersed Web-based sample, not with
participants in a controlled environment, and cannot ensure
strict instruction compliance. An exact laboratory replication
could easily address this limitation. At the sametime, however,
the present results demonstrate the UTE for medical decisions
using a Web-based sample, and suggest that a Web-based
platform could be used to create decision aids that foster
unconscious thinking.

Ultimately, it will be critical to demonstrate the UTE in actual
medical contexts with participants facing real decisions for
themselves or others. As of now, the present research reveals a
plausible benefit of unconscious thought as an aid for patients
medical decisions and future research will have to confirm that
benefit in commonplace settings, with real information, and
with vested decision-makers.

The present claim that unconscious judgments come to
awareness relatively independently of cognitive load entails
several limitations. First, the cognitive load manipulation used
in the present experiment was comprised of visuospatial dot
patterns whereas the decision task was primarily verbal. To the
extent that visuospatial and verbal processing may employ
different cognitive resources, it is possible that the present
cognitive load manipulation did not interfere with the decision
task enough to adequately test our hypotheses. Although
visuospatial stimuli were preferred in the present study to help
ensure instruction compliance (reporting random dot patterns
requires memory processes because they are difficult to
reproduce or write down), future studies should make use of
verbal cognitive-load manipulations to address this issue.
Additionally, participants were instructed to memorize dot
patterns and report their judgments intermittently, but were not
instructed to focus primarily on one task or the other. As such,
participants had the opportunity to neglect the cognitive task
so asto minimizeitsimpact on their performance on the decision
task. This eventuality may account for the difference in mean
recall observed between the high and low cognitive-load
conditions (of note, however, thisdifference replicatesHeyman
et al, who interpreted these differences asindicating greater task
difficulty rather than decreased task compliance). Future studies
could address thisissue by specifically stating the primary and
secondary task in theinstructions. Finally, abaseline assessment
of performance on the cognitive load task could also be
implemented to assess the extent to which it is affected by the
decision task. As ours is the first experiment to explore the
influence of cognitive load during the decision phase on UTES,
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we strongly encourage future research to address these issues
to better couch our current findings.

Conclusion and Implications

Patients and health practitioners alike commonly consider a
vast amount of information to reach optimal medical decisions.
Unfortunately, considerable evidence now indicates that
conscious processes can be ill-equipped to integrate complex
information, at least without aids (eg, notes, computers, etc).
Quite simply, people cannot conscioudly retain and process vast
amounts of information, and thus often form poor decisionsvia
conscious processes. But, according to Dijksterhuis and
Nordgren [2], unconscious thinking can process vast amounts
of information with just a little time (eg, 3 minutes), and thus
somewhat counterintuitively, individuals often come to better
decisionswhen they are distracted from consciously considering
decision-relevant information. The current research demonstrates
this can also be true for patient-centered medical decisions.

A hypothetical (and relatively long-term) implication of the
current research liesin the type of media used to test the UTE.
Unconscious thought research readily utilizes computer and
research software platforms, and a Web-based platform was
used presently. Demonstrating the UTE in this fashion may
congtitute evidence that unconscious-thinking decision aidsand
value clarification exercises may be integrated with Web and
mobiletechnol ogieswithin health care realms (given that current
limitations are addressed of course). For example, a Web or
mobile phone app may in some instances present the relevant
information to a medical decision maker, provide atimed and
cognitively consuming distraction, then solicit adecision. That
is, it is conceivable that a Web or mobile app could mode the
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stages used in the current research for real medical-decision
tasksin away that fosters unconscious thought, and thus better
decisions. Further, the merits of unconscious thought should
not be limited to treatment side-effects/attributes. Personal
values could (theoretically) also be processed unconsciously.
This implication is particularly relevant because unconscious
thought can process decisional factors that are difficult to
articulate or too numerous to maintain in CONSCious awareness
[1-3]. Patients may therefore be able to use an “unconscious
thought mobile app” as abeneficial value clarification exercise
and successfully incorporate numerous personal valuesin their
decision.

Finally, unconscious thinking may ingtill further benefits in
medical contexts. First, other research demonstrates that
individuals are more satisfied with the choices they make via
unconsciousthinking [7]. Thus, patients might experience more
satisfaction with atreatment, and thus better adheretoit, if they
chose that treatment following unconscious thought. Second,
we investigated mock-patient decisions, but health practitioners
might experience the greatest benefit from unconscious thought
for complex medical decisions. For instance, research by
Dijksterhuis and colleagues [8] showed that participants with
more (vs little) expertise in a domain reach higher quality
judgments after aperiod of unconsciousthought. Thus, medical
experts may realize the most advantage for choosing optimal
treatments or generating accurate diagnoses in the face of
complex and numerous symptoms, complications, side-effects,
and risks, and some research already supports this possibility
[16]. Giventhis, exploring the UTE in medical decision making
for health care providers and patients has the potential to greatly
and broadly enhance patient health and well-being.
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Abstract

Background: While research in the area of e-mental health has received considerable attention over the last decade, there are
still many areasthat have not been addressed. One such areaisthe comorbidity of psychological disordersin aWeb-based sample
using online assessment and diagnostic tools, and the rel ationships between comorbidities and psychosocial variables.

Objective: We aimed to identify comorbidities of psychological disorders of an online sample using an online diagnostic tool.
Based on diagnoses made by an automated online assessment and diagnostic system administered to a large group of online
participants, multiple comorbidities (co-occurrences) of 21 psychological disorders for males and females were identified. We
examined the rel ationships between dyadic comorbidities of anxiety and depressive disorders and the psychosocial variables sex,
age, suicidal ideation, socia support, and quality of life.

Methods: An online complex algorithm based on the criteria of the Diagnostic and Statistical Manual of Mental Disorders, 4th
edition, Text Revision, was used to assign primary and secondary diagnoses of 21 psychologica disorders to 12,665 online
participants. The frequency of co-occurrences of psychological disordersfor males and females were calculated for all disorders.
A series of hierarchical loglinear analyses were performed to examine the relationships between the dyadic comorbidities of
depression and various anxiety disorders and the variables suicidal ideation, social support, quality of life, sex, and age.

Results. A 21-by-21 frequency of co-occurrences of psychological disorders matrix revealed the presence of multiple significant
dyadic comorbidities for males and females. Also, for those with some of the dyadic depression and the anxiety disorders, the
oddsfor having suicidal ideation, reporting inadequate social support, and poorer quality of lifeincreased for those with two-disorder
comorbidity than for those with only one of the same two disorders.

Conclusions: Comorbidities of several psychological disorders using an online assessment tool within a Web-based population
weresimilar to those found in face-to-face clinics using traditional assessment tools. Results provided support for the transdiagnostic
approaches and confirmed the positive rel ationship between comorbidity and suicidal ideation, the negative relationship between
comorbidity and social support, and the negative relationship comorbidity and quality of life.

Trial Registration: Australian and New Zeadland Clinica Trids Registry ACTRN121611000704998;
http://www.anzctr.org.au/trial_view.aspx? D=336143 (Archived by WebCite at http://www.webcitation.org/618r3wvOG)
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Introduction

The comorbidity of psychological disorders is a common
problem that has seriousimplications for the delivery of health
care. Thelifetime prevalence of any disorder has been reported
to be 46.4%, while the lifetime prevalence of 2 and 3 disorders
were found to be 27.7% and 17.3%, respectively [1]. The
12-month prevalence of any disorder was found to be 26.2%,
while the 12-month prevalence of 2 and more disorders were
reported to be 5.8% and 6%, respectively, and over the same
period, more than 40% of those with one diagnosis met the
criteriafor a second diagnosis[2].

Studies on comorbidity have found strong rel ationships between
comorbidity and higher rates of suicide [3,4], suicidal ideation
[5], greater symptom severity [2,5], and poorer quality of life
and socia support [5]. Patients diagnosed with multiple
disorders also tend to have a poorer prognosis, are less
responsive to intervention, and generally exert agreater demand
on the health care sector [3,4,6].

Two approaches have been used to investigate comorbidity.
The co-occurrence, or frequency approach, identifiesindividuals
with a particular diagnosis and then counts how many of them
meet the diagnostic criteria of another diagnosis. The resulting
comorbidity proportions therefore depend on the reference
group. For example, the proportion of people diagnosed with
an anxiety disorder who also meet the diagnostic criteriafor an
eating disorder will be different than the proportion of people
diagnosed with an eating disorder who also meet the criteria
for that same anxiety disorder. Moreover, because there are
more people diagnosed with anxiety disorders than people
diagnosed with eating disorders, it is easier to have larger
samples, and hence more accuracy, when the reference group
isanxiety-disordered rather than eating-disordered. The second
approach identifies the psychological disorders of a group of
individuals, based on discrete or dimensional scales, and then
uses factor analysis to identify clusters of disorders, hence the
underlying structure or dimensions of comorbidity isaddressed.

While comorbidity, and the structure of comorbidity using
in-clinic samples, has been the focus of many investigationsfor
several decades, investigating comorbidity using an online
sample is relatively new. We are not aware of any study on
comorbidity using individuals who received diagnoses based
on online diagnostic tools. The e-PASS data of the Mental
Health Online Platform (formerly Anxiety Online) (Figure 1)
[7] provide us with a unique opportunity to investigate many
facets of online therapy and assessment. We have recently
reported on the structure of comorbidity of 21 psychological
disorders, using online diagnostic assessment, based on severity
dimensional scales[5]. Inthis paper, we present the frequencies
of co-occurrences of 21 psychological disordersusing anonline

http://www.jmir.org/2015/3/e55/

assessment tool within a Web-based sample and relate the
identified anxiety-depression clustersto suicidal ideation, social
support, and quality of life.

The comorbidities of anxiety disorders with one another are
common and have long been documented, and for some anxiety
diagnoses, the lack of discriminant validly was criticized
[5,8-13]. The presence of anxiety disorders in clinicaly
depressed patients is most common [14] with at least 50% of
all patients diagnosed with depression meeting the diagnostic
criteria for at least one anxiety disorder [15-17] and 46% of
those diagnosed with major depressive disorder (MDD) showing
high levels of anxiety symptoms [18]. Estimates of anxiety
disorders and MDD vary based on the age of and the target
population under study. For example, the comorbidity of anxiety
disorders and MDD in samples of children and adolescents
ranges from 15.9% to 61.9% [19,20] and 14.5% to 57% in
specific populations of adult samples [21,22]. Almeida-Filho
et al [23] found 74% of the depressed sampl e reported symptoms
of anxiety disorders and 61% of those with anxiety disorders
were depressed. Fevaet a [24] found 50.6% of those diagnosed
with MDD met the criteria for one or more anxiety disorders.
Zimmerman et al [15] found 57.4% of 373 MDD outpatients
meeting the criteria for at least one of the anxiety disorders.
This finding was confirmed later by a meta-analysis study that
concluded that 50% of individuals with MDD met the criteria
for one or more anxiety disorders[25]. More specifically, Fava
et a [18] found that 46% of MDD patients were significantly
more likely to report symptoms associated with generalized
anxiety disorder (GAD), obsessive-compulsive disorder (OCD),
posttraumeatic stress disorder (PTSD), agoraphobiawithout panic
disorder (AwoPD), and panic disorder with or without
agoraphobia (PD/A) than individual swithout comorbid anxiety.
In addition, 57% of the depressed outpatients with an anxiety
disorder met the criteriafor more than one anxiety disorder. In
their sample, the most common comorbid anxiety disorders
were socia anxiety disorder (SAD) (33%), specific phobia (SP)
(13.7%), PTSD (13.4%), GAD (15%), and PD/A (14.2%) [15].
Furthermore, symptoms of insomnia and hypersomnia have
also been consistently present with anxiety disordersand MDD
[26-30].

Although research on the comorbidity of eating disorders with
other psychological disorders has produced mixed and
inconsistent results, there is sufficient empirical evidence
supporting the co-occurrence of eating disorders with other
disorderslikeanxiety disorders[31,32], MDD [31,33,34], body
dysmorphic disorder (BDD) [35], and substance use (drugsand
alcohol) [36,37]. The estimates of these comorbidities are
generaly moderate to high with a wide range. For example,
55%-98% of those diagnosed with anorexia nervosa meet the
diagnostic criteriafor another Axis | disorder [38,39].
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MDD has been found to be prevalent in individuals diagnosed
with eating disorders. Estimates of the lifetime prevalence of
MDD range from 50%-71% in anorexia nervosa and 50%-65%
in bulimia nervosa [33,40,41]. A more recent study by Jordan
et al [34] reported 63% and 51% lifetime prevalence of major
depression in a 56-female anorexia nervosa sample and a
132-female bulimia nervosa sample, aged 17-40 years,
respectively. On the higher end, Blinder et a [38] reported that
for afemale sample aged 11-68 years, 92% of the 956 patients
diagnosed with anorexia nervosa and 92% of the 882 patients
diagnosed with bulimia nervosa had unipolar depression
disorder, while Salbach-Andrae et a [42] reported that 60% of
their adolescent girls aged 12-18 years exhibited comorbid mood
disorder. Conversely, among women with MDD, the lifetime
preval ence rate of anorexia nervosawas estimated at 1-7% and
of bulimia nervosa at 9-21% [43,44].

AL-Asadi et d

Anxiety disorders are also prevalent in individuals diagnosed
with eating disorders, although studies on anxiety disorders and
eating disorders have produced mixed results[32,45,46]. Studies
that used controlled groups reported significant comorbidities
between anxiety disorders and eating disorders [32,47-50].
Depending on which one of the anxiety disorders is under
investigation, estimates of the lifetime prevalence of anxiety
disorders in eating disorders range from as low as 0% for
specific phobiain anorexia nervosa [51] to as high as 79% for
OCD in anorexia nervosa [52], and from as low as 2% for
agoraphobia without panic disorder in bulimia nervosa[53] to
as high as 59% for SAD in bulimia nervosa [54]. A summary
of life prevalence rates of MDD and various anxiety disorders
in anorexia nervosa and bulimia nervosa is shown in Table 1
[33,34,38,47,51-59].

Table 1. Comorbidity of various anxiety disorders with anorexic nervosa and bulimia nervosa.

Anxiety disordersMDD

Lowest, % [reference #] Highest, % [reference #]

Anorexia nervosa
OCD
SAD
Agoraphobia without panic disorder
Simple/Specific Phobia
GAD
PD/A
PTSD
MDD

Bulimia nervosa
OCD
SAD
Agoraphobiawithout panic disorder
Simple/Specific Phobia
GAD
PD/A
PTSD
MDD

14% [51] 79% [52]
38% [47] 550 [54]
3% [54] 27% [47]
0% [51] 45% [54]
24% [54] 49% [47]
13% [47] 43% [51]
2% [47] 7% [47]

46% [33)] 74% [33]
63% [34] 92% [38]
4% [53] 43% [55]
30% [53] 59% [54]
2% [53] 35% [56]
3% [51] 46% [57]
2% [53] 550 [56]
10% [53] 53% [51]
50 [47] 37% [59]
46% [33] 74% [33]
63% [34] 929 [38]

It should be noted that the time of onset for anxiety disorders,
MDD, and eating disorders are not the same. Some anxiety
disordersare associated with early childhood onset while others
are associated with onset during adolescence. However, Pallister
and Waller [46] concluded that while the relative time of onset
wasinconsistent, femal eswith eating disorders exhibited higher
rates of anxiety disorders compared to controls, and suggested
that eating disorders and anxiety disorders might have some
common underlying factors.

Another disorder that seems to be present in eating disorders,
particularly in anorexia nervosa, is BDD [35,60], coupled with
features of OCD engaging inritualistic-like behaviorsto reduce

http://www.jmir.org/2015/3/e55/

anxiety generated by thoughts of one€'s poor self-image
[35,61,62].

Finally, the substance use by individuals with psychological
disorders has long been investigated [36,63,64]. The rates of
substance use disorders in patients diagnosed with mood
disorders and anxiety disorders were reported to be 42% and
27%, respectively [37].

In summary, the comorbidities of anxiety disorders, MDD,
eating disorders, and substance use have long been established
in clinical samples using traditional face-to-face assessment
and diagnosis. Comorbidity estimates vary depending on the
psychological disorder, age of the sample, and the specific
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population sample. There are no data available on the
comorbidity of psychological disorders using online assessment
and diagnostic tools with online samples.

Thefirst purpose of thisstudy isto report on the co-occurrences
of 21 psychological disorders diagnosed in an online sample
using an online assessment and diagnostic tool, e-PASS. While
we will present the entire matrix of co-occurrences, we will

Figure 1. Anxiety Online homepage image.
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focus on the comorbidities of anxiety disorders, major depressive
episode (MDE), eating disorders, BDD, insomnia, hypersomnia,
and a cohol use disorder. Wewill also report these comorbidities
for males, females, separately, and together. The second purpose
of this study is to examine the relationships between the
identified anxiety-depression comorbidity clusters and three
variables: suicidal ideation, social support, and quality of life.
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Methods

Procedure

The Mental Health Online platform consists of four centers,
one of which is the assessment center containing the e-PASS
(electronic psychological assessment screening system). The
e-PASS includes a variety of demographic and personal
guestions and the Kessler-6 and Suicidal Warnings measure, as
well as the online diagnostic program. Individuals can access
the Mental Health Online service from anywhere in the world
provided they have an Internet connection. People can complete
e-PASS if they are interested in the psychological assessment
function and/or if they areinterested in online treatment. Those
who undertook the e-PASS were first required to register and
consent to the Mental Health Online terms and conditions [7].
The proceduresfor collection and reporting of the Mental Health
Online datawere approved by the Swinburne University Human
Research Ethics Committee.

Diagnostic Assessment

Based on an individua’s response to some of the e-PASS
guestions, a person may be given a primary diagnosis and/or
multiple secondary diagnoses. Primary or secondary diagnosis
is determined by the reported presence of Diagnostic and
Satistical Manual of Mental Disorders (4th edition, Text
Revision) (DSM-1V-TR) symptoms and the average score on
severity scales, each of which assessesthe level of distress and
interference caused by the symptoms of a particular disorder.
A total of 21 clinical disorders are assessed by the e-PASS (see

http://www.jmir.org/2015/3/e55/

RenderX

[5,65] for more details). The 21 psychological disorders and
their abbreviations are shown in Multimedia Appendix 1.

The disorder specific severity scoreisthe average of the scores
on six questionsthat assess how distressed oneisand how much
the symptoms of a given disorder interfere in one’s life (using
a scde 0=no interference/distress to  8=severe
interference/distress). A person who does not endorse enough
of the initiadl DSM-IV-TR symptom criteria questions for a
particular disorder isnot presented with the questions assessing
their level of distress and interference of those symptoms and
is assigned a severity score of zero. Those who endorse the
DSM-IV symptom criteria questions for a particular disorder
are presented with the six distress and interference questions
allowing the calculation of an averaged severity score ranging
from 0-8. An averaged distress and interference severity score
of 3.5 or above is considered sufficient to warrant a clinical
diagnosis. Those whose average distress and interference
severity scores are less than 3.5 are considered to warrant a
subclinical (or subthreshold) diagnosis.

The e-PASS diagnostic system was informed by the Anxiety
Disorders Interview Schedule (ADIS) clinician rating scale (a
Likert scale from 0=no symptoms, to 4=mild presence of the
disorder, to 8=very severe presence of the disorder). Most “total
scores’ would not be awhole number because the system used
six rating scales and then averaged them. Thus, 4 is the typical
score by aclinician using the ADISthat indicatesthe “ presence”
of adisorder. However, considering the decimal placesresulting
from the e-PASS averaging of the six rating scales, those scoring
3.5 and above were deemed clinical.
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The psychometric properties of the e-PASS measures were
shown to have high test-retest reliability and reasonable
convergent validity with the structured clinical interviews
(Nguyen, unpublished PhD thesis 2013). However, the small
sample size and some disagreement with the structured clinical
interviewsin terms of the severity levels required for aclinical
diagnosis, suggest that further validation studies with large
sample sizes are needed.

For the purpose of this work, we will construct a frequency
matrix representing the co-occurrences of all 21 psychological
disorders diagnosed by the e-PASS system. We will identify
the number of participants who met the criteria for a primary
disorder (reference group) and then establish the proportion of
the reference group who were given a secondary diagnosis for
each of theremaining 21 disorders. We will also calculate these
frequencies for males and females.

Participants

A total of 13,414 individuals completed the e-PASS phase
between October 2009 and October 2012 and received at least
one clinical diagnosis. The sample consisted of 3974 (29.6%)
mal es whose ages ranged between 18-85 years old with amean
of 36.88 (SD 12.59) years, and 9440 (70.4%) females whose
ages ranged between 18-86 years old with amean of 33.66 (SD
11.57) years. A total of 749 individuals received a clinical
diagnosis (severity score greater than 3.5) of only one disorder,
leaving 12,665 individuals who were classified as having a
clinical or subclinical diagnosis for two or more of the 21
disorders assessed by e-PASS.

Analysis

The frequency of male and female participants who received a
primary diagnosison any particular disorder wasfirst identified.
Then, for each group, the frequencies of receiving secondary
diagnoses for all 21 disorders were calculated. A series of
hierarchical loglinear regression procedures were used to
examine the rel ationshi ps between anxi ety-depression disorders
and suicidal ideation, social support, and quality of life. For the
significant comorbidity relationships with suicidal ideation,
socia support, and quality of life, demographic variables will
also be explored.

Results

Overview

A frequency matrix of 21-by-21 disorders is shown in
Multimedia Appendix 2. The number of cases of males and
females receiving a primary disorder is shown in column 3 for
each disorder shown column 1. Columns 4 and onward in
Multimedia Appendix 2 show the number of males, females,
and total and their associated percentages of those receiving
secondary diagnoses. For example, of the 858 males, 1761
females, and 2649 overall who received aprimary diagnosis of
MDE, there were 207 (24.13%) males, 505 (28.68%) females,
and 712 (26.88%) overall who received a secondary diagnosis
of PD/A, respectively. Conversely, of the 478 males, 1000
females, and 1478 overall who received a primary diagnosis of
PD/A, there were 289 (60.46%) males, 615 (61.50%) females,
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and 904 (61.16%) overall who received a secondary diagnosis
of MDE, respectively.

Comorbidities of Primary Anxiety Disorders

As shown in Multimedia Appendix 2, each anxiety disorder
was comorbid with other anxiety disorders. GAD was the most
comorbid anxiety disorder with other anxiety disordersranging
from 58.0% (327/564) with specific phobia to 62.31%
(921/1478) with PD/A. SAD was the second most comorbid
anxiety disorder with other anxiety disorders ranging from
39.5% (183/463) with OCD to 65.1% (334/513) with
agoraphobia without panic disorder. The third was specific
phobia with a range from 31.6% (162/513) with agoraphobia
without panic disorder to 44.25% (654/1478) with PD/A. The
fourth was PD/A with a range from 28.25% (378/1338) with
SAD to 41.0% (231/564) with specific phobia. The fifth was
PTSD with arange from 20.7% (96/463) with OCD to 31.39%
(464/1478) with PD/A. The sixth was OCD with arange from
8.95% (184/2056) with GAD to 34.9% (176/504) with PTSD.
The seventh was agoraphobia without panic disorder with a
range from 13.8% (64/463) with OCD to 28.10% (376/1338)
with SAD.

Comorbidities of Depression, Anxiety Disorders,
Insomnia/Hyper somnia, and Drug and Alcohol Abuse

Wefirst note that there were 858 males and 1761 females who
received aprimary diagnosis of MDE—a2to 1 femaleto male
ratio. We al so note the difference in comorbidity between males
and females who have been diagnosed with MDE and one of
the anxiety disorders. In al cases, except for OCD, the
comorbidities of MDE with PD/A, agoraphobia without panic
disorder, specific phobia, PTSD, GAD, and SAD among females
are greater than the comorbidity among males. In addition, about
65.50% (1735/2649) of those diagnosed with MDE suffer from
insomnia, whereas about 19.29% (511/2649) suffer from
hypersomnia, with females reporting symptoms of insomnia
and hypersomniain greater numbers. Also, 21.10% (559/2649)
of those diagnosed with MDE report alcohol abuse with males
reporting alcohol use in greater numbers.

On average, we found 58.38% of those receiving a primary
diagnosis of one of the anxiety disorders also received a
secondary diagnosis of MDE. Conversely, on average, we found
approximately 35% of those who received a primary diagnosis
of MDE also received a secondary diagnosis of one or more
anxiety disorders. The lowest comorbidity was between MDE
and agoraphobia without panic disorder at about 17.93%
(475/2649), whereas the highest comorbidity was between MDE
and GAD at about 59.61% (1579/2649). The remaining anxiety
disorders in order of frequency magnitude were OCD
(710/26.80%), PD/A (712/2649, 26.88%), specific phobia
(803/2649, 30.31%), PTSD (883/2649, 33.33%), and SAD
(1336/2649, 50.43%).

Results show the presence of the following substance
dependency in participants who received a primary diagnosis
of MDE: cannabis (202/2649, 7.63%), stimulant (114/2649,
4.3%), opioid (71/2649, 2.68%), sedative (252/2649, 9.51%),
and alcohol (559/2649, 21.10%). Most significant was the
difference between depressed males and females in alcohol
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dependence (25.76% (221/858) for malesvs 19.19% (338/1761)
for females).

The highest percentage of substance dependency present in all
anxiety disorders diagnosed by e-PASS was found for males
with GAD and acohol dependence at 24.06% (141/586), for
femal eswith specific phobiaand alcohol dependenceat 15.10%
(61/404), and for both males and femal eswith GAD and al cohol
dependence at 17.41% (358/2056).

Results indicate insomnia was present in all disorders ranging
from 41.25% to 83.67% for the combined mal e/femal e samples.
For males, the co-occurrence of insomnia was found highest
with somatization disorder at 100% and lowest with opioid
dependency and OCD at 33.33% and 33.71%, respectively. For
females, the co-occurrence of insomniawas found highest with
somatization disorder at 80.0% (32/40) and lowest with al cohol
dependency at 42.1% (40/95).

AL-Asadi et d

Comorbidities of Eating Disorders With Anxiety and

Major Depressive Disorders

There were atotal of 14 participants (3 males and 11 females)
diagnosed with anorexia nervosa, whereas 505 parti cipants (26
males and 479 femal es) diagnosed with bulimianervosa. Results
showed that 71.43% (0% malesvs 90.91% females) and 71.68%
(80.77% malesvs 71.19% femal es) of thosereceiving aprimary
diagnosisof anorexianervosaand bulimianervosa, respectively,
aso received a secondary diagnosis of MDE. The
co-occurrences of primary diagnosis of anorexia nervosa or
bulimia nervosa with the presence of a secondary diagnosis of
1 of 7 anxiety disordersfor males, females, and thetotal sample
are extracted from Multimedia Appendix 2 and are shown in
Table 2.

Table 2. Comorbidities of anxiety disorders, MDE in anorexia nervosa and bulimia nervosa groups.

Anxiety disorders Anorexia nervosa, n (%)

Bulimia nervosa, n (%)

Mae(n=3)  Femae (n=11) Total (N=14) Male (n=26) Female (n=479) Total (N=505)
ocD 1(333) 5 (45.5) 6 (42.9) 12 (46.2) 171 (35.7) 183 (36.2)
SAD 1(333) 7(63.6) 8(57.1) 13 (50.0) 239 (49.9) 252 (49.9)
GAD 1(333) 8(72.7) 9(64.3) 15 (57.7) 248 (51.8) 263 (52.1)
PD/A 0(0.0) 3(27.3) 3(21.4) 5(19.2) 126 (26.3) 131 (25.9)
PTSD 1(333) 2(18.2) 3(21.4) 7(26.9) 160 (33.4) 167 (33.1)

sP 0(0.0) 4 (36.4) 4 (28.6) 9 (34.6) 127 (26.5) 136 (26.9)
AwoOPD 1(333) 1(9.1) 2(14.3) 7(26.9) 64 (13.4) 71(14.1)

As shown in Table 2, the comorbidity rate of anorexia nervosa
with any of the 7 anxiety disorders was highest for females
diagnosed with GAD at 72.7% and lowest for femal es diagnosed
with agoraphobiawithout panic disorder at 9.1%. Similarly, the
comorbidity rate of bulimia nervosa with any of the 7 anxiety
disorderswas highest for femal es diagnosed with GAD at 51.8%
and lowest for females diagnosed with PD/A at 26.3%.

It should be noted that the rate of comorbidity depends on the
reference group. For example, as shown in Multimedia
Appendix 2, the rate of co-occurrence of MDE in the bulimia
nervosa group was 80.8% (21/26) for males, 71.2% (341/479)
for females, and 71.7% (362/505) for both. However, the rate
of co-occurrence of bulimia nervosa in the MDE group was
found to be 4.6% (39/858) for males, 14.82% (261/1761) for
females, and 11.33% (300/2649) for both, and the rate of
co-occurrence of anorexianervosain the M DE group wasfound
to be 0% for males, 1% for females, and 1% for both.

Relationships Between Comor bidities of Anxiety and
Depressive Disorders and Psychosocial Variables

The data contained 6 anxiety disorders with the following
primary diagnosesfrequencies: GAD (n=2056), PD/A (n=1478),
SAD (n=1338), specific phobia (n=564), PTSD (n=504), and
OCD (n=463). The data also contained 2649 participants who
received aprimary diagnosis of MDE. Cross-tabulation of these
7 disorders resulted in cells with fewer than 5 participants. To
maintain a cell count of 5 or greater, specific phobia, PTSD,

http://www.jmir.org/2015/3/e55/

and OCD were removed from further analyses. For the next
several hierarchical loglinear analyses, MDE, GAD, PD/A, and
SAD were used with each of the following variables: suicidal
ideation, social support, and quality of life. In addition, age was
split into young (those between 18 and 35 years old) and older
(those over 35 yearsold). Sex of participantswas also splitinto
males and females.

Anxiety, Depression, and Suicidal | deation

Three anxiety disorders (PD/A, SAD, GAD) and MDE with
suicidal ideation were entered into a hierarchical loglinear
regression. The 5-way loglinear analyses resulted in a model

with a non-significant likelihood ratio (x210:9.6, P=.476) that
retained 3-way effects (x°,c=97.7, P<.001). Results of the
backward elimination showed 2 significant triads that contained
suicidal  ideation: PD/A*SAD*suicidal ideation and
PD/A* MDE*suicidal ideation. Two new hierarchical loglinear
models were constructed. The first model was based on PD/A,
SAD, suicidal ideation, age, and sex that resulted in a

non-significant likelihood ratio (x210=12.7, P=.240) that retained
3-way effects (x%,c=81.5, P<.001). The second model was based
on PD/A, MDE, suicidal ideation, age, and sex which resulted
in a non-significant likelihood ratio ()(210:6.5, P=.772) that
retained 3-way effects (x216:34.8, P=.004). Consequently, a
new model with PD/A, SAD, MDE, suicidal ideation, age, and
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sex with only 3-way effects resulted in a non-significant
likelihood ratio (x232:22.4, P=.90). Backward elimination

resulted in 2 significant triads that included suicidal ideation,
MDE-PD/A comorbidity dyad and PD/A-SAD comorbidity

AL-Asadi et d

dyad, as shown in Table 3. A 2x2 cross-tabulation for those
who reported no suicidal ideation and for those who reported
suicidal ideation was performed separately for the MDE-PD/A
comorbidity dyad and for the PD/A-SAD comorbidity dyad.

Table 3. Values and significance of chi square test for 3-way interactional terms for MDE, PD/A, SAD, sex, and age with suicidal ideation.

3-way interaction xz(df=1) P

MDE*PD/A*SAD 13.7 .000
MDE*PD/A*suicidal ideation 7.6 .006
MDE* SAD* Sex 8.3 .004
PD/A* SAD* Suicidal ideation 14.3 .000
PD*SAD*Age 22.7 .000
Suicidal |deation* Sex* Age 6.0 .014

MDE-PD/A Comor bidity Dyad

For the non-suicidal ideation group, there was a significant
association between MDE and whether or not PD/A was
endorsed (x21:11.1, P=.001). The odds for the non-suicidal
ideation group endorsing both MDE and PD/A were 1.18times

higher than if they had endorsed MDE only. For the suicidal
ideation group, there was a significant association between

MDE and whether or not PD/A was endorsed (x%=21.0,
P<.001). This was based on the finding that the odds of the
suicidal ideation group endorsing both MDE and PD/A were
1.84 times higher than if they had endorsed MDE only. The
frequencies of all combinations of PD/A, MDE, sex, and age
of those who reported suicidal ideation are shown in Table 4,
and a graph illustrating the effect of sex and age on suicidal
ideation when there is PD/A and MDE comorbidity is shown
in Figure 2.

Table 4. Freguencies (%) of those endorsing suicidal ideation by PD/A* MDE* Sex* Age.

PD/A MDE Sex Age Suicidal ideation, n/N (%)
Yes Yes M Y (<35) 309/547 (56.5)
Yes Yes M 0 (>35) 266/449 (59.2)
Yes Yes F Y 1075/1757 (61.18)
Yes Yes F o) 416/809 (51.4)
Yes No M Y 15/183 (8.2)

Yes No M o) 12/170 (7.1)

Yes No F Y 40/550 (7.3)

Yes No F o) 18/314 (5.7)

No Yes M Y 455/908 (50.1)

No Yes M o) 416/883 (47.1)

No Yes F Y 1194/2419 (49.36)
No Yes F o) 676/1547 (43.70)
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Figure 2. Sex by age for those who endorsed suicidal ideation (% frequency) and endorsed PD/A and MDE.

64%

62%

60%

58%

—ale

56%

54%

Female

52%

% Frequency of Suicidal Ideation

50%

Y

young (18-35 years)

PD/A-SAD Comorbidity Dyad

For the non-suicidal ideation group, there was a significant
association between PD/A and whether or not SAD was
endorsed ()(21:34.6, P<.001). The odds of the non-suicidal
ideation group endorsing both PD/A and SAD were 1.32 times
higher than if they had endorsed PD/A only. For the suicidal
ideation group, there was a significant association between

older (over 35 years)

PD/A and whether or not SAD was endorsed by this group
(x%,=140.4, P<.001). The odds of the suicidal ideation group
endorsing both PD/A and SAD were 2.07 times higher than if
they had endorsed PD/A only. The frequencies of all
combinations of PD/A, SAD, sex, and age of those who reported
suicidal ideation are shown in Table 5, and a graph of the effect
of age and sex on suicidal ideation in the presence of a PD/A
and SAD comorbidity is shown in Figure 3.

Table 5. Freguencies (%) of those endorsing suicidal ideation by PD/A* SAD* Sex* Age.

PD/A SAD Sex Age Suicidal ideation, n/N (%)
yes yes M Y (<35) 2441479 (50.9)
yes yes M 0 (>35) 197/392 (50.28)
yes yes F Y 842/1496 (56.3)
yes yes F (0] 314/689 (45.6)
yes no M Y 80/251 (31.9)
yes no M (0] 81/227 (35.7)
yes no F Y 273/811 (33.7)
yes no F (0] 120/434 (27.6)
no yes M Y 303/776 (39)

no yes M (0] 2471633 (39)

no yes F Y 804/2021 (39.78)
no yes F (0] 361/1049 (34.41)
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Figure 3. Sex by age for those who endorsed suicidal ideation (% frequency) and endorsed PD/A and SAD.
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Anxiety, Depression, and Social Support

Three anxiety disorders (PD/A, SAD, GAD) and MDE with
social support were entered into a hierarchical loglinear
regression. The 5-way loglinear resulted in a model, with a

non-significant likelihood ratio (x%,0=7.1, P=.72), which retained
3-way effects (x°c=86.5, P<.001). Results of the backward
elimination showed 1 significant triad that contained social
support, PD/A*GAD*social support (x%=4.3, P=.038). The
remaining 4 significant triads were the 3-way interactions of

older {(over 35 years)

MDE*GAD*PD/A, MDE* GAD* SAD, GAD* PD/A* SAD, and
MDE*PD/A*SAD that did not include social support. A
hierarchical loglinear model was constructed using PD/A, GAD,
and social support with sex and age. The resulting model had
anon-significant likelihood ratio (x%,;=2.2, P=.994) that retained
3-way effects (x%g=40.4, P=.001). A new model with only
3-way effects resulted in a non-significant likelihood ratio
(x216=17.7, P=.35). Backward elimination resulted in one

significant triad that included social support and GAD-PD/A
comorbidity dyad, as shown in Table 6.

Table 6. Values and significance of chi square test for 3-way interactional terms for GAD, PD/A, sex, and age with social support.

3-way interaction X(df=1) P

GAD*PD/A*Socia Support 9.6 .002
GAD*Sex*Age 19.6 .000
PD*Age 425 .000
Social Support* Sex 14.9 .000

A 2x2 cross-tabulation for those who reported inadequate social
support and for those who reported adequate social support was
performed separately for the GAD-PD/A comorbidity dyad. For
those who reported inadequate social support, there was a
significant association between GAD and whether or not PD/A
was endorsed (x%,=119.12, P<.001). This was based on the

finding that the odds of inadequate social support group
endorsing both GAD and PD/A were 1.84 times higher than if

http://www.jmir.org/2015/3/e55/
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they had endorsed GAD only. For those who reported adequate
social support, there was a significant association between GAD
and whether or not PD/A was endorsed (x?,=40.31, P<.001).
The odds of the adequate socia support group endorsing both
GAD and PD/A were 1.42 times higher than if they had
endorsed GAD only. Table 7 shows the frequencies of all
combinations of PD/A, GAD, sex, and age of those who
endorsed adequate social support.
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Table 7. Freguencies (%) of those endorsing social support by PD/A* GAD* Sex* Age.

PD/A GAD Sex Age Socia support, n/N (%)
Yes Yes M Y (<35) 189/507 (37.3)
Yes Yes M 0 (>35) 166/435 (38.2)
Yes Yes F Y 671/1744 (38.47)
Yes Yes F o 304/793 (38.3)
Yes No M Y 116/223 (52.0)
Yes No M o) 97/184 (52.7)

Yes No F Y 294/563 (52.2)
Yes No F o 193/330 (58.5)

No Yes M Y 301/781 (38.5)

No Yes M o 306/787 (38.9)

No Yes F Y 1032/2362 (43.69)
No Yes F o) 639/1421 (44.97)

Anxiety, Depression, and Quality of Life

Three anxiety disorders (PD/A, SAD, GAD) and MDE with
quality of life were entered into a hierarchical loglinear
regression. The 5-way loglinear resulted in a model, with a
non-significant likelihood ratio (x2,,=11.1, P=.35) that retained
3-way effects (x°c=92.6, P<.001). Results of the backward
elimination showed 1 significant triad that contained quality of
life, PD/A*SAD*quality of life (x%=4.6, P=.031). The
remaining 3 significant triads were the 3-way interactions of
MDE*PD/A*SAD, MDE* GAD* SAD, and MDE* GAD* PD/A

that did not include quality of life. A hierarchical loglinear
model was constructed using PD/A, SAD, and quality of life
with sex and age. The resulting model had a non-significant

likelihood ratio (x%,,=7.7, P=.66) that retained 3-way effects
(x216=56.0, P<.001). A new model with only 3-way effects

resulted in anon-significant likelihood ratio (x213=14.1, P=.37).
Backward elimination resulted in one significant triad that
included quality of life and PD/A-SAD comorbidity dyad. The
rest of the 5 significant triads did not include any comorbidity
dyad with the quality of life term, as shown in Table 8.

Table 8. Values and significance of chi square test for 3-way interactional terms for SAD, PD/A, sex, and age with quality of life.

3-way interaction xz(df=1) P

PD*Quality of Life*SAD 16.4 .000
PD*Quiality of Life* Sex 41 .042
PD*SAD*Age 18.0 .000
PD* Sex*Age 4.2 .040
SAD* Sex 54 .020

A 2x2 cross-tabulation for those who reported poor quality of
life and for those who reported good quality of life was
performed separately for PD/A-SAD comorbidity dyad. For
those who reported poor quality of life, there was a significant
association between PD/A and whether or not SAD was
endorsed ()(21:130.1, P<.001). This was based on the finding

that the odds of poor quality of life group endorsing both PD/A
and SAD were 1.87 times higher than if they had endorsed PD/A

http://www.jmir.org/2015/3/e55/

only. For those who reported good quality of life, there was a
significant association between PD/A and whether or not SAD
was endorsed by this group (x21=34.3, P<.001). The odds of
the good quality of life group endorsing both PD/A and SAD
were 1.35 times higher than if they had endorsed PD/A only.
The frequencies of all combinations of PD/A, SAD, sex, and
age of those who endorsed good quality of life are shown in
Table 9.
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Table 9. Freguencies (%) of those endorsing quality of life by PD/A, SAD, sex, and age.

PD/A SAD Sex Age Quality of life, /N (%)
Yes Yes M Y (£35) 188/479 (39.2)

Yes Yes M 0 (>35) 145/392 (37.0)

Yes Yes F Y 567/1496 (37.90)

Yes Yes F o) 270/689 (39.2)

Yes No M Y 147/251 (58.6)

Yes No M e} 113/227 (54.4)

Yes No F Y 503/811 (62.0)

Yes No F o) 253/434 (58.3)

No Yes M Y 339/776 (43.7)

No Yes M o) 386/663 (45.2)

No Yes F Y 1011/2021 (50.02)

No Yes F o) 519/1049 (49.48)
Discussion diagnosis of one or more anxiety disorders. The lowest

Principal Findings

A frequency matrix of the co-occurrence of 21 psychological
disorders based on primary and secondary diagnoses of 12,665
individuals who were assessed using the e-PASS online
diagnostic system was constructed. To the best of our
knowledge, such amatrix for thismany psychological disorders
has not been presented before for traditional in-clinic diagnosis
or for any online diagnostic tools. As such, comparisons with
existing literature should be viewed with caution. We present
this matrix to serve as a preliminary and potentially useful
reference for future worksin the area of online assessment and
diagnosis.

Given the high number of disorders in the matrix and limited
discussion space, we will focus on a few disorders that are of
most interest and/or have been studied before in in-clinic
samples.

Depression, Anxiety Disor ders, Insomnia/Hyper somnia,
and Drug and Alcohol Abuse

One area that has been studied extensively is the comorbidity
of MDE and the various anxiety disorders, and alcohol abuse.
We found the number of femalesreceiving a primary diagnosis
of MDE was twice the number of males receiving a primary
diagnosis of MDE. Thisratio of about 2:1 femalesto malesis
consistent with in-clinic samples and face-to-face diagnostic
tools. We a so found the comorbidities of MDE with all anxiety
disorders, except for OCD, among females to be greater than
the same comorbidities among males. In addition, the majority
(2 in 3) of those diagnosed with MDE reported insomnia,
whereas 1 in 5 reported hypersomnia, with greater numbers of
females than males reporting symptoms of insomnia and
hypersomnia. Moreover, 1 in 5 of those diagnosed with MDE
reported alcohol abuse with greater numbers of males than
females reporting a cohol abuse.

On average, we found approximately 1 in 3 of those who
received aprimary diagnosis of MDE al so received asecondary

http://www.jmir.org/2015/3/e55/

comorhidity wasfound between MDE and agoraphobiawithout
panic disorder whereas the highest comorbidity was between
MDE and GAD. Theseresults are consisted with findings based
on in-clinic samples [15,21,24,25,66]. Our findings are aso
consistent with Fava et a [24] who found that 46% of MDD
patients were significantly more likely to report symptoms
associated with GAD, OCD, PTSD, agoraphobiawithout panic
disorder, and PD/A than individuals without comorbid anxiety.
On the higher end, Almeida-Filho et al [23] found 74% of a
depressed Brazilian sample reported symptoms of anxiety
disorders, which is much higher than our results of 35%. This
discrepancy is possibly due to the fact that they used reported
symptoms of anxiety disorders, whereas this study used
adherence to the DSM-IV-TR diagnostic criteria. On the other
hand, our result that almost 2 in 3 of those receiving a primary
diagnosis of one of the anxiety disorders was aso receiving a
secondary diagnosis of MDE is consistent with Almeida-Filho
et al’s[23] resultsthat 61% of those with anxiety disorderswere
depressed.

We aso found high rates of comorbidities among anxiety
disorderswith GAD being the most comorbid anxiety disorder
with other anxiety disordersfollowed by SAD, specific phobia,
PD/A, PTSD, OCD, and agoraphobia without panic disorder.
Theseresults are consistent with previous research findings that
found anxiety disorders to have high comorbidities with each
other and that questioned the discriminant validity of some
anxiety diagnoses such as GAD [5,8-13]. This consistency may
suggest that there are no differences between onlineandin-clinic
assessment systems and online and in-clinic popul ations.

The comorbidities between MDE and various substance
dependency (ranging between 3% to 21%) found in this study
are much lower than the 42% of mood disordered patients who
had substance use disorders asreported by McGovern et a [37].
Again, this discrepancy may be due to this study’s strict
adherence to the diagnostic criteria.

The highest comorbidity of substance dependency present in
all anxiety disorders was found for males who received a
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primary diagnosis of GAD and asecondary diagnosis of a cohol
dependence at 24.06%, and for femaleswho received aprimary
diagnosis of specific phobia and a secondary diagnosis of
alcohol dependence at 15.10%. McGovern et al [37], without
examining males and females separately, found substance use
disorders present in 27% of patients diagnosed with anxiety
disorders, which is, again, dightly greater than results of this
study of about 17% for the combined mal e and female sampl es.
Almeida-Filho et al [23] found 20% of cases of alcoholism
co-occurring with anxiety disorders and MDD diagnoses.

This study also found insomnia to be present in all disorders
ranging from 41.25% to 83.67% for the combined male/female
samplesacrossall disorders. This association between insomnia
and psychological disordersisconsistent with the literature. For
example, the presence of sleep problems has been consistently
found in patients with anxiety and mood disorders [5,26-30].

Eating Disorders, Anxiety Disorders, and Major
Depression

Theinterpretation of the comorbidities of anorexianervosawith
other disorders should be viewed with caution because of the
small number of participants who were diagnosed with anorexia
nervosa. Overall, our results are consistent with the previously
found rates of anorexia nervosa and bulimia nervosa
comorbidities with MDE and anxiety disorders. Specifically,
we found 71.43% and 71.68% of those receiving a primary
diagnosisof anorexianervosaand bulimianervosa, respectively,
also received a secondary diagnosis of MDE. The comorbidity
of anorexia nervosa and MDE found in this study is within the
range of 50%-71% reported by previous studies[33,34,40-42].
However, the result for the comorbidity of bulimianervosa and
MDE found in this study is dightly greater than the range of
50%-65% reported by previous investigations [33,34,40,41].

The rates of co-occurrence of bulimia nervosa and anorexia
nervosa in the MDE group found in this study are consistent
with the estimated lifetime prevalence of anorexia nervosa in
MDD (1%-7%) and of bulimia nervosa in MDD (9%-21%)
reported by Carter et al [43] and Fava et a [44]. It is expected
that a larger proportion of bulimia nervosa individuas
experience symptoms of depression while a much smaller
percentage of depressed individuals experience symptoms of
bulimia nervosa.

While the choice of the reference group is very important in
establishing comorbidity rates, it varies in importance. For
example, while defining the reference group in the case of MDE
or anxiety disorders and bulimia nervosa or anorexia nervosa
isimportant, it isless so when defining the reference group for
MDE and GAD. As shown in Multimedia Appendix 2, the
co-occurrence of MDE in the GAD group is 66.83% whereas
the co-occurrence of GAD in the MDE group is 59.61% for
combined male and female sample.

For the most part, results of this study are consistent with
previous findings. However, results do not fall within the range
found in previous studies on three occasions. The comorbidity
rate for anorexia nervosawith GAD (64%) found by this study
is outside the range of 24%-49% reported by Godart et al
[47,54]. Similarly the comorbidity rate for anorexia nervosa
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with PTSD (21%) is outside the range of 2%-7% given by
Godart et al [47]. In both cases, the results of this study are
based on very few participants with anorexia nervosa and
therefore should be interpreted with caution. Finally, the
comorbidity ratefor bulimianervosawith MDE (72%) isdightly
outside the range of 61%-65% reported by Jordan et al [34] and
Cagsper [33].

Thisstudy also examined theinteractional relationships between
GAD, SAD, PD/A, MDE, sex, and age and three variables:
suicidal ideation, social support, and quality of lifeusing aseries
of hierarchical loglinear analyses. In each case, 3-way
interaction effects were found. For suicidal ideation, the odds
of endorsing having suicidal ideation was greater for those
diagnosed with depression and PD/A than depression only, and
for those diagnosed with PD/A and SAD than PD/A only. These
results suggest that comorbidity, even for two disorders,
increases the risk of having suicidal thoughts, as indicated by
previousresearch [3-5]. We a so found a significant interactional
effect for sex by age. The frequency of younger females (18-35
years old) diagnosed with MDE and PD/A or PD/A and SAD
endorsing suicidal ideation was about 10% greater than older
females (over 35 years old) and about 5% greater than their
counterpart younger or older males. These results suggest that
younger females who have these comorbidity dyads are at
greater risk of having suicidal ideation.

The results of this study found the GAD and PD/A dyad to be
the only one to have a significant relationship with socia
support. The oddsfor reporting having inadequate social support
was greater for those diagnosed with GAD and PD/A than GAD
only. There are not many studiesthat examined the relationship
between comorbidity and social support, but one recent study
reported a negative rel ationship between comorbidity and social
support [5]. We should note here that this study found no
significant interactional effect between GAD and PD/A
comorbidity dyad and sex, age, and social support. Theseresults
suggest that sex and age have little effect on the relationship
between this dyadic comorbidity and social support.

Finally, the results suggested that the PD/A and SAD dyad was
the only dyad to have a significant relationship with quality of
life. The odds for reporting having a poor quality of life was
greater for those diagnosed with PD/A and SAD than PD/A
only. Again, only one study reported a negative relationship
between comorbidity and quality of life [5]. Also, as was the
case with social support, we found no significant interactional
effect between the PD/A-SAD comorbidity dyad and sex, age,
and quality of life. These results suggest that sex and age have
no effect on the relationship between this dyadic comorbidity
and quality of life.

Transdiagnostic Approaches

Thereis growing support for using transdiagnostic approaches
for the assessment and treatment of psychological disorders.
AL-Asadi et a [5] using dimensional scales found overlapping
dimensions underlying the various psychological disorders.
Moses and Barlow [67] and Barlow et a [68] concluded that at
aminimum, a diagnostic specific approach and transdiagnostic
approaches to treatments are equally effective. AL-Asadi et al
[69] found significant reduction in the severity of symptoms of
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depression as aresult of participants receiving anxiety-specific
treatment and supported the efficacy of onlinetherapy to provide
transdiagnostic treatment. McEvoy et a’s [70] review of the
literature concluded that transdiagnostic treatments were
associated with improvements in comorbidity disorders and
with high client satisfaction, therapeutic aliance, group
cohesion, and positive treatment expectations. McManus et al
[71] pointed out the potential of transdiagnostic approachesin
addressing multiple comorbid anxiety disorders. Wade et al
[72] found support for using transdiagnostic approaches to
understanding eating disorders. Results of this study provide
further support for the use of transdiagnostic approachesto the
assessment and treatment of psychological disorders.

Limitations

One of themajor limitations of thisstudy isthelack of acontrol
group. The online system does not require the inclusion of a
control group and consequently any conclusion must be taken
as preliminary. Another limitation isthe lack of research onthe
sensitivity and the psychometric properties of the e-PASS
system. There is only one unpublished study that found the
e-PASS system to have high test-retest reliability and adequate
convergent validity (Nguyen, unpublished PhD thesis, 2013).
Unfortunately, even this one study has used asmall samplesize
and found disagreement between e-PASS and structured clinical
interviews when it came to the level of severity required for a
clinical diagnosis. More validation studies with larger samples
and using the newly released DSM-5 criteriaare required before
definitive conclusions can be made. The last limitation is

AL-Asadi et d

inherent to all self-report instruments such as e-PASS. The
exclusive reliance of e-PASS on automated online self-report
measures brings into question the extent to which diagnosing
individualsisreliable. Concerns have been raised regarding the
reliability of online diagnostic tools[73].

Conclusions

In summary, overlap between psychological disorders for our
online sample using the online assessment tool, e-PASS, was
confirmed and was found to be similar to in-clinic samplesusing
face-to-face assessment tools. Overall, there did not appear to
be much differencein therates of comorbidities of psychological
disorders between in-clinic samples using faceto-face
assessment and diagnostic tools and our online sample using
the online assessment and diagnostic tool, e-PASS. The results
of this study showed that the comorbidity rates for the online
sample using e-PASS commonly fell within the range found
for in-clinic samples using in-clinic assessment tools. The
observation that e-PASS and face-to-face assessment tools
generally yielded the same result may provide further evidence
to the validity and the utility of the Anxiety Online Platform
and the e-PASS assessment tool. Findings of this study
supported the use of transdiagnostic approaches in the
assessment and treatment of psychological disorders. Moreover,
dyadic disorder comorbidities of some anxiety disorders and
MDE were found to increase the odds for having suicidal
ideation, inadequate social support, and poorer quality of life
than a diagnosis of only one of the two making up the dyadic
disorder.
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Abstract

Background: TheHealth Information Technology for Economic and Clinical Health (HITECH) Act imposes pressure on health

care organizations to qualify for “Meaningful Use". It is assumed that portals should increase patient participation in medical
decisions, but whether or not the use of portalsimproves outcomes remains to be seen.

Objective: The purpose of this systemic review is to outline and summarize study results on the effect of patient portals on
quality, or chronic-condition outcomes as defined by the Agency for Healthcare Research and Quality, and its implications to
Meaningful Use since the beginning of 2011. This review updates and builds on the work by Ammenwerth, Schnell-Inderst, and
Hoerbst.

Methods: We performed asystematic literature search in PubMed, CINAHL, and Google Scholar. We identified any data-driven
study, quantitative or qualitative, that examined a relationship between patient portals, or patient portal features, and outcomes.
We also wanted to relate the findings back to Meaningful Use criteria. Over 4000 articles were screened, and 27 were analyzed
and summarized for this systematic review.

Results: We identified 26 studies and 1 review, and we summarized their findings and applicability to our research question.
Very few studies associated use of the patient portal, or its features, to improved outcomes; 37% (10/27) of papers reported
improvements in medication adherence, disease awareness, self-management of disease, a decrease of office visits, an increase
in preventative medicine, and an increase in extended office visits, at the patient’s request for additional information. The results
also show an increase in quality in terms of patient satisfaction and customer retention, but there are weak results on medical
outcomes.

Conclusions: The results of this review demonstrate that more health care organizations today offer features of a patient portal
than in the review published in 2011. Articles reviewed rarely analyzed a full patient portal but instead analyzed features of a
portal such as secure messaging, as well as disease management and monitoring. The ability of patients to be able to view their
health information electronically meets the intent of Meaningful Use, Stage 2 requirements, but the ability to transmit to a third
party was not found in the review.

(J Med Internet Res 2015;17(2):e44) doi:10.2196/jmir.3171

KEYWORDS

patient portal; medical record systems computerized; access to information; patient participation; quality, outcomes; meaningful
use
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Introduction

The 2009 Health Information Technology for Economic and
Clinical Health (HITECH) Act placed new requirements on
health care organizations in terms of Meaningful Use criteria,
which drive reimbursements from the US government for
patient-centered care [1]. Appropriate use of patient portals
enables health care organizations to meet Stage 2 criteria for
patient and family engagement [2]. Despite the advantages of
apatient portal, there has not been widespread adoption of this
patient-centered tool in the United States [3]. Additionally,
research shows that although a provider can make a patient
portal available to a patient, it does not necessarily result in a
healthier patient [4]. As incentives came to a close at the end
of 2014, the authors pondered if there had been any
improvement from additional research conducted on the topic.

The US government defines a patient portal as*asecure online
websitethat gives patients convenient 24-hour accessto personal
health information from anywherewith an Internet connection”
[5]. The data are managed by the health care organization, and
even the most rudimentary portals enable patients to access
information like recent doctor visits, discharge summaries,
medications, immunizations, allergies, and lab results. More
advanced portals enable patients to request prescription refills,
schedule non-urgent appointments, and exchange secure
messaging (SM) with their provider [5].

The Meaningful Usecriteriaare aset of requirementsthat health
care organizations must meet in order to qualify for incentives
for the meaningful adoption of health information technology
(HIT) [6]. Stage 1 criteriafocused on data capture and sharing,
while Stage 2 (current stage) focuses on advanced clinical
processes such as health information exchange and increased
patient-controlled data; the latter is specific to patient portals

[6].

While most online patient portal programs are still in their
infancy, the overall advantage that they provide will need to be
benchmarked to determine how to improve not only the flow
of information, but to also provide the patient with tools to take
part in their care [7]. To be fully utilized in the future, these
applications should be implemented to allow for fewer time
consuming encounters between patients and providers as well
as to enhance the accuracy of information being exchanged.

The ownership of apatient portal distinguishesit from apersonal
health record (PHR); while the PHR is owned and managed by
the patient, a patient portal isowned and managed by the health
care organization. A main advantage of the patient portal isthat
the data are current, while the datain the PHR are current only
when the patient updates it. Without a patient portal as an
intermediary, the patient would not be able to access the data
in the electronic health record (EHR).

Ammenwerth, Schnell-Inderst, and Hoerbst conducted a
systematic review on patient portals through a pilot study in
2011 [4]. The authors used medical subject headings (MeSH)
termsto focustheir research on studiesthat measured the impact
of apatient portal on outcome criteriasuch as patient satisfaction
with the provided care, patient empowerment, costs and resource

http://www.jmir.org/2015/2/e44/
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consumption, mortality, or other relevant clinical parameters.
The authors identified 603 papers, 13 of which were
experimental or quasi-experimental. Of the 13 papers, five
studies were deemed eligible and further analyzed, and four of
which were randomized controlled trials (RCTSs). Sample sizes
ranged from 6-81 participants. A significant flaw in their
research was to include the PHR in their search, which, as
mentioned above, issignificantly different from apatient portal
in terms of ownership and management. The features of the
patient portal, such as disease management, SM, and the ability
to view current personal medical information, are not only key
distinguishing details between the patient portal and the PHR,
but they also identify features that align with Meaningful Use
criteriain Stage 2. Results of this study showed an association
between portal use and the following: decrease in office visits
rates and telephone contacts, increase in number of messages
sent, changes of medication regimen, and better adherence to
treatment. The authors summarized their resultsasavery small
effect of patient portals on patient empowerment.

This study intends to duplicate their systemic review with
material published from 2011-2014. In light of the HITECH
Act, itisexpected that patient portalsin the current market have
evolved to the point that patient empowerment is evident, and
medical outcomes can be more readily associated with the use
of patient portals. All studies included in the systemic review
will evaluate participants, interventions, compari sons, outcomes,
and study design (PICOS), as appropriate.

Methods

The structure and content of this systematic review wereloosely
adopted from the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) [7]. Three search
engines were queried for literature related to patient portals,
outcomes (quality), and Meaningful Use. The literature search
process, the inclusion and exclusion criteria, and final sample
sizeisillustrated in Figure 1.

MeSH termsfrom PubMed (MEDLINE) were used askey words
in the search. Unfortunately, MeSH does not contain the term
“patient portal”. Keywords from the Ammenwerth et al study
were all used, with the exception of “health record, persona”.
The latter term was not used because of the clear ownership
difference between the PHR and the patient portal. Asillustrated,
Boolean search operatorswere used to ensure proper termswere
used and associated. The three search engines used were
PubMed (including MEDLINE), CINAHL (excluding
MEDLINE), and Google Scholar.

Asdepicted in the Ammenwerth et a review, experimental and
non-experimental, as well as randomized and non-randomized
studies published in academic journalswere queried. The RCT
and quasi-experimental designs are strong research designs, but
we chose a wider array of publications, including those of
weaker research designs such as observational studies. In order
to be included in our review, publications must have occurred
between January 1, 2011, and August 24, 2014. Editorials,
government reports, letters to the editor, or non—data-driven
studies were not considered, asinthe Ammenwerth et a review.
Studies for this review must include full text of the article so
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that the researchers could be certain that the manuscript
addressed our research questions. Once studies were identified
(N=19), the bibliography/references of each of the chosen
articles were reviewed for seminal research otherwise missed.
This search yielded one additional article. A key-journal search
was also performed in the Journal of Medical Internet Research,
because it is a prolific publisher of innovative research. This
search added six studies and one review, for afinal sample size
of 27.

Rejection criteriacomprised the following. Studies used in this
review must have evaluated patient portals used by patients,
access to information by patients, or patient participation (in
medical decision making). Papers about PHRs or those that
confused the line between portals and PHRs were rejected for

Figure 1. Search criteriaand filters by search engine.

PubMed CINAHL

Kruse et a

aforementioned reasons. Studies presented at conferences but
not published in peer-reviewed or other academic journalswere
rejected. The Ammenwerth et a review was not included
because we were trying to update their review, and we did not
want the results of their review to skew the results of our own.

There were no human subjects in this study; all information
came from secondary data sources. The studies used in this
research were sources that were publically available, and the
subjects could not be identified either directly or through
identifiers linked to the subject. This qualifies under “exempt”
status in 45 Code of Federal Regulations 46. Therefore,
Ingtitutional Review Board review was not required, and consent
from subjects was not applicable.

Google Scholar

(((("patient portal”) OR "medical record
systems, computerized") OR "access to
information") OR "patient participation")
AND (("quality") OR "outcomes") AND
"meaningful use"”

((((TX "patient portal") OR TX "medical

record systems, computerized") OR TX
"access to information") OR TX "patient
participation”) AND TX (("quality") OR TX

"outcomes”) AND TX "meaningful use"

All words: quality outcomes
Exact phrase: meaningful use
At least one of the words: "patient portal"

"medical record systems computerized” "access

to information" "patient participation”

274 records (PubMed)

*excluding MedLine

5526 3032 records (CINAHL)*
2220 records (Google Scholar)
1
Jan 2011 - Aug 2014 v >| -4083 records
1443 160 records (PubMed)

123 records (CINAHL)
1160 records (Google Scholar)

Peer-reviewed OR academic journals

>

-100 records

123 records (PubMed)

* *filter not avail

1343 60 records (CINAHL)
1160 records (Google Scholar)**
|
Germane to study, duplicates removed, v

| -1323 records

3 records (PubMed)
19 11 records (CINAHL)
5 records (Google Scholar)

hand search of key journals , and v

references of existing records

+1 record from references
+7 from key journal search

v

n=27

Results

Overview

As depicted in Figure 1, 5526 results from the initial search
were narrowed down to 19 data-driven studies. From the
references of the 19 studies, one additional study wasidentified.
From the targeted-journal search, six studies and one review
were added [8-34]. A brief summary of each of the 27 fina
manuscripts was compiled for analysis and is presented in
MultimediaAppendix 1. Resultsfrom the searches are generally
organized by year of publication. Approximately 22% were
published in both 2011 and 2012, 37% were published in 2013,
and 41% were published in 2014. Multimedia Appendix 2

http://www.jmir.org/2015/2/e44/
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provides an in-depth analysis of the studies, interventions,
controls, outcomes, populations, and years conducted.

The studiesfrom 2011 that werereviewed covered awiderange
of objectives, and all were non-experimental. Goel et a analyzed
age and race among portal users [8]. Nijland et a analyzed
barriers to use of the patient portal [9]. Horvath et a used a
much larger sample to evaluate the association between portal
users and adherence to clinic appointments [10]. Results from
these studies identified the demographics most commonly
associated with use of the patient portal, that the primary barrier
to adoption is lack of Internet use, and that the odds of arrival
at an appointment increased 39.09% for portal users relative to
nonusers of the portal.
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In 2012, two of three studies were non-experimental. Palen et
al conducted a retrospective study on portal enrollees to
associate their rate of use of medical facilities[11]. Urowitz et
al identified themes for appropriate use of the patient portal
[12]. Debalco et a measured the frequency of access of provider
notes by patients [13]. The latter study was able to record
significantly positive, clinically relevant benefits by using a
patient portal, but the study stopped short of measuring the
positive benefit.

Ten studieswere reviewed from 2013. Osborn et a used mixed
methods to identify demographic differences between portal
and non-portal users [14]. Portal users also noted greater
medication adherence, particularly for those individuals with
chronic illnesses like diabetes. Providers did not perceive a
significant increase in workload. Wade-Vuturo et a reported
greater patient engagement through the use of the portal [16].
Patients felt that medical decision making was more
collaborative between them and their providers, increasing their
sense of autonomy.

Several studies from 2013 evaluated the use of the secure
messaging feature of a patient portal [15,16,20,22,23]. These
studiesall demonstrated ahigh level of patient satisfaction with
the feature, and the users did not feel the process to exchange
SMs was too complicated. Common to these studies was the
perception of high-quality care, better patient-to-provider
communication, greater levels of patient education, and a high
level of patient engagement/empowerment.

Studies from 2013 also demonstrated several barriersto use of
the patient portal; most common were lack of Internet access
and lack of technical support [19,20,22,23]. Another significant
finding in 2013 was the association of patient portal use with
medication adherence, disease control, self-maintenance of
health, and including the patient in the medica decision
[16,19,22,23].

Ten studies and one review were anayzed from 2014.
Researchers found an increase in communication between
patients and provider through SM, as well as an increase in
communi cation between patients and their health system, which
resulted in an increase in customer retention through use of the
patient portal [27,29]. Patients continued to respond positively
about the SM feature of a portal or a portal-like app
[24,26,32,33]. Use of the portal increased the number of office
visits and phone contacts in one study [28], but in the review
published in 2014, de Jong et a reported a decrease in the
number of office visits. Last, Zikmund-Fisher et a evaluated
portal user accessto lab test results[30]. The portal users could
not accurately interpret lab resultsthat indicated level of disease
management in diabetes patients. They concluded that health
literacy and numeracy skills serve as barriers to full utility of
the patient portal. If the patient can view the information but
cannot interpret the numbers, they would in turn contact their
provider for an interpretation, which defeats the goal of the
patients being able to interpret their lab results without the
provider having to call.

http://www.jmir.org/2015/2/e44/
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Bias, Validity, and Reliability

Severd studies evaluated did not use randomization nor did
they manipulate an independent variable. Studies without
randomization of participants run the risk of selection bias,
which, inturn, affectstheinterna vaidity. The articlesreviewed
did not provide a discussion section on bias or their efforts to
compensate for the same. Non-experimental designs do not
mani pulate the independent variable (use of the patient portal)
on a dependent variable (quality or Meaningful Use). Lack of
astrong research design also reducestheinternal validity of the
study.

The risk of detection bias, or bias in how outcomes are
ascertained, should not be low due to a common standard of
care for chronic conditions; however, not all studies reviewed
empirically measured outcomes. Reports of improved quality
were primarily self-reported by users of the patient portal or
portal-like apps.

Most studies that we reviewed provided sufficient detail for
other researchers to duplicate their research, therefore the
reliability of what they measured is strong. In the Methods
section, we summarized our search criteria, and in Multimedia
Appendix 1 we summarized results and applicability, loosely
following the PICOS modd identified in the PRISMA checklist.
This review took extra care to ensure the consistency of
measurement and reproducibility; we summarized the findings
of previous studies and reviews, and we related these findings
to our research questions pertaining to quality and Meaningful
Use. Therefore, the reiability of this review should be
acceptable. Unfortunately, our review did not record the
specifics from each researcher on article selection. As in the
Ammenwerth et a review, articles were reviewed by 2
researchers, and any differencesin judgment were resolved by
discussion.

Discussion

Summary of Evidence

The US Agency for Healthcare Research and Quality (AHRQ)
lists several indicators of quality [35]. Most of these indicators
surround the management of chronic conditions like diabetes
and hypertension, as well as preventative care. The US Health
Resources and Services Administration (HRSA) identifies
quality improvement initiatives in health care, namely patient
satisfaction and including the patient in medical decisions. This
review identifies several quality indicators that are generated
from both AHRQ and HRSA.

The use of the patient portalsin thisreview illustrates a higher
retention rate of patient loyalty [29] and lower appointment
no-show rates [9]. Portal users tend to be female, Caucasian,
under 65 years old, well educated, and prefer electronic means
of communication [8,16,26,29]. Studies documented ahigh rate
of patient satisfaction with the portal, which enables patientsto
take amore active role in medical decision making [16,17,24].
Sociodemographic disparities exist for portal use, and users
need to improve their health literacy in order to better interpret
the medical information they are viewing [8,10,16,18,21,30].
Portal use aso seems to increase patient-to-provider
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communication with only adlight increase in workload or office
visits[13,15,23,26,28,29]. Results varied on improved outcomes
[14,16,24].

Patient portals seem to offer great potential for higher quality
care, but it isunknown whether providers who offer the portals
will be able to capitalize on the Meaningful Use, stage 2
incentive due to lack of awareness of the patient portal service
[24,25,27]. Measure seven of 17 states requires eligible
professionals (EP) to “ provide patientsthe ability to view online,
download and transmit their health information within four
business days of the information being availableto the EP” [2].
In this review, there was insufficient data to associate the use
of the patient portal with Meaningful Use.

To improve the association of use of the patient portal with
Meaningful Use, hospital administrators should focus heavily
on theincorporation of training in proper portal usefor patients.
Portal developers should conduct ease-of-use studies on their
products. If the portal isnot easy to navigate, it will not be used.
Policy makers should consider the extension of Meaningful Use
incentives in the area that affects patient portals. The market
has been slow to adapt, and asaresult, the maturity of the portal
is not where it needs to be in order to improve quality of care
and more deeply involve the patient in the medical decision.

Limitations

It is important to stress the broader scope of study design
analyzed in thisreview compared to that of Ammenwerth et al.
When our team initially attempted to duplicate the origina
study, we did not find any RCTs, and we found only one
guasi-experimental study. We chose to open the search criteria
to observational studies. The results of studies with weaker
designsis weaker results to analyze.

A large limitation to this study was the lack of the key term
“patient portal” in MeSH. Asdepicted by Figure 1, we searched
for thiskey termin all three research databases, but this portion
of the search in PubMed resulted in an error. We sent amessage
to the Library of Medicineto call attention to this fact.

Asaresult of the absence of “patient portal” in MeSH, as well
as differencesin syntax required by each database, the queries
from PubMed and CINAHL were not matched exactly with the
same queries from Google Scholar. Boolean search operators
were used in PubMed and CINAHL, but Google Scholar does
not enable the use of this basic search method.

Thelimited ability of Google Scholar tofilter and save searches
could greatly limit the effectiveness of the search itself. Fewer
than 2% of the queries on Google Scholar matched the selection
criteriafor this study, and the search engine’srudimentary filters
forced a manua process of review for inclusion/exclusion
criteria. Ammenwerth et a and this study share a common
limitation on this issue; we undoubtedly omitted key research
inour reviews.

The differences in search strategies for different databases, the
absence of filtersin Google Scholar, and the manual process of
review for the Google Scholar results could easily affect the
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quality of analysis of this review. A key-journal search could
have been used as a form of validation for the Google Scholar
results. For instance, from the initial searches, alist of the top
three journals that publish material on patient portals could be
identified for a targeted search, as we did with the Journal of
Medical Internet Research. That search would help validate or
highlight weaknesses in the search terms used. If results from
thekey-journal search highlight asignificant number of articles
that were not picked up by the other queries, then search terms
would need to be added to the initial queries.

Conclusions

This study systematically reviewed literature from January 1,
2011, to August 24, 2014, to assess the outcome of patient portal
use and its effect on quality of care and medical outcomes,
effectively duplicating the study by Ammenwerth et al.
Approximately 89% of papers reviewed were non-experimental,
52% were qualitative, 67% were quantitative, and 22% were
mixed-methods. The mixed-method studies reflect those that
were both quantitative and qualitative. Only two studies were
guasi-experimental, and no studies used the RCT study design.
Ammenwerth et a were ableto find four RCTsfor their study.
We did not identify any RCTs.

The Ammenwerth et a review did not identify any
improvements in health outcomes, but it analyzed only RCTs.
In contrast, this review identified severa clinicd and
administrative improvements that qualify as quality, as defined
by the AHRQ and HRSA, but our review did not include any
RCTs. Improvements were identified in medication adherence
and the management of chronic disease [5,9,13,22], disease
awareness [33], improved self-care [19,22], general “clinically
relevant benefits’ [13], and a decrease in the number of office
visits [33]. Use of the patient portal also increased customer
retention [29], which is related to continuity of care. The use
of the patient portal was also associated with extended office
visits to ask questions of the providers, and an increase in
preventative medicine [19]. Although each article talked about
application features related to Meaningful Use, only one study
specifically used the term [24]. Meaningful Use incentives
outlined by the HITECH Act provide money to health care
organizations for specific adoption and use of HIT. Features of
a patient portal would help organizations meet some of the
qualifications for the incentives. Specific to this review would
be features of the patient portal such as disease management
and secure messaging between patient and provider [36].

Future research should focus on use of the patient portal and
empirically measured quality indicators such as medical
outcomes, medication adherence, and patient satisfaction.
Preferably, the study designs should be RCTS, or at aminimum,
an experimental design. The Meaningful Use criteria are
designed to improve quality and increase patient involvement
inthe medical decision. Not all EHRs offer a patient portal, but
as seen in this review, there are features of portals that are
offered as eHealth apps. The patient portal has great potential
to meet both intents of Meaningful Use, but there is not
sufficient evidence to declare its efficacy.
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Abstract

Background: Patient portals provide patients with the tools to better manage and understand their health status. However,
widespread adoption of patient portals faces resistance from patients and providers for a number of reasons, and thereis limited
evidence evaluating the characteristics of patient portals that received positive remarks from patients and providers.

Objective: The objectives of this systematic review are to identify the shared characteristics of portals that receive favorable
responses from patients and providers and to identify the elements that patients and providers believe need improvement.

Methods: The authors conducted a systematic search of the CINAHL and PubMed databases to gather data about the use of
patient portalsin the management of chronic disease. Two reviewers analyzed the articles collected in the search processin order
remove irrelevant articles. The authors selected 27 articlesto use in the literature review.

Results: Resultsof thissystematic review concludethat patient portals show significant improvementsin patient self-management
of chronic disease and improve the quality of care provided by providers. The most prevalent positive attribute was patient-provider
communication, which appeared in 10 of 27 articles (37%). This was noted by both patients and providers. The most preval ent
negative perceptions are security (concerns) and user-friendliness, both of which occurred in 11 of 27 articles (41%). The
user-friendliness quality was a concern for patients and providers who are not familiar with advanced technology and therefore
find it difficult to navigate the patient portal. The high cost of installation and maintenance of a portal system, not surprisingly,
deters some providers from implementing such technology into their practice, but thiswas only mentioned in 3 of the 27 articles
(11%). It is possible that the incentives for meaningful use assuage the barrier of cost.

Conclusions: This systematic review revealed mixed attitudes from patients and their providers regarding the use of patient
portals to manage their chronic disease. The authors suggest that a standard patient portal design providing patients with the
resources to understand and manage their chronic conditions will promote the adoption of patient portals in health care
organizations.

(J Med Internet Res 2015;17(2):e40) doi:10.2196/jmir.3703

KEYWORDS

electronic health record (EHR); health information technology (HIT); internet; patient portal; chronic disease; disease management;
self-management
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Introduction

As of 2012, about half of all adultsin the United States suffer
from one or more chronic diseases [1]. The top 10 chronic
conditions are hypertension, coronary heart disease, stroke,
diabetes, cancer, arthritis, and hepatitis[1,2]. Chronic conditions
affect any individual regardless of age, race, or socioeconomic
status, although it was noted that co-morbidity increases with
age and prevalence is higher among non-Hispanic white adults
[1]. Individuals suffering from more than one chronic disease
usualy have multiple providers and consume more medical
services such as hospitalizations, office visits, and medications,
which lead to higher health expenditures [2,3].

The concept of a patient portal has asserted its presence in
literaturefor the last several years. The US government provides
a rather clear definition of a patient portal: “a secure online
websitethat gives patients convenient 24-hour accessto personal
health information from anywherewith an Internet connection”
[4]. The patient portal differs from a persona health record
(PHR), however, in terms of ownership. The data in a patient
portal are owned and managed by the health care organization
along with the electronic health record (EHR) [4]. The advantage
of a portal over a PHR is that the data are updated whenever
there are updates on the EHR, while the datain a PHR are only
updated when the patient updates them. Patient portals offer
many features, and health care organizations can choose
different features of even the same vendor solution. The basic
portal enables a patient to access his/her information such as
recent office visits, discharge summaries, medications,
immunizations, alergies, and lab results, and the more advanced
portals enable a patient to request prescription refills, schedule
non-urgent appointments, and exchange secure messaging with
his/her provider [4].

Features enabled by patient portals are intended to improve
quality and access to health care by engaging patients to be
more active in managing and monitoring their health [3-6].
Many health care systems have piloted or implemented patient
portalswith emphasis on secure communication to assist patients
with the management of their own health and to improve the
coordination of care across multiple providers[3,7,8]. Patients
may communicate electronicaly with their provider, access
personal health records (PHR), receive lab results, request for
medication refills, schedule appointments, and learn more about
their health [7,9,10]. Some portals allow patients to monitor
their own health by entering their daily blood sugar levels or
weight loss progress, which give patients a greater sense of
empowerment in the management of their conditions [10-12].

http://www.jmir.org/2015/2/e40/
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In 2009, less than 5% of hospitals utilized a Web-based patient
portal [13]. Since Congress passed the Health Information
Technology for Economic and Clinical Health Act (HITECH)
in 2009, patient portal adoption has gained greater attention as
it enables a secure means of continuous patient-centered care
[3,8,10,11]. Innovations in health information technologies
(HIT) allow providersto implement electronic PHRsto deliver
targeted patient education for disease management and to
support provider decision-making [14-16]. Patient health
coaching has emerged as an effective serviceto educate patients
on their chronic conditions, provide eVisits, and strengthen the
patient and provider relationship [17-19].

Current research of patient portals has revealed mixed feelings
among patients and providerswho use Web-based patient portals
to monitor their chronic conditions [20]. Despite potential
advantages to providing personalized patient-centered care,
health care providers are concerned about the increasing
workloads to meet patient demands, lost profits, insufficient
security, and the high cost of acquiring and maintaining a patient
portal system [8,13,16,21].

The purpose of thisresearchisto conduct asystematic literature
review to identify provider/patient attitudes toward the use of
patient portals for the management of chronic disease. The
review will also identify portal features that received favorable
responses from patients and providers, and it identifiesthe portal
services that patients and providers find valuable but believe
need improvement.

Methods

Overview

The search and selection process of the articles used for this
review are illustrated in Figure 1. The authors conducted a
systematic search using PubMed and CINAHL research
databases. A conscious decision was mutually made between
researchers to omit Google Scholar in the search becauseit has
an extremely primitive filter capability. The number of key
search terms, even when incorporating Boolean operators,
creates a highly complex query. Qualitative and quantitative
studies and reviews published between January 2004 and July
2014 were included to increase the chance of capture of
academic articles on the topic. The broad search terms used
included “patient portals’, “internet portals’, “web-based
communication”, and “chronic disease”. These terms were
chosen from MeSH. Quotation marks for exact phrases and
Boolean search operators were included. Because PubMed
queriesMEDLINE, weexcluded MEDLINE from the CINAHL
search. Theinitial search yielded 394 results.
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Figurel. Literature review process.
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Exclusion Criteria

Filters were applied to exclude articles outside the period of
study (2004-2014) and those not published in academic,
peer-reviewed journals. Because PubMed automatically queries
MEDLINE, afilter wasused in CINAHL to exclude MEDLINE
results. A final filter on CINAHL excluded al studies except
those published in English. These filters removed 91 articles.

The remaining 303 articles were examined by at least one
reviewer. A determination was made whether the article was
germane to the study. This exclusion process was entirely
manual, and it removed 285 articles. Of the articles excluded
from the study, some only included patient portals as a small
part of abroader topic of technological advancesin patient care,
while others focused on EHRs in conjunction with patient
portals. One of the articles excluded from the literature review
was a comparative study of various portal systems, which did
not comment on the patient or provider attitudes toward the use
and adoption of aportal system. Our screening criteriaprimarily
revolved around our research question concerning the attitudes
of patients and providers toward the use of patient portals for
the management of chronic disease. Articles not related to the
objective of thisliterature review were excluded. Theremaining
articles and their references were examined by at least two
reviewers. An additional nine articles were added to the study
fromthereferences, but only if they fell within the 10-year date
range. Thefinal samplewas 27. A table was built to summarize
the observations from the authors on the 27 articles under study.

http://www.jmir.org/2015/2/e40/
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Results

The wide search criteria enabled a well-rounded evaluation of
patient portals across multiple chronic diseases: diabetes,
obesity, heart health, cancer, etc. Not surprisingly, there are
both positive and negative attitudes presented by patients and
providersusing apatient portal or a\Web-based communication
system.

A total of 27 articles were carefully read for common themes.
At least two reviewers made and compared notes on the articles
for consensus. A more detailed summary of the individual
articlesis provided in Table 1.

An affinity matrix has been used by other research to illustrate
frequency of mention or discussion of a particular topic [22].
For this review, an affinity matrix was created to identify the
occurrences of both positive and negative aspects in the
literature. This matrix can be found in Table 2. Overall, seven
positive qualities and eight negative qualities of patient portals
were common threads throughout the literature. In all, there
were approximately 105 instances of both positive and negative
perceptions of the patient portals.

A total of 11 out of 27 articles (41%) reported an improvement
of patient-provider communication asaresult of using a patient
portal [4,5,7,15,16,18,19,23-26]. Ten of 27 articles (37%)
reported a positive association with the secure messaging offered
by the patient portal [4,5,7,12,18-20,23-25]. Ten out of 27
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articles (37%) mentioned improvements in quality of care as
reported by both patient and provider
[4,5,7,13,16,18,20,23,25,27]. Ten of 27 articles (37%) reported
an increase in disease outcomes as a result of using the patient
portal. Nine out of 21 articles (33%) attributed greater
self-management of chronic conditionsthrough the presence of
educational resources presented through a patient portal
[4,7,12,13,16,18,21,23,28]. Seven out of 27 articles (26%)
reported from both patients and providers of the ease of
navigation and user-friendliness of the portals
[4,13,15,21,23,26,28].

Several positive and negative attributes overlapped within the
same study. For instance, while the respondents perceived an
element from their patient portal as being beneficial, other
respondents had a negative experience with a similar element
intheir portals. Even though patientsand providersview secure
messaging capabilitiesin patient portalsasabeneficial attribute,
11 of the 27 articles (41%) stated that there was insufficient
security in the portal design [7,8,10,12,15,16,20,24,25,27,29].
Alsoin 11 of 27 articles, patients did not perceive the patient

http://www.jmir.org/2015/2/e40/
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portal as user-friendly and had difficulty navigating Web
applications dueto alack of patient technical support, education,
and access to the Internet [6,8-10,16-18,21,28-30].

Secure messaging and time management were both mentioned
in five of the 27 articles (19%). The latter was most often
mentioned by providers as an expression of frustration that they
would not have sufficient time to take care of business that is
reimbursable. Surprisingly, only three in 27 articles (11%)
identified cost as a concern [7,8,14]. Thisis a surprise because
cost is mentioned consistently in the literature relating to cost
of other aspects of health information technology [31]. Three
of 27 articles (19%) reported a sharp decrease in patient to
provider communication after implementing a patient portal
due to patients cancelling office visits [10,19,27]. Although
patients value the educational resources provided in their patient
portal, in three articles, many patients reported difficulty
understanding and navigating interactive resources such as
health librariesin their patient portal [9,10,15]. Only two of 27
articles (7%) reported negative medical outcomes as a result of
using a patient portal [4,5].
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Table 1. Summarized findings of the literature.?
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Title

Findings

Primary-care physician attitudes towards the use of a secure web-based
portal designed to facilitate electronic communication with patients [32].

Enhancing access to patient education information: a pilot usability study
[33].

DIADEM: Implementation of acomprehensive disease management pro-
gramme for type 2 diabetes [30].

Interest in the use of computerized patient portals: role of the provider-
patient relationship [13]

Measuring the impact of patient portals: what the literature tellsus[9]

Patient use of secure electronic messaging within ashared medical record:
A cross sectional study [10]

The new age of healthcare communications [16]

Health coaching via an internet portal for primary care patients with
chronic conditions; a randomized controlled trial [20]

Usability testing finds problems for novice users of pediatric portals [28]

Theliteracy divide: health literacy and the use of an internet-based patient
portal in an integrated health system-results from the diabetes study of
northern California (DISTANCE) [8]

Patient web portals to improve diabetes outcomes (systematic review)
(18]

Factorsinfluencing the use of aweb-based application for supporting the
self-care of patients with type 2 diabetes: alongitudinal study [19]

Patient reported barriers to enrolling in a patient portal [29]

Variation in use of internet-based patient portals by parents of children
with chronic disease [26]

Impact of health portal enrollment with email reminders on adherence to
clinic appointments: a pilot study [34]

Improving diabetes management with a patient portal: a qualitative study
of diabetes self-management portal [12]

Internet use by primary care patients: Where isthe digital divide [24]

Theimpact of electronic patient portals on patient care: asystematic review
of controlled trials [31]

Prior to using the patient portal, physicians demonstrated concern of work
overload, lower reimbursement, and issues of security. After using the
patient portal, physicians reported time savings, ease of documentation,
improved quality of patient care, and improved communication.

Patients learned more about their disease and how to manage it with the
help of the educational linksin their patient portal.

User response was very positive. Patients entered their own glucose infor-
mation into the Web-based interface

There was dissatisfaction in the provider-patient relationship with the use
of the patient portal. Providers were not satisfied with its communication
capabilities or responsiveness, and they reported having difficulty obtaining
patient specific medical information.

Theimplementation of patient portal s decreased office visits and increased
the number of telephone calls and email from patients.

Patients over the age of 65 and covered by Medicaid are lesslikely to use
secure messaging due to problems understanding theinformation, difficulty
using technology, physical disabilities, and inability to accessthe Internet.

Portals increase the use of email communication, online appointment
scheduling, and electronic health records among patients. Physicians are
concerned about the loss of profitability that results from heavy use of
portals, the breach of patient privacy, and the increased workload in re-
sponding to patient emails.

Patients experienced a higher quality, more informative clinic visit after
using apatient portal because they were better informed about their health.

Despite prior heuristic testing, users found navigation of a portal to be
difficult; however, it is clear that portals have the potential to assist in
making health care system interfaces for laypersons more user-friendly
and functional.

There is adistinction among users and non-users with respect to health
literacy, educational resources, and ahility to navigate and use the technol -
ogy effectively.

A review of 26 articlesillustrates the value of patient portalsto both patient
and provider. Portals have a positive effect on outcomes of users.

Web-based applications improve patient access to care and enhanced the
patient-nurse communication process. Timely feedback from providers
alowed patients to better manage their diabetes.

User training must include the value of different features of a portal, and
reminders should be sent often.

Only 15.9% of portal users were still using the portals after 3 months of
initial registration. Education about the benefits of the portal is necessary
for patients to fully understand the value of portalsin patient care.

Portal users were more engaged with their own care. When the healthcare
organization combined email reminders with the portal use, monthly no-
show rates were significantly reduced across multiple clinics.

Patients were satisfied overall with features presented in the portal: users
stated that they were more aware of their health status. The study stated
that some portal features were too difficult for the patients to understand
and navigate.

Internet use is high among the sample (n=777). Mgjor difference between
users with chronic conditions was age. Older generations need more
training.

Thereare very few scientific studiesthat examine the relationship of portal
use to health outcomes or patient empowerment. Thereisinsufficient evi-
dence to suggest any relationship, positive or negative.
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Title

Findings

A national action plan to support consumer engagement via ehealth [5].

Secure messaging between providers and patients, and patients’ accessto
their own medical record (systematic review) [7]

Electronic patient portals: evidence on health outcomes, satisfaction, effi-
ciency, and attitudes: a systematic review [11]

Patient-provider communication and trust in relation to use of an online
patient portal among diabetes: the diabetes and aging study [21]

Patient-generated secure messages and €Visits on a patient portal: are pa-
tients at risk [27]?

Parents' perceptions of a patient portal for managing their child’s chronic
illness [25]

Consumers’ perceptions of patient-accessible electronic medical record
[35]

Understanding patient portal use: implications for medication management
[36]

Peatient experienceswith full electronic accessto health recordsand clinical
notes through the My HealtheVet Personal Health Record Pilot: qualitative

study [37]

Doesthe use of consumer health information technol ogy improve outcomes
in the patient self-management of diabetes? A meta-analysisand narrative
review of randomized controlled trials [6]

Impact of patient use of an online patient portal on diabetes outcomes[14]

Mobile and ubiquitous architecture for the medical control of chronic
diseases through the use of intelligent devices: Using the architecture for
patients with diabetes [15]

Family perceptions of the usability and value of chronic disease web-based
patient portals [17]

Family perceptions of the usability and value of chronic-disease, web-
based patient portals [23]

Technology-assisted patient access to clinical information: an evaluation
framework for Blue Button [38]

Evaluating user experiences of the secure messaging tool on the Veterans
Affairs patient portal system [39]

The use of eHealth can augment patient engagement, improve individual
health, and achieve broader health care system improvements. Patient
users of patient portals feel better prepared for the medical encounter, as
relevant questions, are better informed about their health, and are more
likely to take steps to improve their health.

Dataexiststo support a positive support between the use of a patient portal
and the improvement of glucose outcomes and patient satisfaction.

The systematic review shows that patient portals improve patient health
outcomes. There are concerns regarding the high cost of the patient portal
and the low utilization by patients.

Patients who trusted their health care providers were more likely to use
the secure messaging application of the patient portal.

Secure messages and eVisits are intended for low-risk symptoms and
regular queries. Over 75% of the patients used these services for thein-
tended purpose, but some used these services to communicate high-risk
symptoms, such as chest pain. Services should be expanded and monitored
24/7 in order to expedite the response time.

Portals seemed to remove barriers to communication, reduced hassle,
maximized convenience, and provided asense of control and independence,
reducing anxiety, and providing reassurance.

L ow-education, English-speaking health care consumers (n=28) were
queried in four focus groupsin New York City on perceptions of utility
and value of patient portals. Most demonstrated high levels of enthusiasm
about the portal’s utility and value. Researchers noted that designers of
portalsmust consider low reading levelsand ease of usein order to capture
enthusiasm and move the portal movement forward.

Portal users demonstrated better A1C (blood sugar) (P=.02). Usersreported
frequent use of medication refill capability, and they were enthusiastic
about refill reminders. Portal userswere morelikely to be Caucasian/white
(P<.001), have higher incomes (P=.005), be privately insured (P<.001),
and have more education (P=.05). Patients uses the portal to manage
medication refills and adherence. Additional focus on education may be
necessary to reach non-white, low income, and underinsured.

Patients reported positive experiences with the transparency that the portal
provided. Viewing their records seemed to improve patient empowerment
and engagement in their own medical decisions.

Health information technology improves patient self-management of dia-
betes. Further research needed to study the effectiveness of the technol ogy.

Results indicated that patients who access a patient portal were more
likely to achieve their target A1C.

Using the mobile monitoring apps allow patients to access their patient
portal at their own convenience. Patients enjoyed the ease of use and the
real-time functionality of the portal.

Parents agreed that data displayed by the portal was accurate, timely, and
useful. Confidentiality was not amajor concern. The portal augmented
understanding of their child's condition and their ability to manageit.

Parents of patients perceived the portal as useful, accurate and timely.
Parents using the portal felt confident in the confidentiality of their child's
information on the portal.

The implementation of Veterans Affairs (VA) Blue Button is alandmark
event for both patients and the VA as an organization. Designers should
focus on ease-of -use, low medical literacy, and carefully evaluate potential
unintended consequences.

Patients reported positive experiences with increased communication
through the VA's My HealtheVet portal. In order to capitalize on this
positive enthusiasm, designers should focus on marketing, education, skill-
building, and associated system modifications.
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Title

Findings

The effects on health behavior and health outcomes of Internet-based
asynchronous communi cation between health providers and patients with
achronic condition: a systematic review [40]

Impact of patient accessto Internet health records on glaucomamedication:
randomized controlled trial [41]

Any effect of asynchronous communication enabled through a portal is
not clearly demonstrated among the chronically ill sample of patientsin
this study. Patients seemed to appreciate the secure messaging capability,
and they are willing to take initiative to discuss health issues with their
providers. Results were not significant.

Patients with access to an I nternet-based glaucoma care support system
on glaucoma use demonstrated significant improvement (P=.0002) in ap-
propriate use of glaucoma medication, resulting in lower intraocular
pressure. While thisfinding is not directly a patient portal, it does
demonstrate a higher level of patient involvement and better outcomes
with accessto clinical data and care support through the Internet.

8Additional articles, beyond the 27 referenced in the text, were added in the peer-review process.

Table 2. Affinity matrix illustrating the frequency of factorsidentified in the literature (n=27).

Factor Occurrences Instances of the barrier
n (%)

+ (positive)
Patient-provider communication [4],[5].[71.[15],[16],[18],[19],[23],[24].[ 25],[ 26] 11 (41%)
Secure messaging [41,[5],[7],[12],[18-20],[23],[24] [ 25] 10 (37%)
Qudlity of care [41,[5].[7].[13],[16],[18] [20],[27],[23],[25] 10 (37%)
Disease outcomes [41,[5],[6].[71,[12],[15],[16],[21],[30],[23] 10 (37%)
Educational resources [41,[7].[12],[13],[16].[18],[21],[28] [ 23] 9 (33%)
User-friendliness [41,[13],[15],[21],[28],[23],[26] 7 (26%)
Time [51,[7],[15],[20][25] 5 (19%)

- (negative)
Security [71.[8].[10],[12],[15],[16].[20],[27],[29].[24],[25] 11 (41%)
User-friendliness [6],[8],[9],[10],[16],[17],[18],[21],[30],[28],[29] 11 (41%)
Secure messaging [8],[10],[20],[27].[29] 5 (19%)
Time management [71.,[91.[271,[30],[23] 5 (19%)
Cost [71.[8].[14] 3(11%)
Patient-provider communication [201,[19],[27] 3 (11%)
Educational resources [9],[10],[15] 3 (11%)
Disease outcomes [4],[5] 2 (7%)

Discussion

Principal Findings

In this systematic review, the authors sought to understand the
characteristics of patient portalsthat cause mixed fedingsamong
patients and providers using patient portals. The authors
identified the shared characteristics of patient portals that
received favorable responses from patients and providers. The
authors also identified the elements that patients and providers
believe need to be improved or included in the portal design.

Successful patient portals and Web-based portas are
user-friendly and empower patients to take responsibility for
managing their health. However, itisevident fromtheliterature
reviewed in this study that attitudes toward patient portalsdiffer.
Thereisalack of clarity regarding the portal design used among
respondents; it isunknown whether the portal s are designed the

http://www.jmir.org/2015/2/e40/

RenderX

same, or whether they differ from one to another. For instance,
while one portal may offer immediate access to laboratory
results, it may not provide the patient with explanatory material
to educate the patient on the meaning of hig’her lab results.
Another portal may provide an explanation of the lab results
but the medical terminology used may cause further confusion
for the patient.

Although this manuscript examines the same overall topic of
portals from Ammenwerth et al (2007), our findings differ in
many ways [31]. Ammenwerth et a did not find statistically
significant effect of the portal on medical outcomes. Our study
identified positive disease outcomes across 10 of 27 articles
(37%) [4-7,12,15,16,21,23,30]. Ammenwerth et a reviewed
only randomized controlled trials, however, and they did not
broaden their search to encompass the breadth of this study. A
common thread through the Ammenwerth et a study and ours
isthat security concerns rank very highly inthelist of negative

JMed Internet Res 2015 | vol. 17 | iss. 2 [e40 | p.206
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

perceptions about patient portals. This manuscript did not set
out to duplicate the work of Ammenwerth, but their work is
raised for comparison purposes.

Patients are concerned about the safety of secure messaging on
an Internet application, the complexity of the portal design, the
lack of guidance in how to use the portal, and the inability to
understand the information presented in the educational
resources. Patients over the age of 65 years are more likely to
have trouble using advanced technology than patients who are
more technologically inclined. The gap among users who have
different levels of expertise in using advanced technology is
caledthe“digital divide’. The authorsbelievethat by providing
patients with atutorial prior to using the patient portal, patients
who havelittle knowledge of technology will better understand
how to operate the portal.

A recurring themein the literature is the inability of patientsto
understand medical terminology presented in the patient portal
and not being knowledgeable about their own condition. Some
patient portals offered aHealth Library, which is an interactive
educational resource enabling patients to have a bettering
understanding of their conditions and how to better manage
their health. The resources educate patients on the importance
of taking their prescribed medications and changing their
behavior in order to improvetheir health. An advantage of using
electronic educational resources is that by providing an
electronic version of an information pamphlet covering a
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patient’s condition, patients will no longer be at risk of losing
their information packet.

Patient portals are an effective way to improve communication
between patients and their health care providers. However, the
large volume of electronic messages sent to providersfrom their
patients may overwhelm providers who must respond to the
messages as well as conduct office visits during their workday.
In addition to being very expensive to install and maintain,
patient portal systems require training for providers who may
or may not be willing to shift from paper records to electronic
health records. The ease of learning a new technology for the
provider is, no doubt, an important factor in the acceptance and
adoption of patient portalsin health care organizations.

Conclusions

Innovations in health information technologies improve the
quality of and accessto health care. Web-based portals provide
patients with access to their heath record, improve the
patient-provider communication, and enable patients to take
control of their chronic condition(s). In order to enable the
acceptance of patient portals among health care organizations,
the portals must be redesigned to be both user-friendly and
aesthetically appealing. The authors suggest that a standard
patient portal design providing patients with the resources to
understand and manage their chronic condition(s) will promote
the diffusion of thisimportant technology.
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Abstract

Background: Asprovidersdevelop an electronic health record—-based infrastructure, patients areincreasingly using Web portals
to accesstheir health information and participate electronically in the health care process. Littleis known about how such portals
are actually used.

Objective: In this paper, our goal was to describe the types and patterns of portal usersin an integrated delivery system.

Methods: We analyzed 12 months of datafrom Web server log files on 2282 patients using a Web-based portal to their electronic
health record (EHR). We obtained data for patients with cardiovascular disease and/or diabetes who had a Geisinger Clinic
primary care provider and wereregistered “MyGeisinger” Web portal users. Hierarchical cluster analysiswas applied to longitudinal
datato profile users based on their frequency, intensity, and consistency of use. User typeswere characterized by basic demographic
data from the EHR.

Results: We identified eight distinct portal user groups. The two largest groups (41.98%, 948/2258 and 24.84%, 561/2258)
logged into the portal infrequently but had markedly different levels of engagement with their medical record. Other distinct
groups were characterized by tracking biometric measures (10.54%, 238/2258), sending electronic messages to their provider
(9.25%, 209/2258), preparing for an office visit (5.98%, 135/2258), and tracking laboratory results (4.16%, 94/2258).

Conclusions: There are naturally occurring groups of EHR Web portal users within a population of adult primary care patients
with chronic conditions. More than half of the patient cohort exhibited distinct patterns of portal use linked to key features. These
patterns of portal access and interaction provide insight into opportunities for electronic patient engagement strategies.

(J Med Internet Res 2015;17(2):e42) doi:10.2196/jmir.3157
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achieving improvementsin the quality and efficiency of theUS
health care system. The rapid growth of the Internet has made

The adoption of hedlth information technology (HIT), It possible for patients to independently obtain medical

particularly electronic health records (EHR) and personal health  Information andincreasingly obtain health care on atemporally
records (PHR), is widely viewed as a critical step towards asynchronous basis. The Internet is widely used for seeking
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health-related information and patients are demanding access
to physician email, Web-based appointment scheduling, and
laboratory results online [1-4]. In response, structured health
systems and academic centers with EHR-based HIT
infrastructures are implementing Web-based patient portal sthat
give patients access to their EHRs and other electronic care
functions [5,6]. There is an expectation that these new
approaches to clinical interaction increase access and reduce
costs. Relatively littleisknown about how patientselectronically
access their provider’s HIT system via the portal. Deploying
and maintaining a portal requires substantial investments of
time, capital, and technical resources. Understanding how users
interact with the portal is fundamentally important to evolving
features that meet user needs and incorporate electronically
supported servicesinto existing clinician and patient workflows.
Indeed, current and proposed criteria for “meaningful use”
include functionality currently available in many portals. As
these criteria are finalized, they should be informed by
experience with thefirst generation of portals now inuse[7,8].
Moreover, Web portal experience will have considerable
implications for patient controlled persona health records
(PHRs) asthey areintegrated with provider-based EHR systems.

What is currently known about portal users, or more broadly,
individuals who use the Internet for health and health
care-related purposes, is based mainly on self-reported patient
attitudes and expectations [9-13], with few empirical
assessments of actual use [14-19]. A recent review found little
evidence to support the association between portal use and
improvement in patient care. The authorsfound that few studies
actually provided usage information, and the degree to which
patients“ exploited the offered functionalities’ isunknown [20].
Relatively little is known about actual use because most portal
interactions are difficult to track longitudinally at the individual
level. To address this gap in our understanding of portal use,
we used the audit trail function of the Web server transaction
log file data from the Geisinger Clinic’s portal to understand
how patients actually used the system over a long-term
(12-month) period. Similar analyses have been used to improve

http://www.jmir.org/2015/2/e42/
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the utility of other types of information systems such as medical
library websites [21-25]. We hypothesized that patients have
different motivations and expectations for use that are manifest
in their unique transaction patterns.

Methods

Overview

This study is a secondary analysis of administrative and EHR
data for a cohort of 4945 Geisinger Clinic (GC) patients with
cardiovascular disease and/or diabetes. GC isanetwork of more
than 40 community practice sites in Central and Northeastern
Pennsylvania, each of which uses the EpicCare EHR. The
analysis cohort consisted of 3297 patients who were users of
“MyGeisinger”, a Web-based electronic patient portal, and a
comparison-matched group of 1648 patients who did not use
MyGeisinger. This research was approved by the Institutional
Review Boards of both Geisinger Health System and the Johns
Hopkins University, and patient anonymity was strictly
maintai ned.

MyGeisinger Patient Portal

MyGeisinger is a secure, no-cost (to the patient) Web-based
portal that allows a patient to access portions of their EHR
(Figure 1). MyGeisinger can be used to access medical record
information including medications, allergy, and problem lists;
view preventive health reminders, provider information, and
details of previous office visits;, review, track, and graph
laboratory test results and clinical measures (eg, blood pressure,
weight); and interact with a provider via secure messaging.
Patients can also use MyGeisinger to complete administrative
tasks (eg, refilling medications, scheduling appointments,
requesting referrals). MyGeisinger use is voluntary. The
availability of these functions was consistent over the study
period. Information is available in al clinic sites. To register,
patients can either register at akiosk in a GC site or request an
account online, after which aletter with an activation code and
instructions for completing the registration process online is
mailed to their home address.
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Figure 1. Screenshot of the MyGeisinger Patient Portal.
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Study Population

Theanalysis cohort consisted of patientswho met thefollowing
inclusion criteria: (1) had aconfirmed diagnosis, by International
Classification of Diseases (ICD)-9 codes of diabetes, heart
faillure, and/or cardiovascular disease, (2) had an assigned
primary care physician (PCP) inaGC community practice site,
(3) had a visit with their PCP in the prior year, and (4) were
registered users of the MyGeisinger portal. For comparison
purposes, we also identified a matched (based on age, sex, and
comorbid conditions) random sample of patients who met the
first three inclusion criteria but had not registered to use
MyGeisinger.

Data Sources

The two sources of data used in this study were MyGeisinger
Web server log files and Geisinger’s el ectronic health record.

All patient level MyGeisinger usage and interactions (ie,
accessing a specific function by clicking on a link within
MyGeisinger) are automatically recorded and time stamped in
the log files maintained by the MyGeisinger Web server. For
this study, we used MyGeisinger server logs from November
1, 2005, through October 31, 2006.

Information obtained from the EHR included body mass index
(BMI), age, sex, comorbidities, and laboratory values relevant
to chronic disease care (eg, HbAlc, low and high density
lipoprotein values, blood pressure).

Analysis

We approached the analysis in four steps. First, we used Web
server log files to obtain detailed portal use information on a
cohort of MyGeisinger users. Second, we developed a set of

http://www.jmir.org/2015/2/e42/
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variables that quantitatively described the frequency, intensity,
and types of portal use. Third, in order to determine whether
therewere similar groups of portal users, we used factor analysis
to reduce the number of variables and then performed a cluster
analysis to identify similar types of portal users. Fourth, to
characterize the resulting clusters, we used a separate data source
that included demographic and limited data from the EHR to
profile the clusters.

MyGeisinger Log Files

For each patient, thelog file was transformed into alongitudinal
series of records for the 12-month study period, where each
record corresponds to a discrete porta session. A portal
“session” begins when a patient logs in with a username and
password and ends when the patient logs out or is inactive for
more than 20 minutes (a “time-out”). Study participants for
whom longitudinal datawere unavailable (ie, <1 session during
the study period) were considered “non-users’ and excluded
from the analysis. Multiple sessions were allowed per day or
“hit-day” [26] (ie, a day with at least one portal session). In
some cases, sessions recorded in the log file occurred in very
close proximity to one another (ie, logout followed by login
after avery short duration). For analytic purposes, we assumed
that sessionsin very closetemporal proximity (<3 minutes apart)
were indicative of a single instance of portal activity and
combined them accordingly.

For each session, variables were created to quantify the length
of the session (with adjustments made to account for time-outs)
and to count the number of times each function (eg, checking
lab results, emailing a physician) was used over the course of
the study period. In this context, “use” of afunction meant that
apatient clicked on alink on the main MyGeisinger menu (eg,
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“Lab Results”) or alink available from within a specific menu
option (eg, alink to review a specific lab result). Patients were
able to access each function multiple times during a session.
For each patient, we counted each time a link was clicked and
summed these at the session level for each function. In addition,
we created variables to describe the frequency, consistency,
intensity, and duration of portal use. Portal transactions were
classified as administrative (ie, appointment-related functions,
driving directionsto aGeisinger Clinic, provider details, proxy

Jones et al

functions, and referral functions) or otherwise categorized as
clinical. We counted the total number of administrative and
clinical transactions across all sessionsin the study period and
calculated the administrative-to-careratio (aratio >1.0 indicates
that participants used more administrative functions). The log
filewas processed using a custom-programmed script (available
on request) written in the Perl programming language. A
schematic overview of theway the Perl script processed thelog
fileis shown in Figure 2.

Figure2. Summary of the process for parsing the log file using Perl. MRN: medical record number.
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Variable Creation and Factor and Cluster Analysis

Asthebasisfor our typology, we extracted 41 variables derived
fromthelog filesthat quantify: (1) the number of times patients
used individual portal functions during the study period, and
(2) the frequency, consistency, duration, and intensity of use
(Table 1). We defined frequency on the basis of the total number
of sessions during the study period and on the total number of
“hit-days’. A hit-day is defined as any day on which a patient
accesses the portal, regardiess of the number of individual
sessions on a given day [26]. Because session counts alone do
not characterize use over alonger-term period (eg, a user could
have many sessions during a single month and then never use
the portal again), we defined a measure of consistency to
distinguish users who might have asimilar number of sessions

http://www.jmir.org/2015/2/e42/

overal, but with adifferent distribution acrossthe study period.
Similar to the concept of a hit-day, we measured consistency
asthe total number of hit-months, which, in turn, were defined
asany individual month inwhich apatient had at |east one portal
session (eg, 12 hit-months meant that a user accessed the portal
a least one time during each month of the study period).
Intensity of use was defined asthe number of functions accessed
by auser during anindividual session, aswell asby the average
page view length (ie, the average number of minutes between
thetime auser clicks on alink to a specific portal function and
the time when they click to go to the next function or to log out
of the session) and the total number of functions accessed during
the study period. Duration was defined by two variables: the
average length of an individual session and the total length of
all sessions over the course of the study period.
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Table 1. Variables extracted from the log file.
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Variable (Category/Name) Description/Definition
Frequency

sess Total number of sessions during study period

hitdays Hit days (days during study period with =1 session)
Consistency

hitmo Hit months (months during study period with =1 session)
Duration

avg_sess len_mins

tot_len_mins
Intensity

avg_view_mins

totfxn

avgfxnses
Administrative use ratio

adminfxn

carefxn

ratioac

Average session length (minutes)

Total length of all sessions (minutes)

Average length of each page view (minutes)
Total number of functions used

Average number of functions accessed per session

Total administrative functions accessed during study period
Total of care-related functions accessed during study period

Ratio of number of administrative-to-care functions accessed

Use of individual portal functions (measured astotal times accessed during the study period)

labresults

|abtests
resultcomponentgraphing
encounterreview
encounterdetails

alergies

immunizations
problemlist

messaging
flowsheetreportslist
flowsheetreportdetail s
healthmaintenance
healthmai ntenanceschedule
healthsnapshot

histories

letters

medication
medicationrenewal request
patientnotes
personlpreferences
demographics
providerdetails
addresschangerequest
referralreview

referralrequest

Review specific lab results

Review lab tests

Graph specific test results

Review list of all previous physician visits
Review details of specific physician visit
Review list of alergies

Review immunization history

Review problem list

Review message inbox

View list of trackable clinical measures

Graph specific clinical measures (weight, blood pressure)
Review al preventive care reminders

Review preventive care reminder

Review summary of preventive health information
Review patient history

Review list of referral |etters

Review list of current medications

Renew medication via secure message

Enter notes viewable only by patient
Review/update demographic information

Update patient demographic info (email address)
View detailed information about a provider
Update address information

View referralsto other providers

Request referral

http://www.jmir.org/2015/2/e42/
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Variable (Category/Name) Description/Definition

appt_fina
proxyaccessview
customerservicerequest
drivingdirections

switchcontext Switch to proxy view

Appointment-related functions (schedule, review, cancel)
View another individual’s medical record
Send message to customer service

View directions to physician/speciaist office

We explored typologies in two steps. First, we used principal
components factor analysis with a varimax rotation to reduce
the 41 variables in the analytic dataset to 10 composite factor
scores (results available on request). Second, we conducted a
cluster analysis of individual patient factor scores to identify
similar types of MyGeisinger users. Cluster analysis
encompasses avariety of mathematical methodsfor classifying
groups of similar entities (eg, portal users), often for the
development of typologies[27]. We sought to determine whether
there are distinct groups of portal users, where similarity within
a group is measured by both the number of specific portal
functionsthey use over time and by measures of the frequency,
consistency, duration, and intensity of their use. We used a
hierarchical agglomerative clustering algorithm that initially
places each patient in aseparate cluster and theniteratively joins
the two most similar clusters. “ Similarity” was assessed using
Ward's minimum variance method. The final cluster analysis
solution places each patient into one of a set of mutually
exclusive groups or “clusters’ designed to minimize the
differences between patients within a cluster and maximize the
differences between patients in all other clusters. Because the
cluster analysis is based on variables that describe study
participant’s use of the portal over the 12-month course of the
study and not on patient-level variables such as age, sex, or
health status, the resulting clusters will be based on similarity
of portal use patterns, not on similarities between patient-specific
variables such as age, sex, or health status. Our final typology
was devel oped by summarizing the patient-level data (eg, age,
sex, clinical characteristics) and portal use data for distinct
groups of portal usersidentified by the clustering algorithm in
order to develop summary descriptions of each group.

http://www.jmir.org/2015/2/e42/

Our analysis used an empirical, hierarchical approach [27,28]
rather than an iterative partitioning [29] approach because we
did not make a priori assumptions about the number of clusters
we expected to identify in our dataset. The cubic clustering
criterion and pseudo t-statistics were used to make the final
determination of the optimal number of user types (ie, clusters)
underlying our typology [30]. To minimize the influence of
outliers, we calculated the distribution of the total number of
sessions for all portal users and removed those individuals
(n=24) whose total number of sessionswas greater than the 99"
percentile of total number of portal session. Factor and cluster
analyses were completed using SAS 9.1; al other statistical
analyses used Stata 10.1.

Results

We identified a total of 3297 study participants who met
inclusion criteriaand were registered MyGeisinger users (“ portal
registrants’). Of these, 2282 (69.21%) actually logged in and
used the portal at least two times (“registered active users’)
during the 12-month study period (Table 2). After excluding
24 patientswhose total number of sessionswas greater than the

o9t percentile, 2258 patients were included in the cluster
analysis. Of the remaining 1015 registered patients who were
classified as “registered non-users’, 183 used the portal for a
singlesession. “Activeusers’ (ie, 22 sessions) weremore likely
to be male. Age distributions, although statistically different,
were largely similar between active users, non-users, and
non-registered matched controls (Table 2).
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Table 2. Characteristics of Web portal registrants who access the site at least 2 times compared with non-registrants and registrants who used the site

minimally.

Characteristics Portal registrants (N=1015):

Portal registrants (N=2282):

Portal non-registrants (N=1649):

Non-users (<1 session) Active users (=2 sessions) Matched controls

n % n % n %
Sex
Female 459 45.22 974 42.68 717 43.48
Mae 556 54.78 1308 57.32 932 56.52
Age?
<44 103 10.15 237 10.39 190 11.52
45-54 202 19.90 472 20.68 318 19.28
55-64 295 29.06 755 33.09 488 29.59
65-74 221 21.77 525 23.01 389 23.59
75-84 149 14.68 249 10.91 215 13.04
85+ 45 4.43 44 193 49 297
Chronic disease
Diabetes only 433 42.66 1071 46.93 748 45.36
Cardiovascular only 311 30.64 637 2791 470 28.50
Heart failure only 48 4.73 66 2.89 63 3.82
22 chronic conditions 223 21.97 508 22.26 368 22.32
Mean Body Mass Index 31.36 31.34 324

3p<01.

Principal components analysis identified 10 factors. Each
patient’s factor scores, which represent estimates of the scores
study participants would have received on each of the extracted
factors if the factors were measured directly, were used in the

cluster analysis model [31]. Using the pseudo t? criteria as a
guide, we selected an eight-cluster solution. Two major
categories of usage measures (Table 3) were used to characterize
portal activity for each of the eight clusters over the entire
12-month study period: (1) “porta use’” measures (eg, frequency,
consistency, duration, and intensity) that characterize overall
use during the entire study period, and (2) “functional use”
measures that describe the average number of times that
members of a cluster used a specific function (eg, electronic
messaging, viewing lab results) over the course of the 12-month
study period. Each of the eight clusters was distinguished
primarily by the constellation of portal use and functional use
measures for which the cluster had either the highest or lowest
average value relative to every other cluster (Table 3). For
example, the largest cluster, number 1, accounted for 41.98%
(948/2258) of the population, had the lowest average measure
of intensity of use (7.4 functions per session), and had the lowest
average use of the mgjority of individual portal functions (eg,
members of this group accessed the lab results function an
average of 20.5 times during the study period). In contrast,
Cluster 7 members used the proxy access function 13 times
more often (on average) than the members of Cluster 5, which
had the second highest average proxy use (54.2 vs 4.2 times)
during the study period. Cluster 5 had the highest frequency

http://www.jmir.org/2015/2/e42/

and consistency of use and the highest average use of the
function that allowed users to view and track their lab results
(Table 3). Table 4 profiles each cluster on the basis of
demographic and clinical characteristics.

Based on the usage patterns and the demographic and clinical
characteristics of thiscohort of patientswith chronic conditions,
weoffer atypology of eHealth users (Table5). Type 1 members
(“eDabblers’) are low frequency and low intensity users.
Members of type 2 (“infreguent intense users’) are similar to
Type 1 but have the highest intensity of use as measured by the
average number of functionsthat members of this group access
each time they use MyGeisinger. Members of Type 3
(“electronic messengers’) are very high users of secure
messaging, including requests for referrals and to renew
medications.

Type 4 (“appointment preparers’) is distinguished by frequent
use of the portal for appointment scheduling, reviewing
information on specific doctors, and viewing directions to a
specific clinic location, functions that a patient is expected to
use prior to an office visit. Type 5 (“lab trackers’) is
characterized by its high use of laboratory test review and
tracking functions. Type 6 (“biometric monitors’) is
distinguished by its use of the function for tracking weight and
blood pressure. Type 7 (“ proxy moms’) is predominantly female
(80%, 12/15), has the youngest average age (39 years), and
demonstrates very high use of the proxy function. Type 8
members (“record updaters’) used the email and address update
functions.
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Table 3. Clustering of patients into eight user types based on cluster analysis of Web portal use patterns (total users N=2258).
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Cluster #
1 2 3 4 5 6 7 8
Cluster size
Number in cluster, n 948 561 209 135 94 238 15 58
Percent in cluster, % 4198 2484 926 598 416 1054 066 25/
Web portal use measures
Frequency
Mean number of sessions 185 7.82 46.2 460 582° 209 533 288
Consistency
Mean hit-days° 151 69° 352 364 433° 167 377 28
Mean hit-months® 64 412 93 93 102° 68 102 75
Duration
Mean session length, minutes 4.7 106° 6.9 52 65 75 71 68
Mean page view length, minutes 0.6 07 0.6 08 06 0.6 140 05?
I ntensity
Mean number of functions/session 7.48 183° 101 83 145 143 99 126
Administrative vs Care-related use
Mean ratio of administrative:care use 0.3 022 03 13* 02 02 07 03
Review specific lab results 1397 192 30.6 327 980° 291 315 262
Review list of available lab tests 2052 239 43.8 483 1434° 386 455 367
Graph specific lab test results 212 33 6.1 51 17.5° 6.0 77 50
Review list of all prior provider visits 412 6.7 155 238 208° 143 297 122
Review details of prior provider visit 277 44 106 156 19.7° 97 189 82
Review electronic message inbox 28.7 144 1047° 556 68.1 328 543 436
View list of graphable values (weight, bp) 0.32 04 12 11 15 3.1P 21 09
View specific graphs (weight, bp) 0.42 0.5 16 17 22 4.7° 27 14
Review past medical history 0.7 11 24 18 52° 25 17 22
View received letters 14 15 69 30 57 27 17 32
Review list of current meds 63 67 206 165 384° 123 170 166
Renew med(s) via electronic message 19 0.52 5.0° 19 23 13 33 21
Update email address® 05 032 10° 05 07 05 07 08
Update address® 01* 01 03 02 03 0.3 05 24
View detailed provider information® 07 11 2.8 100° 45 2.0 19 35
Review approved referrals® 112 16 125° 76 123 43 31 59
Request specialty referral® 0.3 022 55° 26 19 0.6 14 13
Proxy use (view another’s record)® 132 16 4.1 31 42 25 54.2° 3.4
Send message to customer service® 0.7 042 55 17 25 13 17 16
View directions to provider’s office® 022 02 0.8 29° 11 0.4 05 08
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Cluster #
1 2 3 4 5 6 7 8
Schedul e/change/cancel appointment® 165 88 464 933° 592 245 411 33

&_owest value relative to other clusters.

bHigheﬂ value relative to other clusters.

“Number of individual days/months during study period with >1 session.
dadministrative function (all others classified as care-related).

®The average was cal cul ated based on the total number of timesa function was used (ie, aportal menu option was clicked) by each patient in the specified
cluster and dividing by the number of patientsin the cluster. A function could be used multiple times per session. Not all functions accessible via the
portal are listed in this Table.

Table 4. Characteristics of patientsin each of the eight clusters of user types.

Cluster # (size)
1 (n=948) 2 (n=561) 3 (n=209) 4(n=135) 5(n=9%4) 6 (n=238) 7 (n=15) 8 (n=58)

Patient characteristics
Mean age, in years 61.0 60.8 61.2 59.3 61.3 57.2 395 53.2
Gender, % femae 41.4 39.6 48.3 42.2 4.7 445 80.0 48.3
Mean Body Mass Index 311 30.5 31.0 33.0 29.7 35.2 318 275

Chronic conditions, n (%)

Diabetes mellitus 430 (45.4) 254 (45.3) 103(49.3) 61(452) 44(46.8) 124(521) 10(66.7) 32(55.2)

Cardiovascular disease 270(285) 175(312)  50(23.9) 31(23.0) 27(28.7) 63(265) 3(200)  13(224)

Chronic heart failure 25 (2.6) 18 (3.2) 5(2.4) 4(3.0) 2(21) 8(3.4) 1(6.7) 2(3.4)

=2 Chronic conditions 223 (23.5) 114 (20.3) 51 (24.4) 39 (28.9) 21 (22.3) 43(18.1) 1(6.7) 11 (19.0)
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Table5. Eight eHealth patient types based on Web portal use patterns.

Jones et al

Cluster/type # (population Label
%)

Key attributes

1 (42%) eDabblers

Largest cluster

Shortest average session length

Second-lowest average number of sessions

Lowest intensity use

2 (25%) Infrequent, intense users

Infrequent but meaningful visits (ie, highest intensity of use)

Lowest frequency (hit days) of use

Lowest consistency (hit months) of use

Highest percentage of male users

3(9%) Electronic messenger

Highest use of the secure messaging function

Highest use of the referral review and request functions

Highest use of the medication renewal function

Second-lowest average patient activation score

4 (6%) Appointment preparers

Highest use of appointment scheduling functions

Highest ratio of administrative-to-care use (only cluster >1.0)

Highest use of function that displays provider information

Highest use of function that provides driving directionsto clinic

5 (4%) Lab trackers

Highest use of the lab results and lab test review functions

Highest frequency and consistency of use

Lowest administrative-to-care ratio (ie, more care-related use)

Second-highest average patient activation score, highest average age

6 (11%) Biometric monitors

Highest use of weight/blood pressure tracking and graphing

Second-highest average session length

Lowest use of most portal functions

Highest average BMI

7 (1%) Proxy moms

Highest use of proxy functions (ie, view another person’s record)

Second-highest frequency and consistency of use

Second-highest use of function to review list/details of office visits

Highest proportion of female user, lowest average age

8 (3%) Record updaters

Highest use of email/address updating functions

Third-lowest frequency and consistency of use

Shortest average page view time

Highest average patient activation score

Discussion

Principal Findings

The conceptual model for understanding users of eHealth
technologies such as portals, and for understanding the link
between portal use and changes in patient outcomes, is not
adequately developed and is often categorized along a single
dimension. The amount of use (eg, humber of logins, page
views, time online) is frequently evaluated as the dominant
mediator of outcomes associated with eHealth interventions
[32]. Our data indicate that portal users are highly

http://www.jmir.org/2015/2/e42/
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heterogeneous. Amount of use captures one of a number of
dimensions of effective or meaningful use. User phenotypes
may capture unigque combinations of known and latent reasons
for how eHealth is used because patients appear to exhibit
distinct patterns of use. These patterns of use (reflected in the
groups identified in Table 5) are characterized not solely by
“high” or “low” use, but by variability in the frequency,
consistency, and intensity of use over time, as well as by the
specific features or functions that they tend to use repeatedly
over time. By identifying distinct usage patterns, our typology
may offer atool for articulating more robust hypotheses about
why patients use eHedth tools (eg, portals, PHRs) and,
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therefore, the types of outcomes that may be relevant. For
example, there is a conceptual rationale for examining the
relationship between portal use and clinical outcomes (eg,
HbA1c) for “lab trackers’. Patients who monitor their HbAlc
may be more likely to reach their clinical goal. However, a
similar rationale may not be valid for “ appointment preparers’
because thereis not a clear rationale for expecting that the way
they use the porta (to prepare for an appointment) islikely to
directly influence a clinical outcome such as HbA1c. We note
that the groups identified in Table 5 are characterized by the
portal features they tend to use (or not use) over time, but use
of functions within an identified group is not exclusive (eg,
patients in the “lab tracker” group are also likely to use the
secure messaging function even if their overall pattern of use
is different from the “secure messengers’). As portals become
more prevalent, payers and providers will be concerned about
the value provided by these technologies. Value can be defined
based on improvementsin patient outcomes, patient satisfaction,
market share, or as a combination of measures such as
return-on-investment. To establish the relationship between
value-focused outcomes and portal use, we need to first
understand and design measures that account for, or are the
result of, the different patterns of use we have identified. Our
results should also inform the development of patient-specific
measures of meaningful use[33].

Our results indicate that there appear to be naturally occurring
groups of portal usersin aprimary care patient population. We
expected that frequency and intensity of portal use could serve
asfactors that discriminate various types of eHealth users, and
thisis partially supported by the data. In addition, several other
distinguishing features of usersare apparent; for example, proxy
users represent a distinct group, as do users who focus on
administrative versus care-related functions. Our findings are
limited by both our patient selection criteriaand by the current
structure and features of the institution’s portal. However, our
results offer apotential guideto areaswhere portal redesign can
foster greater patient engagement and use. Moreover, our data
indicate that the “if you build it, they will come”’ assumption
so often associated with HIT may be a false hope, at least for
the types of patients studied. Notably, approximately one-third
of patients registered to use the portal never actually accessed
it during the course of the study period. Even among “active
users’, whom we defined as having at least 2 portal sessions
during the study period, more than 65% were relatively
infrequent and inconsistent in their use of the portal. Polls have
consistently found that patients want the ability to use online
tools to schedule appointments, communicate with their
physician, receive their 1ab results, and have accessto an EHR
[3,34]. More than 50% of respondentsin one poll said the ability
to engage in such online activities would affect their choice of
a physician [2]. While the demand appears to exist for
Internet-based tools such as a portal, the form and types of
interactions allowed by the current generation of tools may not
yet be well defined or developed. Moreover, relatively few
patients have access to these tools, and even among those who
do have access, our data suggest that there remains an
opportunity to develop features that foster more substantial
engagement.
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Our typology offersinsight into potential enhancementsto better
engage, support, and guide patientsin health-related activities.
We next consider the distinguishing usage features and patterns
of each type of eHealth user and identify the enhanced functions
and features that are relevant to each group’s specific usage
patterns.

The * appointment preparers’ present an opportunity to engage
these patients in potentialy beneficial activities prior to their
visit. For example, these users can, viathe portal, be invited to
complete electronic versions of data collection instruments (eg,
administrative forms, patient-reported outcomes) that, if
collected at all, are usually administered by paper during the
officevisit. Engaging patients prior to the visit hasthe potential
to reduce costs by streamlining clinic workflows and to improve
quality as additional data relevant to patient care are made
available to the physician at the time of the office visit [35].
Similarly, “lab trackers’ have apattern that presents alow-cost,
efficient opportunity to improve quality of care by engaging
patientsin self-management behaviors at atime when the patient
has, by virtue of their decision to accesstheir lab data, indicated
an interest in their own hesalth.

“Proxy moms” have the highest proportion of individuals with
diabetes. Given their relatively young age, it islikely that these
users have a dua role, managing their own chronic condition,
and as indicated by their use of the proxy function, the care of
achild or elderly parent. These users appear to be motivated to
usethe portal by their role asacaregiver and additional features
relevant to thisrole may enhance engagement and offer ameans
for more virtual encounters, including joint virtual encounters
where both the patient and the caregiver can participate from
separate locations.

The secure messaging function was used by patients in all
clusters. However, the “electronic messenger” cluster,
characterized by the highest use of thisfunction, wasrelatively
small (9.26%, 209/2258). Thiswas surprising given survey data
showing strong interest in this feature. Evidence is mixed on
portal-based and/or a standalone (ie, without access to medical
record data) secure messaging tools, with one randomized
controlled study [36] finding no reduction in telephone calls,
versus another study finding areduction in office visits but not
in the number of telephone cals to the clinic [37].
Non-randomized studies evaluating the relationship between
portal use (including secure messaging) and measures of
utilization have shown arange of results, including areduction
in telephone calls [38], an increased use of clinical services
[39], an absence of any significant change in face-to-face visits
[40], increases in utilization of specialty and emergency
department visits among diabetic patients [41], and increases
in in-person and telephone clinical services [42]. Our data
suggest that the lack of a clear relationship between portal use
and calls/visit isnot surprising because the messaging function
isheavily used by only asmall subset of patients. Earlier studies
may fail to show an effect because the messaging function is
either not targeted to appropriate user types, the targeted user
base is too smal to show an effect, or the function is not
designed with other featuresthat can increase interest in the use
of virtual rather than in-person encounters.
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In this study, we chose patients as the unit of analysis. The
clustering algorithm identifies groups of similar patients based
largely on the “bundle” of different portal functions they use
over the course of the study period. Individual patientsin one
typological group, however, are likely to engage in behaviors
associated with other typological groups (eg, |ab trackers may
also use secure messaging). An alternative approach that should
be considered for future research is to consider “sessions’ as
the unit of analysis. In this case, the clustering algorithm will
identify whether there are distinct types of sessions (as opposed
to patients) characterized by the use of certain portal functions
alone or in combination (eg, secure messages and laboratory
results review), and patients can be described on the basis of
the types of sessions that they use over time, which may be
associated with the need for clinical services, disease severity,
demographic characteristics, and other factors.

Although beyond the scope of this study, it is possible to
determine which patient characteristics predict a patient’s
eHealth user type. Such predictive capabilities will allow
organizations to develop targeted approaches to engaging
different segments of their population with messages and
incentives that can motivate eHealth adoption and use. It may
also spur the development of new types of technologies. Many
of the currently installed portals function primarily as a
read-only view of the data in an individua’s medical record.
Although we have described the potential to improve outcomes
through a better understanding of the way patients use portals,
many of the advanceswe outlined (eg, using the portal to collect
pre-visit data from “appointment preparers’) require
functionality not availablein the current generation of deployed
portals.

Limitations

This study is subject to several limitations. We have specul ated
about the relationship between portal use, cluster types, and
outcomes, however, conducting a detailed assessment of
outcomes and the relationship to our typology was beyond the
scope of this study. Data from this study were collected from
2005-2006. Although Geisinger’s portal has changed relatively
littlein termsof the overall corefunctionality offered to patients
(eg, secure messaging, laboratory results), we believe that over
the past 7 years patients have likely become more familiar and
comfortable with eHealth tools like the portal. It is likely that
thisfamiliarity would, if we re-ran the analysis using datafrom
2012-2013, change the frequency and consistency with which
patients use the portal. Because our typology is based both on
the features used and how they are used over time, it ispossible
that Cluster 1 (“eDabblers’), which isdefined by relatively low
use, would be smaller, although it is hard to know if/how these
users would be distributed among the other clusters. Although
the dataare older, Geisinger was an early adopter of the patient
portal and we believe that the results are relevant to the many
health care systemsthat are implementing EHRs and portalsin
response to meaningful use incentives.

Our analysis focused on use of MyGeisinger, and our data
sources did not include other measures of non-portal patient
activity such as office visits, telephone calls, or hospital
admissions. This limitation precludes the ability to explore the
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relationship between portal use and “real-world” office or
telephone utilization. We also focused only on patients with
chronic disease because we expected that they would have
reasonable cause to use the portal repeatedly over time. Our
typology cannot be reliably extrapolated to patients without
chronic disease because the motivation to use the portal and
utility of specific functions is likely to be different from
chronically ill patients.

In our study, there are unmeasured provider behaviors (eg,
quality and timeliness of provider and staff responsesto secure
messages), clinic-level behaviors (eg, scheduling and phone
practices), and system-wide activities (eg, broadcast and/or
targeted preventive care reminders sent to patients) that may
have impacted whether and how often patients use the portal.
In subsequent analyses, it will be important to incorporate
measures of these behaviors and assesstheir impact on the size,
number, and nature of user types identified by our method.
Although the portal functions we analyzed are typical of many
portals, our typology will need to be updated as current
generation portal s evolveto provide new and/or more advanced
functions. We were limited in our ability to fully characterize
cluster members using demographic and EHR data. Notably,
like Rablin et a, we did not find evidence of an age disparity
in terms of portal use by older patients; more than one-third of
portal users (Table 2) were 65 years or older [43]. Some of the
naturally occurring variability in portal use may be due to
differences in disease severity or physician practice, and these
factors should be explored in subsequent studies. To validate
our findings, we used a method similar to Coste et a in which
we re-ran the analysis on 10 random subsamples of the entire
population [44]. We a so re-ran the analysis using a partitioning
cluster algorithm (k-means), which should replicate the results
of the hierarchical approach if the hierarchical approach
accurately identified the structure of the underlying data. Both
validation approaches yielded acceptable results. However, we
consider our resultsto be apreliminary typology that will likely
be refined by similar research using different populations and
different types of portals. Regardless of whether our typology
is replicated in different populations, our results suggest that
Web server log files can serve as a valuable secondary data
source for eHealth services research.

The method we have described can be applied more broadly to
studies of other types of eHealth technologies. For example,
the “lifelong personal health record” described by Barbarito et
al, as well as other personal health record systems, may have
novel usage patterns because data are owned by the patient
rather than a specific health care system (asare many of today’s
portals) and the potential for alongitudinal, provider-agnostic
view may present new use cases from the patient’s perspective
[45].

Conclusion

Our preliminary typology offersaguideto developing additional
features and functionalities that can support patients in their
meaningful use of online health-related tools. By identifying
distinct patterns of usethat may belinked to relevant outcomes,
our typology can form a framework around which to design
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future research focused on the next generation of burgeoning eHealth technologies.
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Abstract

Background: About 30% of people over 65 are subject to at least one unintentional fall ayear. Fall prevention protocols and
interventions can decrease the number of falls. To be effective, a prevention strategy requires a prior step to evaluate the fall risk
of the subjects. Despite extensive research, existing assessment tools for fall risk have been insufficient for predicting falls.

Objective: Thegoa of thisstudy isto present anovel web-based fall-risk assessment tool (FRAT-up) and to evaluateits accuracy
in predicting falls, within a context of community-dwelling persons aged 65 and up.

Methods: FRAT-up is based on the assumption that a subject’s fall risk is given by the contribution of their exposure to each
of the known fall-risk factors. Many scientific studies have investigated the relationship between falls and risk factors. The
majority of these studies adopted statistical approaches, usually providing quantitative information such as odds ratios. FRAT-up
exploits these numerical results to compute how each single factor contributes to the overall fall risk. FRAT-up is based on a
formal ontology that enlists a number of known risk factors, together with quantitative findings in terms of odds ratios. From
such information, an automatic algorithm generates a rule-based probabilistic logic program, that is, a set of rules for each risk
factor. The rule-based program takes the health profile of the subject (in terms of exposure to the risk factors) and computes the
fall risk. A Web-based interface allows users to input health profiles and to visualize the risk assessment for the given subject.
FRAT-up has been evaluated on the INCHIANTI Study dataset, a representative population-based study of older persons living
in the Chianti area (Tuscany, Italy). We compared reported falls with predicted ones and computed performance indicators.

Results: The obtained area under curve of the receiver operating characteristic was 0.642 (95% Cl 0.614-0.669), while the Brier
score was 0.174. The Hosmer-Lemeshow test indicated statistical significance of miscalibration.

Conclusions: FRAT-upisaweb-based tool for evaluating thefall risk of people aged 65 or up living in the community. Validation
results of fall risks computed by FRAT-up show that its performance is comparable to externally validated state-of-the-art tools.
A prototypeis freely available through a web-based interface.

Trial Registration: ClinicalTrials.gov NCT01331512 (The InChianti Follow-Up Study);
http://clinicaltrial s.gov/show/NCT01331512 (Archived by WebCite at http://www.webcitation.org/6UDrrRuaR).

(J Med Internet Res 2015;17(2):e41) doi:10.2196/jmir.4064
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Introduction

Background

About 30% of community-dwelling people aged 65 or more
experience at least one unintentional fall a year [1], and the
annual fall rate in this cohort is about 0.65 falls per person [2].
Falls can result in injuries and are a leading cause of activity
restriction, hospitalization, and disability [3,4]. Falling is the
tenth leading cause of global yearslived with disability (YLD).
Worldwide, it accountsfor about 20 million YLD [5] and atotal
of 35 million disability-adjusted lifeyears[6]. Itsburdeniseven
more pronounced in countrieswith an older population; in Italy
it is estimated to be the third leading cause of YLD [7].

Many preventive strategies have been proposed, and some of
them have been shown to be effective [8-10]. Their
implementation, however, has been slow and the coverage in
Europeisinsufficient [11-13]. Theindividual and societal costs
of these interventions are often among the factors that hinder
their implementation. In order to make use of available resources
and intervene only with subjects at increased risk, medical
associations and national health authorities recommend the
adoption of fall-risk assessment tools [14-17].

Existing Tools

Reviews of fall-risk assessment tools and their accuracy are
available in the literature [18-23]. Among the most used and
validated tools are the Timed Up and Go Test (TUG), the
Performance Oriented Mobility Assessment (POMA), and the
Physiological Profile Assessment (PPA) [24]. Despite extensive
research, existing assessment tools for fall risk have been
insufficient for predicting falls [23,25-28].

Existing Knowledge and Ontologies

Animpressive number of scientific publications haveidentified
statistical correlation between the exposure to risk factors and
the risk of faling, in terms of odds ratios. Moreover, several
reviews and meta-analyses are available, thus providing asolid
scientific base about fall-risk factors[29-35].

In our Fall-Risk Assessment Tool (FRAT-up), we faced the
issue of representing the information available from scientific
literature in a structured manner. In computer science, an
ontology is a formal, explicit specification of a shared
conceptualization [36]; ontologies are widely used in artificial
intelligence, the semantic Web, and biomedical informatics as
aform of knowledge representation. Formal approaches, like
ontologies and the semantic Web, are important instruments
also in epidemiology research [37].

Aims of the Study

The goal of FRAT-up is to provide a tool for the fall-risk
assessment of subjects aged 65 or up and living in acommunity
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dwelling. The tool is mainly intended for two different health
professional roles: (1) general practitioners (GPs) delivering
primary care provisions, with no specific knowledge about falls,
who need an assessment tool for evaluating subjects’ fall risk
and possible early interventions, and (2) professionalsinvolved
infall prevention and treatment, who need atool for constantly
assessing thefall risk in areliable and quantitative manner. We
identified the following requirements: (1) the assessment tool
should identify peopleat high risk of falling, (2) thetool should
exploit existing knowledge about fall-risk factors, (3) the tool
should be sufficiently flexible to alow the use of different
clinical tests for the estimate of each risk factor, and (4) the
assessment tool should be robust with respect to the
unavailability of complete information about the subject.

FRAT-up has been devel oped within the FARSEEING Project
[38], and it aims to meet al the requirements listed above.

Methods

Overview

The FRAT-up fundamental hypothesis is to consider the fall
risk asbeing directly related to the subject’s exposure to known
risk factors. Thus, the starting point is the scientific literature
that lists risk factors, together with quantitative information on
their association with falls (usualy in terms of odds ratios).
However, such literature does not provide any structured
definition of risk factors and related information. Hence, the
first building block of the FRAT-up approach consists of a
formal ontology listing risk factors and related data.

Once quantitative information is available through the FRAT-up
risk factor ontology, we need to decide how (the exposure to)
each risk factor contributes to the overall risk. Our approach is
based on probabilities, while epidemiological studies on risk
factors usually provide information in terms of odds ratios.
Hence, the second building block is a mathematical
transformation from odds ratios to probabilities under a few
assumptions, as explained further in this section.

The third building block of FRAT-up isa Logic Programming
with Annotated Disjunctions (LPAD) program that allows
representation of the contribution of each risk factor in terms
of probabilistic rules and probabilistic reasoning.

A Formal Ontology for Fall-Risk Factors

In FRAT-up, afall-risk factor ontol ogy has been defined, taking
into account several domains. For example, the classification
of risk factors by reversibility (surely reversible, subject specific
reversible, or irreversible) and setting (community dwelling,
acute care, etc) is shown in Figure 1.
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Figure 1. Classification of risk factors by kind, reversibility, and setting. While the INCHIANTI dataset is about community dwellings, the ontology

covers other settings, too.
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Within the ontology, risk factors are distinguished as
dichotomous, scalar, and synergy factors. Dichotomous risk
factors indicate whether a risky condition is present or not,
without taking into account its severity. Scalar risk factors also
indicate the magnitude of the subject’s exposure to the risky
condition. Since synergism between risk factorsiswell known
[39], synergy factors makeit explicit if two or morerisk factors,
dueto their simultaneous presence, determine a higher risk than
if present alone.

The set of risk factors we include in the ontology comes from
awell-established meta-analysis on known risk factorsfor falls

http://www.jmir.org/2015/2/e41/
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in community-dwelling older people by Deandreaet a [29] (see
Table 1).

The ontology also includes the odds ratio for each risk factor,
taken from Deandreaet al [29]. Moreover, weintroduced in the
ontology a clear distinction between a risk factor and the
corresponding estimators. An estimator is a method to assess
the presence and, when necessary, the severity of arisk factor
(possibly in combination with other estimators).

Additional data contained in the ontology are the risk factors
prevalence and procedures to map estimators into factors.
Complete information, including sources for quantitative data,
isreported in Multimedia Appendix 1.
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Table 1. Risk factor names and types.

Cattelani et al

Name Type

age scalar
cognition impairment dichotomous
depression dichotomous
diabetes dichotomous
comorbidity synergy

dizziness and vertigo
fear of falling

female sex

gait problems

hearing impairment
history of falls

history of stroke
instrumental disability
living alone

number of medications
pain

parkinson

physical activity limitation
physical disability

poor self-perceived health status
rheumatic disease
urinary incontinence
use of antiepileptics
use of antihypertensives
use of sedatives

vision impairment

walking aid use

dichotomous
dichotomous
dichotomous
dichotomous
dichotomous
dichotomous
dichotomous
dichotomous
dichotomous
scalar

dichotomous
dichotomous
dichotomous
dichotomous
dichotomous
dichotomous
dichotomous
dichotomous
dichotomous
dichotomous
dichotomous

dichotomous

From Odds Ratiosto Probabilities

Overview

The FRAT-up risk-assessment algorithm is based on probability
contributionsfrom singlerisk factors. In the following, we show
how we extract probabilities from odds ratios by means of a
few mathematical steps.

Initially, we assume that each risk factor is dichotomous; we
explain this further in the section on how to generalize to cases
with scalar and synergy risk factors. Let E, E;,..., E,ben+1

dichotomous random variableswith valuesin{ 0;1} , and E=(E,,

E,,..., E,). We say that thei" risk factor is present if E=1. Let
dy, dp,..., d, be n + 1 events. We assume the following
conditional independence relations:

Equation1: d, |E Od, E Oj #i

http://www.jmir.org/2015/2/e41/

We call d; afall event specific to risk factor E;. Assumptions
from Equation 1 can be phrased saying that risk factor—specific
falls are mutually independent conditional on their associated
risk factor. We define the event d as the union of the
factor-specific events, d;'s (Figure 2). That is, d is verified if at
least one of the d;'siis verified. Thisisan assumption of causal
independence where the “causes’, E,, E,..., E, contribute
independently to the probability of the effect d; for acomplete
formal definition see [40]. In our case study, d is the presence
of at least onefall event during agiven time span (if thereisno
fall, itisnot verified), while E isan observation of therisk factor
exposures of a subject before the time span.

The conditional probability of d given E can then be calculated
asinFigure 3, by DeMorgan lawsand assumptionsin Equation
1. This function models the probability of an event given a set
of possible causes and is known as noisy-OR gate [41] (in this
case ORrefersto thelogical operator). We make the assumption
in Figure 4. C; is a quantity yet to determine. C; is the
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contribution to the probability of the effect d given by the
exposure to the risk factor E;. A method to assign values to the

contributions C; is introduced in the following. Using the

equation in Figure 4, the equation in Figure 3 becomes the one
depicted in Figure 5. Since we want to model a minimum
probability of the adverse event that is applied even in the
absence of any observation-specific exposures, we assign
P(Eg=1)=1. Cyistherisk that is present in this case. To assign
values to the contributions of the exposures, we start from the

Figure 2. Definition of fall event.

Figure 3. Probability to fall from risk factor specific probabilities.

P(d|E)=P(gdi|E)=
1HP(d_E)
i

-1-P

Assumption (a)
We assume that OR may be approximated as in Figure 7.

Informally, Assumption (a) states that the odds ratio computed
on the whole population is similar to the odds ratio computed
restricting the population to subjects having a most one
exposure. This assumption is obviously true in models where
each subject has at most one exposure; otherwise there is a

Figure 4. Probability of factor specific fall event given exposure.
P(d,|E,)

Figure5. Probability to fall given exposures and contributions.

0

Ci
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OR. The OR relative to risk factor E;, withi=1,..., n, isdefined
asin Figure 6. Note that the condition Eg=1 is always true and
is highlighted above just for convenience.

Thereisno singleway of trandating oddsratiosto probabilities,
since an exact function would require more information than
what is conveyed by the odds ratios alone, so some assumptions
are needed. We present a possible set of assumptions that leads
to a univocal way of computing exposure contributions.

1-P Lnjdi|E - (a)
- (b)
(©)

()

difference in the two values. This has not been quantified yet;
the quality of the approximation will be experimentally
compared with other methods as a future devel opment.

Given the assumptionsin Equation 1 and Figure 4, the derivation
depicted in Figure 8 follows. Substituting the equationin Figure
8 in the equation in Figure 7 and solving for C;, we finaly get
the equation depicted in Figure 9. We substitute it in the
equation in Figure 5, with aresult that is depicted in Figure 10.

if E =0
if E-=1

P(d|E)=1—]j(1—EiCi)

Figure 6. Odds ratio definition.

P(d|E,=1,E,=1) 1-P(d|E,=1E, =0)

OR. =
" 1-P(d|E,=1,E,=1) P(d|E,=1E,=0)
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Figure 7. Approximated odds ratio.
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R - P(d|E,=1E =1LE,,,=0) 1-c,
' 1-P(d|E,=LE =1E,,, =0) G,
Figure 8. Probability to fall with exposure to exactly 1 risk factor.
P(d|E,=LE=1E , =0)= (@)
=P(d0vdi|E0=l,Ei=1,Ej=0’i=0)= (b)
P(d,|E,=1)+P(d,|E,=1)-P(d,|E,=1)P(d,|E,=1)= (c)
C,+C.-CC, ()

Figure 9. Contribution to fall probability from exposure to a single risk factor given odds ratio.

OR. -1
C,=Cj———L1——
1-C, +C,0R,
Figure 10. Probability to fall from risk factor odds ratios.
& OR -1
P|d|E)=1-(1-C 1-EC ———
(412)=1~( 0)1_1[ "°1-C,+C,O0R

Assumption (b)
We assume to know C,, which was calculated by leaving it as
afree parameter and then learning it with an equation-solving

algorithm. In particul ar, we used the bisection method, imposing
the reported number of total falls from [1].

This model requires that we know for every risk factor if it is
present or not. In the following section, we present the way
FRAT-up deals with missing values.

For a general reference on how to get relative risk from odds
ratio and the incidence of the outcome of interest in the
unexposed group, see [42].

LPAD Structure and Handling of Unknown Exposures,
and Scalar and Synergy Risk Factors

LPADs arelogic programs [43] where the head of aclauseisa
digunction of annotated atoms. The clauses are of the form:

hyi:pv...vhypy,« bO...0Ob,0cO0...0¢q

where hy,..., h, are the atoms, and py,..., p, ae the
probabilities related to each digunct. Each atom h; has
probability p; if the body istrue, and the atom does not appear
in the head of any other clause. When it does, the intended
semantics are the distribution semantics as in [44], with the
bodies contributing independently to the probability of the atom
[40Q]. The probabilities py,..., p, should sum up to 1, with an
implicit “null” atom when the explicit probabilities sum up to
lessthan 1.

Roughly speaking, for each clause containing a disunction in
its head, different instances are generated, each containing the
clause with exactly one disjunct. The probability of a query

http://www.jmir.org/2015/2/e41/

would be given by the sum of al the probabilities of the
instances whose models contain it.

We adopt the syntax of the cplint [45] implementation. Note
that the disunction in the head of clausesisindicated with the
symbol “;”, while the conjunction isindicated asusual in Prolog
with “,”. The equation in Figure 5 can be easily implemented
with LPAD rules (Code 1 LPAD template with computed fall
probability contributions):

fall(X) : 0.
fall(X) : c1 :- el(X).
fall(X) : c2 :- e2(X).

Where c0=C,, cl1= C;, e1(X)= (E;=1), c2= C,, e2(X)= (E,=1)

The assessment tool should provide reliable information even
when part of the subject’s datais missing. Missing values may
arise when atest has not been (or cannot be) performed or the
involved clinical professional does not consider its outcome
decisive and reliable. In these cases, we have used the
prevalence of therisk factors extending Code 1 asfollows:

fal(X) : cO.

el(X) : pl:- ul(X).
fal(X) : c1 :- el(X).
€2(X) : p2 :- u2(X).
fal(X) : c2 :- e2(X).
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where ul(X), u2(X)... is true when the existence of the factor
1, 2... for subject X is not determined.

A scalar factor, with exposure levels from 0 (no exposure) to
m (maximum exposure), isimplemented similarly to aset of m
dichotomous factors, one for each exposure level starting from
level 1. The LPAD rulerelated to level kfiresif the scalar risk
factor has alevel of k or higher.

Positive synergies (eg, comorbidities) between risk factors are
well documented in the scientific literature. Since this would
violate the causal independence assumption made before, we
adjusted the model, following the Deandreameta-analysis[29],
introducing synergy factors.

A synergy factor, representing the potential synergies between
Sdichotomousrisk factors, isimplemented similarly to ascalar
risk factor having a maximum possible level of S- 1 where,
having a number of exposures equal to g, with0 < q < S the

Figure11. Stepsin generating the LPAD rules.
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level isOif g=0v g=1and isq - 1 otherwise. So the risk starts
increasing when thereisasynergy between at |east two factors.

Automatic Generation of the LPAD

The methodology that leadsfrom risk factor oddsratioto LPAD
rules is fully automatized. A working prototype has been
produced and tested in the Java programming language (version
1.7); it may read risk factor odds ratios from an ontology or
another source and outputs an LPAD program directly usable
for risk assessment.

Synthetically (see Figure 11), risk factors data complete with
oddsratio are read from an ontology or other data source; adata
structure containing oddsratiosis created and then transformed
(by means of the equation in Figure 9) in another containing
probability values. Finally LPAD rulesare compiled: theserules
are applied to a subject to give their probability of falling in a
given time span.

Ontology

containing

Data

ORs

@ Wrapper @

ORs

representation

<{}> Mathematical function

Probabilities
representation

<} Compilation

LPAD rules

Dataset and Validation Procedure

FRAT-up discriminative performance and calibration have been
tested onthe INCHIANT!I dataset (NCT01331512), where 1453
persons have been initially enrolled (1150 subjects aged 65 or
more) and have undergone four consecutive visits globally
covering a 9-year follow-up. It is a population-based
epidemiologic study conducted in the Chianti region of Italy in
two sites. Greve in Chianti (Area 1; 11,709 inhabitants; >65
years. 19.3%) and Bagno a Ripali (Village of Antella, Area 2,
4704 inhabitants; >65 years. 20.3%). This study investigates
age-related decline in mobility [46].

The INCHIANTI study started in September 1998 with the
baseline assessment (first wave), which was completed in March
2000. Every 3 years, a follow-up assessment was performed.

http://www.jmir.org/2015/2/e41/

So, 3-year and 6-year follow-up assessments were performed
respectively in 2001-2003 and 2004-2006 (second and third
wave). A 9-year follow-up was then performed in 2007-2009
(fourth wave). The fifth wave is now ongoing.

At each wave, subjects were asked about the occurrence of any
fall in the previous 12 months. In addition, clinical evaluation
of the subjects was performed to collect information on fall-risk
factors (other clinical variables were also collected, which are
not of interest for this work [46]).

Our study used the information about risk factors from thefirst
three waves, considering only subjects aged 65 or up. By doing
S0, we obtained 2319 samples from 977 subjects (every subject
can have up to three samples).
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At each wave, the risk factors of each subject were used
prospectively to calculate their risk of falling at the subsegquent
wave (eg, therisk factorsfrom the clinical evaluation at baseline
were used to calculate the future risk of falling, which was
compared with the recorded information on the occurrence of
any fallsin the 12 months before follow-up 1, and so on).

The estimators present in the INCHIANTI dataset and the
algorithms to derive the risk factors from them are listed in
Multimedia Appendix 1.

The discriminative ability and calibration of FRAT-up were
validated by means of receiver operating characteristic (ROC)
curve, area under the ROC curve (AUC), Brier score, and the

Figure 12. ROC curve obtained on the INCHIANTI dataset.

Cattelani et al

Hosmer-Lemeshow test [47]. Since FRAT-up requires no
training of the algorithm based on the available data, these
metrics were computed by using al the available data as the
test set.

Results

The ROC curve can be seen in Figure 12; the AUC value is
0.642 (95% CI 0.614-0.669). The Hosmer-Lemeshow test
produces a very low P value (<.001) indicating statistical
significance of miscalibration. As shown by the calibration plot
in Figure 13, this miscalibration is due to risk overestimation
that is consistent over therisk strata. The Brier scoreis 0.174.
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Figure 13. Calibration plot; sample (N=2319) used for validation where divided in 10 deciles, according to their predicted risk. For each decile, the
mean predicted risk and the observed proportion of positive cases (proportion of fallers) are shown on the X and Y axes, respectively. Bars indicate

95% confidence intervals.
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Discussion

Principal Findings

The ability to discriminate between subjects who fall and
subjectswho do not fall, as operationalized by the AUC (0.642),
comparesfavorably with other commonly used screening tools:
arecent meta-analysis has estimated that the AUC of the TUG
is between 0.54 and 0.59 [28], while the POM A-balance (also
known as Tinetti balance scale) has AUC around 0.56 [23].
Since at each wave of the study, each subject was asked whether
they had fallen in the last 12 months and the waves were about
3 years apart, this means we evaluated a prediction for an event
that materializes between about 24 and 36 months after the
assessment of the risk factors. Had the information about falls
been available for the year just after the assessment, the results
would likely have been better. Additionally, it is worth noting
that the INCHIANTI dataset was not specifically designed to
investigate fall risk. Because of these limitations, validation on
other datasets would be desirable.

FRAT-up overestimates the fall risk. Since this overestimation,
as shown in Figure 13, is consistent across deciles, the

http://www.jmir.org/2015/2/e41/

miscalibration is of less concern. The main reason behind this
overestimation could be that the incidence of falls from [1]
(31% subjects fallen at least once in a year), which was used
for calculating theterm C,, is higher than the observed incidence
of fallsin the INCHIANTI population (22%). A possible way
to reduce overestimation would be multiplying the output by a
constant, but we did not exploit this kind of learning on the
dataset.

FRAT-up does exploit existing knowledge as it was built only
from information derived from the literature, which was
systematized in a metaanalysis. By doing so, it avoids
overfitting and overoptimism, problems well known to affect
predictive models [48].

Although the validation on the INCHIANTI dataset is based on
a specific set of estimators, the architecture allows for the use
of different estimators. The results of the validation have been
obtained from the INCHIANTI dataset, where the percentage
of missing values ranges from 0% on some variables (eg, sex
and age) to 17% on vision impairment.

The interactive prototype of the FRAT-up algorithm is freely
available online [49]. Itsinterface is depicted in Figure 14.
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Figure 14. Screenshot of the Web-based interface.
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COOPERATION

FRAT-up
Fall Risk Assessment Tool

Home Run an assessment

Info - Login

Current risk of the subject: Unknown

Health profile of the subject:

History of previous falls? @ Yes No
Does the subject use sedatives? Yes (= No
Does the subject live alone? Yes
Is the subject female?

Does the subject suffer rheumatic

Use prevalence
Use prevalence
@ No Use prevalence

@ Yes No Use prevalence

dissase? Yes @ No Use prevalence
Does the subject use antihypertensives? Yes @ No Use prevalence
Urinary incentinence last year? Yes @ No Use prevalence

Fear of falling (Deshpande)? @® Yes No Use prevalence

Does the subject suffer Parkinson? Yes @ No Use prevalence
History of previous strokes? Yes (@ No Use prevalence
Diabetes blood glucose 1267 Yes (= No Use prevalence
Dizziness or unsteadiness last year? @ Yes No Use prevalence

Does the subject use antiepileptics? Yes & No
@ No

@® Yes No

Use prevalence
Use prevalence
Use prevalence

Does the subject use a walking aid? Yes
Does the subject suffer any pain?

Run the assessment!

Limitations and Future Developments of FRAT-up
FRAT-up is based on the simplifying assumption that the risk
factors contribute independently to the probability of falling.
Following Deandrea et a [29] and to partialy relax this
assumption, we introduced the synergy factors in the methods
section. However, different approaches may be investigated.

Our method showed robustness with respect to the missing
values present in the INCHIANTI dataset. However, the extent
to which the presence of missing valuesimpactsthe performance
should be further investigated. In the future, FRAT-up will be
tested on other datasets of different populations, possibly with
different estimators for the risk factors, and compared with
aternative risk assessment tools. Additionally, considering
confidence intervals of the odds ratios could allow us in the
future to assess the uncertainty associated with the fall-risk
estimation.

Risk factors not reported in the meta-review by Deandrea et a
[29] (such asrare risk factors) are not considered. Also, other
infformation  sources like experts  opinion  and
admini strative/demographic dataare currently ignored. Ongoing
work is devoted to extend the risk factor ontology with this
additional information. The evaluation of the tool should go
beyond statistical assessment alone. Usability and usefulness,
which are increasingly acknowledged as important in the
literature of prognostic models [50], will hence be eval uated.

http://www.jmir.org/2015/2/e41/

RenderX

Contrast sensitivity?: # Use prevalence

CESD: @ Use prevalence

Number of drugs used by the subject: 2 Usa prevalence

Revised Walking Subscore: © Use prevalence

Hearing impairment?: © Use prevalence

How does the subject feel: 4 Use prevalence
Age: 71 Use prevalence
Number of ADL disabilities (0-6): [4] Use prevalence

physical activity level: @ Use prevalence

Visual acuity (3 meter): 8 Use prevalence

MMSE score: ™ Use prevalence

Visual stereognosis: ™ Use prevalence

Subject’s number of IADL: @ Use prevalence

Within the framework of afall-prevention strategy, information
would be useful on the indication of the modifiablerisk factors
of a specific subject and their quantitative impact on their risk.
Practically, we foresee integration of the tool within electronic
medical records, tools of general practitioners, as well as its
adoption in public health bodiesfor population-wide evaluation.

The versatility of the presented solution will allow combining
clinical information (that was used in this study) with other
sources of data such as ambient sensor information or wearable
sensors recording unsupervised long-term physical activity
and/or quantitatively evaluating supervised or unsupervised
physical performance by instrumented motor assessment
[51-55].

An interesting extension of FRAT-up would be to implement
it as an app for “smart” devices such as smartphones. The tool
might be fed with rich sensor-based information and could be
extended to provide “real-time” risk evaluation based on the
subject’s current physical activity. Although from the technical
viewpoint, such an extension would be easy and straightforward,
using smartphone sensor data (in thefall-risk estimation) isstill
an open research issue.

Finally, since FRAT-up is based on a general methodology, it
may be extended/applied in different ways, such as estimating
fall risksin different settings (eg, acute care or nursing homes).
Another extension would be to estimate outcomes other than
falling, such as stroke risk, and more generally, estimate any
risks directly related to the presence/absence of risk factors.
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Abstract

Background: The rapid increase in the number of patients with diverse ethnic backgrounds and previous exposure to severe
mental trauma dictates the need for improvement in the quality of transcultural psychiatric health care through the development
of relevant and effective training tools.

Objective: Thisstudy aimed to evaluate the impact of training with avirtual patient on the learner’s knowledge of posttraumatic
stress disorder symptoms, clinical management, and basic communication skills.

Methods: The authors constructed an interactive educational tool based on virtual patient methodology that portrayed arefugee
with severe symptoms of posttraumatic stress disorder and depression. A total of 32 resident psychiatrists tested the tool and
completed a pre-interaction and post-interaction knowledge test, including skills, at the time and several weeks later.

Results: All of the participants (N=32) completed the pre-interaction and post-interaction test, and 26 (81%) of them completed
the online follow-up test. The mean pre-interaction score was 7.44 (male: 7.08, female: 7.65, no statistical significance). The
mean post-interaction score was 8.47, which was significantly higher (P<.001) than the pre-interaction score (mean score 7.44).
The mean score for the follow-up test several weeks later was 8.38, higher than the pre-interaction score by 0.69 points but not
statistically significant.

Conclusions:  Our results suggest that virtual patients can successfully facilitate the acquisition of core knowledge in the field
of psychiatry, in addition to developing skills such as clinical reasoning, decision making, and history taking. Repeated training
sessions with virtual patients are proposed in order to achieve sustainable educational effects.

(J Med Internet Res 2015;17(2):e46) doi:10.2196/jmir.3497

KEYWORDS
mental health; transcultural psychiatry; virtual systems; PTSD; medical informatics; education; patient simulation

including unemployment [3], mental disability such as
posttraumatic stress disorder (PTSD) and major depression
[4,5], as well as physical disability such as cardiovascular
disease [6] and metabolic syndrome [7]. Unfortunately,
trauma-related diagnoses are often missed in primary care [8].
The need for new methods of acquiring proper communication
skills is considered crucial, since most current systems

Introduction

The number of patients with diverse ethnic backgrounds (often
having been exposed to severe mental trauma) is rapidly
increasing [1,2], which highlightsthe crucial need for effective
training platforms that can provide essential knowledge and
skillsto carefor thisvulnerable group. Immigrants have higher
rates of disability than host populations: socia disability

http://www.jmir.org/2015/2/e46/ JMed Internet Res 2015 | vol. 17 | iss. 2 |e46 | p.238
(page number not for citation purposes)


mailto:ioannis.pantziaras@ki.se
http://dx.doi.org/10.2196/jmir.3497
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

incorporate theseimportant skillsinformally in clinical training
under supervision but with no direct focus on them.

Rapid technological progress during the last few decades has
enabled the development of innovative educational tools, most
often to supplement traditional medical curricula. Virtual
patients (VPs) are broadly defined as “interactive computer
simulations of real-life clinical scenarios for the purpose of
medical training, education, or assessment” [9]. They include
ahighly diversegroup of platformsthat, sincethefirst published
description in the early 1970s (10), have been developed and
studied thoroughly and shown to provide a redlistic, reliable,
safe, and consistent learning environment for enhancing various
aspects of knowledge and skills, including clinical reasoning,
clinical decision making, communication, and history taking
[10-15].

Very few studies have explored implementation of VPs by
psychiatrists[16-19], and to the best of our knowledge, no other
VP system dedicated to traumatized refugees has been described,
although virtual reality has recently been used and studied as a
means of providing exposure therapy for veterans with
combat-related PTSD [20]. Previous papers published by our
research team examined our system in terms of various aspects
of user acceptance, expectations, attitudes, and educational
potentials [21-23] and obtained promising results. This study
examined the impact of atraining session with the VP system
on core knowledge related to PTSD symptomatology and
clinical management, as well as basic communication skills.

Methods

Refugee Trauma Simulation System

We developed a VP system called Refugee Trauma Simulation
(RT-SIM) that portrays an adult Bosnian refugee (“Mrs K.")

Pantziaras et al

who presents severe symptoms of PTSD and major depression
(Figure 1). The VP is shown in video format by displaying
appropriate prerecorded sequences depending on the questions
asked by the user. The medica interview is conducted by
selecting questionsfrom alist based on suitable categories. The
user can physically examinethe VP, aswell as order |aboratory
and imaging tests (Figure 2). A preliminary assessment,
including a summary of the patient’s history, differential
diagnosis, and treatment plan is filled out by the learner upon
completion of the virtual consultation.

An individualized, automated feedback module provided by
both the VP and a virtual advisor (VA) follows. The feedback
by the VP gives the patient’s perspective of the consultation,
while the feedback by the VA focuses on more technical and
clinical aspects of PTSD diagnostic criteria, clinical
management, and basic communication skills. The feedback is
designed in accordance with the learner’s actual performance
and provides a brief and relevant theoretical background.

For example, if the learner did not sufficiently examine the
patient’s trauma history, the VA commented: “I do not think
that you sufficiently examined the patient’s trauma history by
asking enough relevant questions about traumatic events. This
isimportant in order to investigate exposure to eventsthat could
involve actual or threatened death or serious injury, or athreat
to the physical integrity of self or others. If the patient reacted
with intense fear, hel plessness, or horror during such exposure,
the first criterion for PTSD according to DSM-IV has been
fulfilled”. A more detailed description of the construction of
the feedback module was presented in a previously published
study [23].

Figure 1. Screenshot of the RT-Sim system presenting the history-taking interview module.
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Figure 2. Screenshot of the RT-Sim system presenting the laboratory and imaging module.
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Design and Evaluation Outcomes

In response to email invitations sent by the department heads
at three major university hospitals in Sweden, 32 psychiatric
residents agreed to participate in our study. The participants sat
in silent group rooms under supervision and were asked to
interact with the VP for up to 45 minutes as they would in a
real-life clinical encounter.

The pre-interaction and post-interaction outcome was a
knowledge test consisting of 11 multiple-choice questions that
were linked to thefollowing fields: diagnostic criteriaof PTSD
according to the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (DSM-1V), clinical management of
patients with PTSD, and theoretical aspects of basic
communication skills. The highest possible score for each test
was 11 (each correct answer generating 1 point). Multiple
response items, for which more than one answer was keyed as
correct, were so indicated. A follow-up test, hosted by the
Karolinska Institutet online learning management system
(Ping-Pong), was given several weeks later. All three tests
(pre-interaction, post-interaction, and follow-up) consisted of
identical multiple-choice questions, though appearing in
different orders. After completion of thetests, no feedback about
the success rate or correct answers was provided to the
participants. Explicit instructions stated that no outside help
was allowed during the follow-up online test. An advisory
opinion by the Stockholm Regional Ethical Review Board

http://www.jmir.org/2015/2/e46/

RenderX

Assessment

(2011/321-31/3) was obtained for this study, and informed
consent was obtained from all of the participants.

Statistical Analysis

Stata/IC 12.1 for Mac was used for statistical analysis of the
data. We used descriptive statisticsto analyze demographic data
and the matched-pair t test in order to estimate changes in the
scores between pre-interaction, post-interaction, and follow-up
tests. Participantswho did not complete the follow-up test were
excluded from that particular analysis. P values <.05 were
regarded as evidence of statistical significance.

Results

All of the participants (N=32; 12 males, 20 females) completed
the pre-interaction and post-interaction knowledge test.
Twenty-six (81%) of the participants completed the online
follow-up knowledge test (9 males, 17 females). The mean age
was 35.6 (female: 35.5, men: 35.9; range 28-51), while their
mean experience as psychiatric residentswas 2.3 years (female:
2.4, men: 2.1; range 0-5). No statistically significant differences
in age and work experience between mae and femae
participants were found. The mean duration of the interactive
session with the patient was 68 minutes (min: 25; max: 110).
The mean time between the interactive session with the VP and
the online follow-up test was 79 days: 78 days for men and 79
days for women (not significant, P=.78).
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Table 1. Scoreson pre-interaction (Pre), post-interaction (Post), and follow-up (FU) knowledge test, overall, and by gender.
Participants Data N Mean SD Cl t df P
All
Pre 32 7.44 031 6.8-807
Post 32 8.47 1.65 7.86-9.06
FU 26 8.38 202  757-9.20
Pre vs Post -1.03 1.33 -1.51t0-0.55 -4.38 31 <.0012
Post vs FU 0.35 174 -0.36to 1.05 101 25 .32
Prevs FU -0.69 2.29 -1.61t00.23 -1.54 25 14
Male
Pre 12 7.08 2.02 5.80-8.37
Post 12 7.92 2.02 6.63-9.2
FU 9 8 245 6.12-9.89
Pre vs Post -0.83 1.19 -1.59t0-0.08 -2.42 11 03?2
Post vs FU 0.11 2.02 -1.45t01.67 0.16 8 .87
Prevs FU -0.67 2.00 -2.20t0 0.87 -1.00 8 .35
Female
Pre 20 7.65 1.60 6.90-8.40
Post 20 8.80 1.32 8.18-9.42
FU 17 8.59 1.80 7.66-9.52
Pre vs Post -1.15 142 -1.82t0-0.48 -3.61 11 .0022
Post vs FU 0.47 1.62 -0.36t0 1.31 119 8 .25
Prevs FU -0.71 249 -1.99t0 0.58 -1.17 8 .26

Agtatistically significant.

Table 1 shows the mean scores on the pre-interaction,
post-interaction, and follow-up knowledge test, both overall
and by gender. The mean pre-interaction scorewas 7.44 (male:
7.08, female: 7.65, non significant), and the mean
post-interaction score was 8.47, demonstrating an improvement
of 1.03 points, which was highly statistically significant overall
(P<.001) and by gender (male: P=.03, female: P=.002). The
mean score on the follow-up knowledge test was 8.38, higher
than the pre-interaction score by 0.69 points, which was not
statistically significant. The follow-up score was 0.35 points
lower than the post-interaction score, which was not statistically
significant. Similar results were found when the data were
analyzed by gender.

Discussion

Principal Findings

This paper describes a VP system that was constructed as a
platform for training clinica management of traumatized
refugees and was evaluated in terms of impact on the learner’s
core knowledge of PTSD symptomatology and clinical
management, as well as basic communication skills.

To the best of our knowledge, only one published study has
previously evaluated how VPs facilitate core knowledge in the
field of psychiatry in general, finding no change in knowledge

http://www.jmir.org/2015/2/e46/

of PTSD symptoms pre-intervention and post-intervention [24].
Our results indicated a highly significant improvement on the
knowledge test immediately after the training session with the
VP The fact that our participants did not receive any feedback
about the success rate or correct answers after completion of
the tests dramatically reduces the possibility that the
improvement was due to recall rather than actual knowledge
gain. The results were better on the follow-up test than the
pre-interaction test but had declined and the improvement was
no longer statistically significant. As far as our rather small
sample alows, we can therefore conclude that a single session
with the VP is not sufficient to produce a long-term impact on
knowledge, which is consistent with previous findings that
improvements in the performance of diagnostic tasks due to
short-term training are not long-lasting [25]. We propose
research about the impact of repeated sessions over a course of
several months on the durability of acquired knowledge.

It has been suggested that VPs are not an ideal methodology
for facilitating core knowledge, given potential cognitive
overload and the fact that less interactive methods might be
more effective [26]. Based on the system described above, we
propose a VP model that combines experiential learning, as
presented by Kolb [27], through active training in a realistic
and appealing virtual environment, enhanced by short theoretical
frameworks integrated into automated feedback. Our results
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support the hypothesis that this additional element can make
VP systems valuable in the acquisition of core knowledge in
addition to developing skills such as clinical reasoning and
decision-making.

Limitations

A limitation on the generalizability of our conclusions wasthe
rather small sample of resident psychiatrists with similar work
experience and expertise. Moreover, although the pre-interaction
and post-interaction testswere conducted in astrictly controlled
environment with no accessto outside help, the possibility that
participants, despite clear instructions, obtained such help during
the follow-up test in an online, non-controlled environment
cannot be ruled out.

For this prospective study, we used a single-subject design,
whichiscommon in applied fields of education and psychology
for which subjects serve astheir own controls[28]. Thisdesign
can be effectively used to eval uate the impact of anintervention
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(such as virtual patients) that has not been widely studied and
provide an initial clue as to its effectiveness before planning
larger-scale studies with other designs and populations.
However, a limitation of this methodology is its inability to
know how acontrol group receiving another form of intervention
would perform. On the other hand, a review [26] showed that
it is difficult to make a comparison with a control group that
receives traditional forms of education, such aslectures, in this
area since clinical reasoning demands exposure to the actual
situation (as provided by clinical practice or various forms of
simulation).

Conclusion

As a next step, we intend to conduct a randomized controlled
trial that examines cognitive outcomes of using severa VP
cases, aswell asactual patient outcomes. Future studies should
also include the impact of working with the VP in pairs or
groups, either at alocal level or online.
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Abstract

Background: Electronic knowledge resources constitute an important channel for accredited Continuing Medical Education
(CME) activities. However, email usage for educational purposes is controversial. On the one hand, family physicians become
aware of new information, confirm what they aready know, and obtain reassurance by reading educational email alerts. Email
alerts can also encourage physicians to search Web-based resources. On the other hand, technical difficulties and privacy issues
are common obstacles.

Objective: The purpose of this discussion paper, informed by aliterature review and asmall qualitative study, wasto understand
family physicians' knowledge, attitudes, and behavior in regard to email in general and educational emailsin particular, and to
explore the advantages and disadvantages of educational email alerts. In addition, we documented participants suggestions to
improve email alert servicesfor CME.

Methods: We conducted a qualitative descriptive study using the “Knowledge, Attitude, Behavior” model. We conducted
semi-structured face-to-face interviews with 15 family physicians. We analyzed the collected data using inductive-deductive
thematic qualitative data analysis.

Results: All 15 participants scanned and prioritized their email, and 13 of them checked their email daily. Participants mentioned
(1) advantages of educational email alerts such as saving time, convenience and valid information, and (2) disadvantages such
as an overwhelming number of emails and irrelevance. They offered suggestions to improve educational email.

Conclusions; The advantages of email alerts seem to compensate for their disadvantages. Suggestions proposed by family
physicians can help to improve educational email alerts.

(J Med Internet Res 2015;17(2):e49) doi:10.2196/jmir.3773

KEYWORDS

theory of planned behavior; continuing medical education; educational email alerts; electronic knowledge resources; family
physicians; health informatics; knowledge trandation; primary health care

expected benefits for patient health, among other outcomes
[1,2]. They can be used for two-way knowledge trandation, a
process that involves sending evidence-based clinica

Background . . - .
i ) , . . recommendations to physicians and then receiving their
Educational email alertshavethe potential toimprovethequality  ~ongtructive feedback [3.4].

of health care services, but present some disadvantages. Email
alerts have been associated with learning, practice change, and

Introduction
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Two examples of educational email aerts are “Daily-POEMS’
(Patient-Oriented Evidence that Matters) and “Highlights from
e-Therapeuticst+” [1,3,5]. These alerts support continuing
education programs that involve more than 10,000 Canadian
physiciansand pharmacists[3]. First, Daily-POEMsaretailored
for family physicians. POEMsare synopses of original research
and systematic reviews, selected after scanning and critically
appraising new articles from more than 100 journals. Second,
Highlights are treatment recommendationstail ored for aprimary
care audience. They are based on asynthesis of research results
and systematic reviews, and graded using the Strength of
Recommendation Taxonomy System. They consist of key
updated paragraphs from a Web-based text called
e-Therapeutics+, published by the Canadian Pharmacists
Association (CPhA). Highlights have been delivered to members
of the College of Family Physicians of Canada since 2010 and
to CPhA members since 2012.

However, physicians face email-related obstacles such as
technical difficulties [3]. Privacy and security of emall
communication remain of major concern [6]. Other issues are
changes of email address or service provider [7]. In addition,
physicians complain about “email fatigue’, that is, too many
emails and lack of time[8].

Understanding physicians' knowledge, attitude, and behavior
regarding email alerts can help to address obstacles associated
with email as an educational channel. We found studies on the
use of information derived from educational emails by
physicians, but no studies on the advantages or disadvantages
of email for the delivery of educational material. Therefore, our
main objective wasto explore the viewpoint of family physicians
on advantages and disadvantages of educational email alerts.

By 2009, 80.3% of Canadians were using the Internet on a
regular basis; the main reason for Internet usage was email, with
93.0% of Canadiansusing it for email [9]. Almost all physicians
use email as do 94.7% of Canadians with a university degree
[9]. Inthe clinical setting, physicians use email to consult with
colleagues, obtain laboratory data, follow up with staff about
patient careissues, and learn about new research findings[3,10].
When used as a method of communication between physician
and patient, email can improve the doctor patient relationship,
despite privacy and security concerns [6,11]. According to the
2010 Canadian National Physician Survey, 50.1% of family
physicians email their colleagues for clinical purposes [12].
Increasingly, family physicians are using email for their

http://www.jmir.org/2015/2/e49/
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continuing education [13]. However, in areview of theliterature
guided by aspecialized librarian, we found no studies on family
physicians’ perception about positive and negative aspects of
educational emails. This justifies our exploratory work on the
family physician viewpoint.

Educational Email Alerts

We identified nine studies on physicians' use of information
from educational email aerts. Three studies globally evaluated
satisfaction and usefulness of receiving health information via
email [14-16]. In these studies, users of email aerts reported
high levels of satisfaction and perceived them to be useful for
continuing education. A fourth study evaluated the effect of
email aerts on information awareness and knowledge
acquisition [17]. While subscribers of email aertsbecame more
familiar with the recent literature, their medical knowledge was
not improved. A fifth study evaluated the effect of email alerts
on subsequent information retrieval by physicians and
demonstrated that users of email alertsare morelikely to search
for information [18]. The sixth study examined self-reported
cognitive impact of emailed synopses of recently published
clinical research, and indicated that email alerts have apositive
impact [19]. Subsequently, another study indicated that email
alertsareinfrequently retrieved after initial reading [20]. Finally,
two studies suggested that email dissemination of synopses of
systematic literature reviews [21], and of treatment
recommendations is associated with anticipated benefits for
patient health [3].

Advantages and Disadvantages of Educational Email
Alerts

While we found no studies that specifically focused on
advantages and disadvantages of emails according to health
care professionals, four studies and one literature review on
email [2,7,8,11,22] did mention this in passing (Table 1). For
example, physicians are knowledgeable and familiar with email
asaway of educating and communicating with medical students,
by sending evidence-based clinical recommendations and
individualized feedback [2]. In contrast, physicians can face
technical difficultieswhen using email, because of slow Internet
connections or software incompatibility. They complain about
receiving too much information by email while not having time
toread it [8]. Therefore, our research questions were: what are
the advantages and disadvantages of educational email alerts
from the physicians' viewpoint?
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Table 1. Advantages and disadvantages of email, as mentioned in the literature.

Badran et d

First author  Design, participants, setting, intervention, datacollection  Types of advantage Types of disadvantage
and dateof  and analysis
study
Barnhart Design: Cross-sectional Good for training purposes. Emails did not cover all educational
2010 Participants: 69 medical students Possibility to receive feedback to  1OPICS.
Setting: llinois University, Department of Family and  ImProve the content.
Community Medicine Easy to manage, asmedical students
Intervention: Educational emails containing clinical &€ familiar with email.
questions from standardized patients
Data collection: Email replies
Data analysis: Descriptive statistical
Bennett Design: Survey Thelnternet isanimportant tool for  Information overload.
2005 Participants: 2200 community-based physicians practice. Specific information often not found.
Intervention: Survey Hc‘ﬁdhg(: colmputers.zlr Ie ”fSEf ‘g ed- Socio-technical difficulties eg, naviga-
oo U ucational tools, especially Tor arug  tjon, and searching.
Setting: United States information. _ 9 _
Data collection: Survey responses Internet connection sometimes too
. o . slow.
Data analysis: Descriptive statistical w
Kenny 2000 Design: Literature review of the usage of telecommuni- Can be used anytime. Family physicians fear being over-
cation (including email) Enhances the relationship between whelmed by patient inquires by email.
Participants: Primary research studiesinvolving general  the doctor and the patient. The medical defense union has con-
practitioners cerns about the security of email.
Moyer 2002 Design: Cross-sectiona survey Improves the relationship with pa=  Email from patientswould add to work
Participants: 476 outpatients, 126 family physicians, ~ Hents. load and not substitute for other tasks.
and 16 clinical staff. A good way to follow up withpa-  Fear of being overwhelmed by patient
Setting: United States tients. email.
Intervention: Survey A fast way to communicate with Security concerns.
Data collection: Survey responses colleagues for consultation and &b cogs for implementation, integration,
. o . results. and maintenance of new systems.
Data analysis: Descriptive statistical
Seguin 2004  Design: Randomized controlled trial All physicians with academic prac- Email addresses are subject to rapid
Setting: Ontario, Canada tices had email addresses. change.
Participants: 2397 family physicians Rapid method to obtain survey data.  Email messages are too easy to delete.
Intervention: Survey Email encourages physiciansto Joint (family or business email) ac-
D llection: Su write more than they would by reg-  counts reduce the chance of checking
ata collection: Survey responses ular mail. email.
Data analysis: Descriptive statistical
Methods Part 1. Demographic Questions
In this part, four demographic questions were asked (ie, age,
Study Design years of practice, practice setting (s), and special interests).

A qualitative descriptive study [23] was conducted through
semi-structured face-to-face interviews with 15 family
physicians. Participants were members of the Department of
Family Medicine, McGill University, who had received an email
to briefly explain the study. An invitation to participate in the
study was emailed to 290 family physicians affiliated with this
department. Of 17 family physicianswho replied, two were not
interviewed because we could not arrange an interview. Yet,
the saturation of data was confirmed during the interviews,
through the repetition of similar answers to our interview
guestions. We decided to conduct semi-structured face-to-face
individua interviews because wewereinterested mainly intheir
individual experience and perceptions. The interview was
conducted in four main parts (see Multimedia Appendix 1).

http://www.jmir.org/2015/2/e49/

Part 2. Participants Knowledge, Attitude, and
Behavior (Theory of Planned Behavior) Regarding
Email

In this part, four questions were asked to assess participants
experience (knowledge, attitude, and behavior) with email in
general and educational email in particular. Using the Theory
of Planned Behavior [24], we explored the daily experience of
participantswith email (knowledge), their psychological reaction
toward email (attitude), and their behavior when they received
an email. This theory was chosen because it is validated and
commonly used for assessing health education programs and
health care professional behavior [25]. Theinterview questions
included: Knowledge: Please describe your daily experience
with email, Attitude: How do you usually feel about email, eg,
welcoming, didliking, feeling overwhelmed, or something else?,
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and Behavior: What do you usually do when you receive email,
eg, reading, deleting, flagging, ignoring, saving, classifying, or
anything else?

Part 3. Perception of the Advantages and
Disadvantages of Educational Email

In this part, participants were asked three questions about their
preferences for Continuing Medical Education (CME),
specifically, the advantages and disadvantages of educational
email.

Part 4. Recommendationsto Improve Educational
Email

Inthispart, participantswere asked about their recommendations
to improve educational email alerts.

Data Analysis

Interviews were transcribed, reviewed, summarized, and then
a deductive-inductive thematic analysis was conducted [26].
To this end, we assigned preliminary themes based on the
Theory of Planned Behavior, the literature review, and the
interview guide, and then searched for emerging themes. The
inductive processinvolved theidentification of themesthrough
careful reading and re-reading of the datain six sessions. The
coding process was conducted in six stages [26]: (1) we
developed the code manual, (2) we tested the reliability of the
codes, (3) we summarized the data and identified the initial
themes, (4) we applied atemplate, (5) we connected the codes
in accordance with the process of discovering themes and
patterns in the data, and (6) we corroborated and legitimated
coded themes, especially theitem-related codes.

Finally, the results were reviewed by two of us (PP, RG). We
prepared atable of findings for each group of questions related
to: (1) demographic data, (2) participants preference for
continuing education activities, (3) participants experience
with email, (4) participants’ perception of the advantages and
disadvantages of educational email, and (5) participants
recommendations to improve educational email. The data
analysis process and final resultswere discussed with colleagues
who conduct research in the fields of Information Technology
and Primary Health Care. We distributed a report of the data
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analysis process and our results to members of the Information
Technology Primary Care Research Group, and we allowed a
week for detailed reading and commenting. Then, a one
meeting, group members helped to interpret the results.

Ethical Approval

This study was conducted according to the ethical principles
stated in the declaration of Helsinki. Ethical approval was
obtained from the McGill University Institutional Review Board
(IRB).

Results

Part 1. Demographic Results

A total of 15 family physicians were interviewed (nine male
and six female). Nine family physicians were working in
academic health science centers, university, or teaching units
while the other six worked in community-based clinics. The
participants’ number of years in practice ranged from 9 to 38.
Five participants indicated no clinical focus to their practice,
while 10 expressed a special focus such as maternity and
newborn care (Table 2).

Participants were involved in many CME activities (eg,
conferences and Web-based activities) (see Table 3). While six
family physicians mentioned no specific preference for CME
activities, five family physicians expressed interest in
Web-based activities (eg, educational email), three expressed
interest in group learning (eg, conferences and clinical rounds),
and one family physician expressed interest in reading
magazines and journals.

All interviews were done face-to-face in participants’ offices.
Interviewees were welcoming and co-operative: 11 of 15 gave
adequate timefor the interview while only four seemed rushed.
All interviewees answered al questions. Based on our
interpretation of viewpoints, results are presented in three parts.
First, participants reported their knowledge, attitude, and
behavior regarding email in general, and educational email in
particular. Second, they specifically reported advantages and
disadvantages of educational email. Third, they proposed
recommendations to improve educational email.
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Table 2. Participants' demographic data.

Badran et d

Participant Years of practice  Special focus Work setting
P1 38 No AHSC¥university affiliated teaching hospital)
P2 37 No AHSC (university)
P3 36 No Private office
P4 35 Global health; health care of the elderly; mental  University affiliated teaching hospital
health
P5 34 Health care of the elderly; home care AHSC
P6 32 No Private office
P7 31 No AHSC
P8 30+ Adult ADHD Private office
P9 23 Child and adolescent health care Private office
P10 20 Maternity and newborn care AHSC (university)
P11 20 Maternity and newborn care; immigrant and Community clinic; AHSC (Family medicine teaching
refugee care unit)
P12 12 Hospital medicine Private office
P13 9 Health care of the elderly; hospital medicine;  AHSC (university); Nursing home
diabetic foot and wound clinic
P14 9 Care of patients with sexually transmitted dis-  Private office
ease
P15 7 Maternity and newborn care; tropical and travel AHSC

medicine

8AHSC: academic health science center

Table 3. Continuing medical education (CME) activities reported by the participants (n=15).

Type of CME activities n (%)
Group learning (eg, conferences) 13 (87%)
Online learning (eg, email aerts) 11 (73%)
Self-learning (eg, reading journals) 9 (60%)
Teaching or research 9 (60%)
Journal club / lunch time meetings 4 (27%)
University courses 3 (20%)
Clinical rounds 3 (20%)

Part 2. Participants Knowledge, Attitude, and
Behavior Regarding Email

Knowledge

Of 15 family physicians, 13 said they were familiar with email
and checked their email from one to four times per day. These
regular users checked email for clinical, educational, and
personal reasons. Regular usersreceived from 10 to 100 emails
per day. In contrast, the two family physicians who were not
familiar with email, used email for personal communication
and checked it two or three times a week. Their two main
reasonsfor not being regular userswere (1) limited time because
of family obligations, and (2) issues with technology (such as
familiarity).

http://www.jmir.org/2015/2/e49/
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Attitude

Of 15 family physicians, ninefamily physiciansfelt comfortable
with and liked email, three expressed a neutral attitude, and
three disliked or felt overwhelmed by email. Only three family
physicians were not overwhelmed by the volume of email, and
only one family physician expressed a concern regarding
confidentiality when using email in communication with
patients.

Behavior

The 15 family physicians mentioned they scanned emails by
reading thetitle, and prioritized them according to urgency and
relevance. First, they replied to the urgent emails, then, time
permitting, they replied to others. Second, they deleted irrelevant
email. In addition, 13 family physicians mentioned that they
archive important email in a folder, while the other two delete
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all email after reading. Regarding participants' behavior toward
educational email, al 15 family physicians mentioned they
follow the same procedure, namely scan and prioritize.

Part 3. Perceptions of the Advantages and
Disadvantages of Educational Email

Advantages
Participants mentioned six types of advantages (see Table 4).

Badran et d

Disadvantages

Of 15 family physicians, 12 mentioned disadvantages that we
grouped into six main types (see Table 5).

Table 4. Advantages of educational email as reported by the participants (n=15).

Advantages n (%)
Convenient: they are brief and can be “read 24/7" 11 (73%)
Contain vaid information family physicians can trust 5 (33%)
Give family physicians the option to use the information 4 (27%)
Constitute an easy way to disseminate information 2 (13%)
Broaden family physician knowledge, eg, raise their awareness 2 (13%)
Regularly received at a specific time 2 (13%)
Table 5. Disadvantages of educational emails as reported by the participants (n=15).
Disadvantages n (%)
Overwhelming, eg, email difficult to manage 6 (40%)
Not relevant to specialized practice 2 (13%)
Time consuming 1 (7%)
Email may cost to use and to maintain 1 (7%)
Educational email is sometimes confused with commercia email (spam) 1 (7%)
Email readability is affected when writers are not professional editors 1 (7%)

Part 4. Recommendationsto Improve Educational
Email
Participants provided 23 recommendations, presented in Textbox

1. They suggested five general recommendations such as“Avoid
sponsorship by pharmaceutical companies’. They provided six

http://www.jmir.org/2015/2/e49/
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recommendations regarding the informational content of email,
for example, “Add a description of the writers' affiliation”.
There were 11 recommendations concerning the design of
educational email, such as“Add alink to a discussion board on
the topic”.
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Textbox 1. Participants’ recommendations to improve educational email.

Badran et d

General recommendations:

1. Avoid pharmaceutical sponsorship.

2. Clarify the subscription procedure.

3. Maintain the continuity and regularity of the emails.
4. Reduce the price.

5. Send email at a specific time of the day.

Recommendations related to the content:

Add adescription of the writers' affiliation.

Briefly describe the pathophysiology of the condition.
Concentrate on local health and system issues.

Email only clinically relevant content.

Email only up to date content.

N o gk~ w0 DN P

Provide a summary and alink to the original article(s).

Recommendations related to the email design:

Adapt educational email for older readers (eg, larger font).

Add alink to adiscussion board on the topic.

Add alink to archived topics from previous email.

Add a printable one page summary.

Add away for readers to ask questions or send inquiries.

Avoid complex graphics and provide very simple text.

Avoid highly specialized technical functions associated with email.

Distinguish the appearance of educational from commercial email.

© © N o g A~ w N -

Provide the conclusion and summary in separate sections.
10. Include dl information content in the email.

11. Send areminder email with peer feedback (after few months).

Email only validated content from high quality primary research or knowledge syntheses.

Discussion

Principal Findings

No previous studies have specifically focused on the pros and
cons of email from a physicians' viewpoint, athough four
studies and one review [2,7,8,11,22] have mentioned this in
passing (Table 1). Thisliterature suggests physiciansarefamiliar
with email for their education and for communication [2]. In
addition, it showsthat some physiciansfacetechnical difficulties
when using email, and complain about receiving too much
information by email while not having time to read it [8]. Our
results are aligned with the literature in that most of our
participants were familiar with email, while many felt
comfortable and liked using email intheir professiona life, and
some felt overwhelmed by the volume of email they receive.

In addition, our results suggest types of advantages and
disadvantages of educational email that were not previously
mentioned in the literature. First, with respect to the advantages:
(1) educational email can contain valid and trustworthy

http://www.jmir.org/2015/2/e49/
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information, (2) is an easy way to disseminate information to
multiple recipients, (3) broadens the spectrum of family
physician knowledge, (4) is regularly sent at a specific time,
(5) contains brief clinical synopses, and (6) gives the reader an
option to use them.

Second, with respect to the disadvantages of educational email
not previously mentioned in theliterature: (1) educational emails
are overwhelming in number and because of the information
they contain, (2) they are not relevant to specialized practice,
(3) they can resemble commercial email, and (4) some writers
of educational email are not professionals.

However, there were two contradictions in the viewpoints
expressed. Firgt, physicians do not want advertisements within
educational email, in line with Canadian CME policies [27],
while they want this service for free. Second, they want brief
“bottom-line” information, while asking for more information
about the underlying “black-box” process surrounding the
submission, peer-review, and editing of research articles.
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Similar to usual qualitative research, our exploratory study faces
two main limitations: small sample size and researchers
interpretation. Asresearchers, we areinvolved inthe evaluation
of email-based CME programs [3,4,28]. In addition, the
homogeneity of participantsand investigators may have limited
the scope of participants comments. This experienceinfluenced
our interpretation of participant viewpoints. In line with the
“blind-spot” effect proposed by the anthropologist George

Badran et d

In addition, we obtained redundant answers from participants
suggesting data saturation was reached.

Finaly, all participants made suggestions for improving
educational email such as enabling links to a discussion board.
A number of their suggestions are relevant to the providers of
educational email alerts, namely to use valid studies, to add
background information on pathophysiology, to enable a

Devereux [29], this might have lead us to miss some issues printable summary, and to provide comment boxes

reported by participants. Participants were recruited by email
invitation. Weinterviewed them in their offices. They werevery
welcoming, interested in our research topic, and 11 of 15 gave
plenty of time to the interview. Having said this, in-depth
face-to-faceinterviewswith 15 family physicians provided rich
data, as participants had awide range of familiarity with email.

Conclusion

Given email still has some disadvantages as an educational
channel, there is room to improve educational email aerts.
Hence, information providerswould be well advised to consider
both the advantages and disadvantages of educational email as
suggested by physicians.
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Abstract

Background: Addison’s disease and Cushing’s syndrome are rare. The Dutch Adrenal Society offers an online forum for Dutch
adrenal patients to meet and communicate. However, little is known about the added value such a forum has for the delivery of
patient-centered care.

Objective:  Our aim was to analyze the purposes of online patient-to-patient forum conversations, within the context of
patient-centered care.

Methods: For this study aconsecutive sample of 300 questions (“threads’) from the past 3.5 years was sel ected from the forum.
The content of these patient-driven questions was analyzed based on the dimensions of patient-centeredness of the Picker Institute.
This analysis was performed using ATLASL.

Results:  From the 390 questions analyzed, 80.8% (N=315) were intended to gain more information about the disease, the
treatment, and to verify if other patients had similar complaints. To a much lesser extent (38/390, 9.7%), questions expressed a
call for emotional support. Patients answered primarily by giving practica tipsto fellow patients and to sharetheir own experiences.
Conclusions:  On an online patient forum for Cushing’s syndrome and Addison’s disease, patients appear to primarily gain
knowledge and, to a lesser extent, emotional support from their peers. This experience-based knowledge has become a very
important information source. As such, patients can make a substantial contribution to the creation of patient-centered careif this
knowledge isintegrated into the care provided by health care professionals.

(J Med Internet Res 2015;17(3):€54) doi:10.2196/jmir.3869

KEYWORDS
online forum; self care; Cushing's syndrome; Addison’s disease

have a significant impact on patients' quality of life. Patients

Introduction

Addison’s disease and Cushing’s syndrome are rare disorders,
characterized by abnormal secretion of adrenal hormones.
Patients with Addison’s disease, but also many patients with
Cushing's syndrome after treatment, require long-term
substitutional therapy [1]. It affects their lives dramatically,
either physically, emotionally, or both [2-6]. Both conditions

http://www.jmir.org/2015/3/e54/
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treated for Cushing's syndrome, for example, show increased
levels of anxiety and symptoms of depression [2,4-6].

With long-term substitutional therapy, a certain amount of
self-care and knowledge is expected from the patient. Thelevel
of knowledge in patients and the ability to react adequately in
critical situations is often insufficient [7]. Not recognizing
predictive signs of an adrenal crisis or not knowing when to
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increase the dosage of the medication is detrimental for these
patient groups. This lack of knowledge sometimes even leads
to hospitalizations and life-threatening events [8,9]. Patients
with substitutional therapy are advised to carry a medicine
passport with them and an “SOS medallion”, but not every
patient follows this advice [8]. Group education and other
educational programs can increase the quality of
self-management and the use of self-management toolslikethe
SOS medallion and the medicine card in adrenal patients[7,10].

To support self-management effectively, patient-centeredness
should be a cornerstone of the health care delivery model [11].
Patient-centeredness is usually considered to be merely a task
for health care providers. However, in the past decade the role
of peer-to-peer support by means of online forums has gained
tremendous ground, offering the potential to support
self-management [12]. Online support groups can be described
as “weak tie" networks, as the majority of the users only
communicate through online messages. The people on theforum
can havedaily contact but are not necessarily close[13]. Patients
use online forumsto post messages and ask questions. Previous
forum analyses revealed that patients primarily retrieve two
main types of support from online support groups: experiential
information and emational support [14-17]. Thistype of online
support cannot be acquired in the consultation with the doctor
or taught in educational programs, but it can contribute to
aspects of patient-centered care [18].

Theaim of this study wasto analyze the purpose of peer-to-peer
communication, that is, what is the communication being used
for, within the context of patient-centered care. The study is
meant to show the potential contribution of online peer-to-peer
communication to the delivery of patient-centered care.

Methods

Data

Conversation data were obtained from the online forum
moderated by the Dutch Adrenal Society (NVACP). Thisis a
member-only forum, requiring user login, except for the
subforum “Public”, which is open to everyone. This forum is
moderated by ateam of volunteers, and rules are stated on the
website to make sure the forum is used appropriately. For
example, if auser wantsto post medical information, references
are demanded. If the requirements are not met or rules are
violated, the message gets del eted or modified. Therewere 1210
registered members of the NVACP on January 1, 2014. For the
purpose of our study, we created a static database to prevent
any changes that could be made to the posts on the forum by
the members or the administrators of the forum. We did this by
downloading the postsinto an Excel file. We used a sample of
300 consecutive questions (“threads’) in this study, consisting
of 100 threads from three subforums each—Public, Addison,
and Cushing—as these were the three most active subforums.
For every thread we included, we also analyzed every first
answer that was posted. The oldest thread dated from June 2010,
and the most recent thread dated from January 2014.

To prevent any violation of privacy and to protect the identity
of the members of the forum, no names of individuals or
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personal information were included or used in the analysis. A
message was posted on the general subforum on the site on
January 14, 2014, informing the forum members about this
study and also that their identities and their persona information
would not be used in the study. This procedure was presented
to the local medical ethics committee and approved.

Analysis

We performed a deductive qualitative framework analysis for
the 300 selected threads [19]. As a theoretically informed
framework, the eight principles of patient-centered care of Picker
guided the analysis: accessto care, coordination and integration
of care, emotional support, involvement of family and friends,
information, communication and education, physical comfort,
respect for patients' values, and transition and continuity of care
[20]. Every thread was labeled with one or more of the
principles. In case one thread contained multiple subquestions,
all subguestions were included.

For analyzing the answersto the questions, we used open coding
[19]. Driven by thelist of answers, we created alist of response
themes that represented the aim of the answer. This list was
created in an iterative manner, after reading through the answers
multiple times.

Two researchersindependently analyzed the data (DK, HR-W).
Both had to agree on the principle that was selected for each
guestion and theme for the answer. If both researchers did not
agree, a third researcher (MF) joined the discussion until
consensus was reached. We used the program ATLASLi for
coding and supporting the analysis.

If questions were posted twice on the same subforum, for
example due to a mistake by the poster or a technica error,
these duplicate questions were analyzed only once to prevent
biased results. If questions were posted twice but on different
subforums, this was most likely done deliberately to get more
views and replies to the question. These duplicate questions
were therefore included in the analysis.

Results

The time span in which 100 threads were posted differed per
subforum. The Cushing subforum was less active than the
Addison and Public subforum. The 100 threads from the
Cushing subforum were created in a time span of 3 years,
whereas the 100 Public and Addison threads were created in a
time span of just over 1 year.

Questions

The 300 threads included a total of 390 separate questions.
Taking the three forumstogether, 80.8% (315/390) of questions
fitted into one Picker principle, that is, “Information,
communication, and education”. Because of the large humber
of issues, we created subthemes: treatment, the facility,
medication, practical questions, similar complaints, suspected
disease, and the disease itself. On every subforum, “similar
complaints’ (26.3%, 23.5%, 26.9% for Public, Addison, and
Cushing respectively) and “ question about the disease” (15.3%,
18.5%, 20.1%) were the most common used subthemes.
“Emotional support” was the second most important principle,
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represented in 38 threads (9.7%), whereas no questions related
to the principles “physical comfort” and “transition and
continuity of care”. A small number of 17 threads did not fit
any of the principles and were therefore labeled as

Table 1. Total amount of questions, categorized per Picker principle.

Kauw et al

“Miscellaneous’ (4.6%) (see Table 1). The “Miscellaneous’
category covered threads about the forum itself and about
meetings of the NVACP.

Picker principles Public (N=137), Addison (N=119), Cushing (N=134), Total (N=390),
n (%) n (%) n (%) n (%)
Accessto care 3(22) 1(1.0) 2(1.5) 6(2)
Coordination and integration of care 0 (0.0) 1(1.0 0(0.0) 1(0.0
Emotional support 11 (8.0 11 (9.2) 16 (11.9) 38(9.7)
Involvement of family and friends 2(15) 3(25) 0(0.0) 5(1.3)
Information, communication, and 108 (78.8) 97 (81.5) 110 (82.1) 315 (80.8)
education
Question about treatment 15 (10.9)2 13(10.9) 25 (18.7)2 53 (13.6)
Question about the facility 4(2.9) 3(25) 7(5.2) 14 (3.6)
Medication 10 (7.3) 22 (18.5)2 14 (10.4) 46 (11.8)
Practical questions 9 (6.6) 7(5.9) 0(0.0) 16 (4.1)
Similar complaints 36 (26.3)2 28 (23.5)2 36 (26.9)2 100 (25.6)
Suspected disease 13(9.5) 2(17) 1(1.0) 16 (4.1)
Question about the disease 21(15.3) 22 (18.5) 27(20.1) 70 (17.9)
Physical comfort 0(0.0 0(0.0 0(0.0) 0(0.0
Respect for patients' values 3(22) 3(25) 2(1.5) 8(2.1)
Transition and continuity of care 0(0.0 0(0.0 0(0.0) 0(0.0
Miscellaneous 10 (7.3) 3(2.5) 4(3.0) 17 (4.6)

#The three most frequent question themes per subforum.

A frequent example of a question that was coded as “similar ~ On the Public and Cushing subforums, the“treatment” subtheme
complaint” was“Doesanyone haveasimilar experience?” Two  wasalso quite frequent, with respectively 11.1% of the questions

more specific examples of “similar complaint” questions are:

| do alot of exercise, everything gets toned, but my
stomach remains swollen. | also find that | get more
and more stretch marks on my stomach though not
growing anymore and not gaining any weight. | would
like to know who has experienced this and what can
be done about it.

1 year ago | had surgery. My ACTH-producing
adenoma was successfully removed. I' mstill phasing
out with HC and now use 10 mg. per day. Every
reduction of dosage is hard. Lately I’ ve noticed that
| have more energy at night than during the day. My
own theory is that this is because a healthy person
also has low cortisol levelsin the evening. | wonder
if there are more people who recognize this.

http://www.jmir.org/2015/3/e54/

(15/135) and 18.7% of the questions (25/134) from these specific
subforums. On the Addison subforum, “medication” was more
frequent than on the other subforums: 18.5% of questions
(22/119), compared to 7.3% (10/137), and 10.4% (14/134) for
the Public and Cushing subforums, respectively.

Answers

The final list of response themes contained 12 items, and an
answer could have multiplethemesassigned toit. Theresponse
themes were to emphatically urge, to provide medical
information, to provide practical information, acounter-question,
share own experiences, be motivational, to set at ease, to
support, to hint, give adviceto consult the doctor, miscellaneous,
and questions answered by the poster themselves. A total of 29
(7.2%) questions remained unanswered (see Table 2). Quite
often, regardless of the subforum, answers were provided that
related to “ own experiences’ (21.5%, 23.9%, 26.6% for Public,
Addison, and Cushing, respectively).
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Table 2. Total amount of answers, categorized per theme.
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Goal of the answer Public (N=130), Addison (N=130), n (%) Cushing (N=143), Total (N=403),
n (%) n (%) n (%)
Emphatically urge 3(2.3) 2(1.5) 1(0.6) 6 (1.5)
Medical information 16 (12.3) 12 (9.70) 13(9.1) 41(10.2)
Practical information 3(2.3) 4(3.1) 219 9(2.2
Counter-guestion 18 (13.8)2 24 (18.5)2 15 (10.5) 57 (14.1)3
Own experiences 28 (21.5)2 31(23.9)2 38(26.6)2 97 (24.1)2
Motivational 0(0.0) 0(0.0) 1(0.6) 1(0.0)
Set at ease 1(1.0) 0(0.0) 0(0.0) 1(0.0)
Support 11 (8.5) 13 (10) 20 (14)2 44 (11.0)
Hint 20 (15.4)2 33(25.4)2 28 (19.6)2 81 (20.1)2
Adviceto consult thedoctor 16 (12.3) 2(1.5) 7(4.9) 25(6.2)
Miscellaneous 4(3.1) 0(0.0) 0(0.0) 4(0.9)
Answered by poster 2(1.5) 3(2.3) 3(21) 8(2.0)
Question unanswered 8(6.2) 6 (4.6) 15 (10.5) 29(7.2)

8The three most frequent answer themes per subforum.

A good example of an “own experience” answer is“| recognize
itand | havethe same complaints’. Thefollowing isan example
of a conversation with a “similar complaint” question and an
“own experience” answer:

Q: Dear people, are there people with Addison who
can deep fast at night?? Whatever | try, | always
wake up in the middle of the night and then | have a
lot of troublefalling asleep again. Again who oh who
can help me with some good advice eg one or other
substance, or dietary supplement or whatever, | would
be very happy.

A: | have also tried...before and | had a dull feeling
inthemorning. If I'mtill really busy | get out of bed
and | use...(also homeopathic), walk outside with my
dog as a distraction and then get back into bed. It
doesn’t always work, but usually it does. Hopefully
this can be useful to you. Greeting and a happy and
above all a healthy 2014!

“Hint” (33/130, 25.4%; 28/143, 19.6%) and “ counter-question”
(24/130, 18.5%; 15/143, 10.5%) were mainly frequent on the
Addison and Cushing subforums respectively. The advice to
consult adoctor was more often provided in the Public subforum
(16/130, 12.3%) compared to the members-only subforums of
Addison (2/130; 1.5%) and Cushing (7/143; 4.9%).

Discussion

Principal Results

Thisisthefirst study of online peer-to-peer communication in
Addison’s disease and Cushing’s syndrome patients. Theforum
we studied was mainly used to expressinformational cues, and
many of these questions were answered by sharing own
experiences, that is, sharing experienced-based knowledge. An
online peer-to-peer communication forum has the potential to

http://www.jmir.org/2015/3/e54/

provide a meaningful, but narrowly focused, contribution to
patient-centered care, as over 90% of the questions related to
two of the eight Picker principles for patient-centeredness.

Comparison With Prior Work

In the research on peer-to-peer communities, two methods are
used to gain insight in these forums. The content of the forums
can beanalyzedin aquditative analysisor informationisgained
by means of questionnaires or interviewing users of peer-to-peer
forums. Thefirst providesinsight into what kind of purpose the
forum hasfor the patients, whereas the second focuses more on
the psychological and patient empowerment outcomes that
patients experience.

Theresults of our study give usinsight into the needs of Dutch
patients with Addison’s disease or Cushing's syndrome. The
diseases are rare and complicated, and the number of patients
isrelatively low. Online these patients seek information support
and, to amuch lesser extent, emotional support. Multiple other
patient forums, for arange of diseases, have been analyzed, and
they also show therole of informational and emotional support
of onlineforums[15,16,21]. Inthe NVACP forums, the balance
between informational and emotional cuesheavily leanstowards
the informational cues, which mimics the type of questions
patients ask during a doctor consultation. In such a
doctor-to-patient setting, emotional cues are about half as
frequent compared to informational and illness-related cues
[22].

Health can be positively affected by sharing experiences with
peers, as described by Ziebland and Wyke [17]. Acquiring
information, getting emotional support and supporting one
another, describing your disease, and motivating each other to
take actions as mechanisms for such positive influence were
found in our results. However, evidence for positive outcomes
of online support groups on hedth is inconclusive. In a
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systematic review about online support groups among cancer
survivors, most studies report positive effects on psychosocial
outcomes, but none of them reported significant outcomes[23].

Online Support Groups as Contributorsto
Patient-Centered Care

Our study shows the potential that online peer-to-peer support
has in making a contribution to patient-centered care. Apart
from the contribution to the “ Information, communication, and
education” principle, online forums can be accessed any time
of the day, every day, and from anywhere. As such, it improves
“Accessto care” by removing geographical and socia barriers
and making communication more convenient and accessible.
Also, online support groups are not constrained by space, as
happens online. At the same time, it eliminates many people
globally that do not have access to the Internet on adaily basis
or who are not able to read and write.

A very important benefit of online support groupsisthat patients
become engaged in their care, just by gaining experiential
information and receiving emotional support from their peers.
The interaction between the health care professional and the
patient versus theinteraction between patients on onlineforums
are therefore interesting to compare. In a consultation of a
patient with a physician, the physician usualy fulfilstwo roles:
an instrumental role and an affective role. Instrumental means
theinformation exchange between the physician and the patient,
and affective means building up an emotional relationship with
the patient [24]. It is not clear to what extent both roles could
be displayed during online conversations. Vennik et al [18]
analyzed doctor-patient conversationsin online forums. Patients
value doctors' feedback differently from feedback received by
peers. Peer-to-peer support usually is used as experiential
information, whereas feedback by health care professionalsis
considered more reliable and evidence based.

Another reason for patientsto seek information on forumscould
be because of inadequate information provision channels (eg,
verbal or written folders) provided by professionals or
inadequate informational content in existing materials. Van de
Belt et al [25] analyzed whether the questions patients asked
on an onlineforum could be answered with the information that
was provided in the patient folders. About half of the patients

Kauw et al

guestions could not be answered with the information from the
patient folders. As a result, questions concerning medical
information arise on patient forums and then can be satisfactorily
answered by peers, acknowledging the experienced-based value
of information from peers. Therefore, it seemslikely that patient
forums are perceived as useful and even indispensable to
patients.

Limitations

There are some limitations to this study. We analyzed only
every first answer of every question. This excludes the
remainder of the conversation. Also in this study, the posters
of the messages were made anonymous. Thiswas doneto protect
the identity and privacy of the posters. As a consequence,
however, it excluded some interesting data for analysis. For
example, we could not differentiate posters from lurkers or
distinguish very active posters from one-time posters. Some
patients are more active on forums than others. These active
forum users who post messages regularly are called posters,
and the forum userswho mostly read the messages on the forum
rather than posting new messagesthemselves are called lurkers.
However, both groups seem to profit equally from peer-support
via forums [26]. Also, only the 100 newest threads from the
three subforums were analyzed. This excludes older threads
that could still be very up to date and very active. Also the true
meaning of each post could never be totally clear to the
researchers, as the expression of the poster fully depends on
how they formulate their posts. Finally, we did not rate the
quality of the responses, that is, was the experienced-based
knowledge in line with evidence-based guidelines, or was the
response appropriate for the expressed cue?

Conclusions

In conclusion, on an online patient forum for Cushing’s
syndrome and Addison’s disease, patients primarily gained
knowledge and emotional support from their peers. Patientsare
therefore ableto provide asignificant contribution to the creation
of patient-centered care. Moreover, the questions raised in an
online forum revealed unmet needs and issues that matter to
patients. As such, online peer-to-peer communication is an
excellent resource for improving the delivery of patient-centered
care tailored to the unmet needs of patients.
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Abstract

Background: There has been a significant increase in the popularity of Web-based question-and-answer (Q& A) services that
provide health care information for consumers. Large amounts of Q& As have been archived in these online communities, which
form a valuable knowledge base for consumers who seek answers to their health care concerns. However, due to consumers
possible lack of professional knowledge, it is still very challenging for them to find Q& As that are closely relevant to their own
health problems. Consumers often repeatedly ask similar questions that have already been answered previously by other users.

Objective: In this study, we aim to devel op efficient informatics methods that can retrieve similar Web-based consumer health
guestions using syntactic and semantic anaysis.

Methods: We propose the “SImQ” to achieve this objective. SimQ is an informatics framework that compares the similarity of
archived health questions and retrieves answers to satisfy consumers’ information needs. Statistical syntactic parsing was used
to analyze each question’s syntactic structure. Standardized Unified Medical Language System (UMLS) was employed to annotate
semantic types and extract medical concepts. Finally, the similarity between sentences was cal culated using both semantic and
syntactic features.

Results:  We used 2000 randomly selected consumer questions to evaluate the system’s performance. The results show that
SimQ reached the highest precision of 72.2%, recall of 78.0%, and F-score of 75.0% when using compositional feature
representations.

Conclusions:  We demonstrated that SimQ complements the existing Q&A services of Netwellness, a not-for-profit
community-based consumer health information service that consists of nearly 70,000 Q& As and serves over 3 million users each
year. SimQ not only reduces response delay by instantly providing closely related questions and answers, but also helps consumers
to improve the understanding of their health concerns.

(J Med Internet Res 2015;17(2):e43) doi:10.2196/jmir.3388
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Online Health Information Seeking; Health Information Delivery; Consumer Health Informatics; Consumer Question Retrieval;
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Introduction

Web-based health-related question and answering (Q&A)
services are becoming more and more popul ar. Some consumer
health websites receive millions of page views each year, such
as NetWellness, WebMed, and EverydayHealth. Thousands of
users visit these websites to search for answers related to their
health problems[1]. Many of these health information websites
are community-based, which meansauser can submit aquestion
to public forums and wait for that question to be answered by
other users or experts.

The service model of community-based Q&A platforms has
several unique advantages. First, users keep their identity
anonymous, which protects the users’ privacy and encourages
information sharing. For example, many people who feel too
stressed or embarrassed to ask certain types of questionsduring
face-to-face physician consultations (eg, sex-related issues,
weight-related concerns, or emotional problems) can seek help
from the online community. Second, the Q& A platform can
serve as an information source for acquiring new knowledge.
It enhances a user’s understanding of health care on many
different topics, such as nutrition, patient care, or disease
management. Third, compared to face-to-face physician
consultation, a community-based service normally provides a
quicker response and a wider range of perspectives. For
example, a user who asks a question about “ children nutrition”
may receive answers from both child-care experts and
nutritionists. Finally, the online community provides aplatform
for consumers to share their health concerns and wellness
interests. This creates an environment that not only shares new
knowledge, but also provides emotional support for health care
consumers. Therefore, acommunity based Q& A isan excellent
way of delivering health care information to a wide range of
public users. It could help reduce the time and cost of
information delivery, such asthose services provided by MIMIR
[2] and Yahoo Answers[3].

Despite the fact that an online community-based health
information service has many advantages, there are till many
challenging problems that need to be addressed to improve the
service's quality and accessibility [4]. Consumers are often
unaware of the great value of archived historical questions.
Also, many consumers may lack professional knowledge,
making it challenging for them to find Q& As that are relevant
to their own particular health concerns. Often times, these users
post similar questions that have been answered previously. As
aresult, duplicate questions delay service responses and create
additional burdensfor the service platform, which then becomes
asignificant waste of valuable resources. Furthermore, domain
experts and administrators also have a strong need to retrieve
and group similar Q& As to support content management. To
addressthese problems, asimilarity-based Q& A retrieval system
is highly desirable both for health consumers and domain
administrators to accommodate their specific needs.

Many community-based service platforms have now archived
thousands of Q& As, which creates a valuable knowledge base.
Berland et a published a study [4] on evaluating consumer
health platforms on the Internet. The results show that the

http://www.jmir.org/2015/2/e43/
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retrieval of relevant information isacritical factor for effectively
ddivering health information to consumers. Devel oping efficient
methods to retrieve similar questions on the Q& A platforms
can help unleash the power of the archived Q& A as important
knowledge bases, and make the archived information more
accessible to consumers. In this paper, the SImQ project is
proposed as auseful framework that focuses on devel oping new
methods to retrieve similar questions from the large health
information platform, NetWellness [5,6].

NetWellness is a not-for-profit health information website,
which has been providing consistent and high quality services
for consumers since 1995. This service platform is operated by
professional health care experts from three universities,
including Case Western Reserve University, Ohio State
University, and the University of Cincinnati. The health
information provided by the NetWellness website has been
evaluated and maintained at high quality standards by experts
who periodically review the content to ensure that the
information is up-to-date. Over 500 health experts, including
physicians, nurses, pharmacists, dieticians, dentists, genetics
counselors, optometrists, athletic trainers, and social workers
have contributed to the public Q& A, and more importantly,
provide professional health care information that directly
addresses consumers’ health concerns. Over 70,000 consumer
guestions have been answered with approximately 1,400,000
[7] visits reaching the website each month. NetWellness
continuoudly collects user feedback through Web-based surveys.
Closeto 80% (28,137/35,719) of the users said that NetWelIness
Q&As were very useful for them but, surprisingly, about 67%
(17,647/26,257) of users reported that the health information
they found on the site was “new” to them. Similar to Lau and
Coierd's report [8], the survey clearly indicates a strong need
for developing advanced informatics tools to provide more
informative and relevant knowledge to educate users and to
fulfill consumers health information needs. The goa of the
present paper isto develop asemantic similarity analysis method
to support the need for retrieving similar questions from
NetWellness, that complements existing services, and that
enables efficient reuse of the accumulated Q&A knowledge
(source code available in Multimedia Appendix 1).

Similarity analysis of Q& As remains a challenging task [9].
There are severa related studies that aim to develop new
methods to improve the Q& A systems in the information
retrieval research field. Metzler and Croft [10] presented a
support vector machine (SVM) based question classification
method, in which the trained classifier facilitates the
determination of fact-based question types, such asthe question,
“What isthe world's highest peak?’, which can be classified to
“location” question types. Sneiders[11] proposed amethod that
uses question templates to transfer questions into database
queries, which query the answers based on the predefined
variable dotsinto thetemplates. Thismethod providesaformal
way to construct a database query from structured question
variables. However, due to the requirement of laborious effort
for devel oping templates for each type of question, that method
is not scalable for large and open question databases. More
recently, a ranking framework [12] was proposed to retrieve
relevant content from socia media by using community
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feedback, such as the user’s experience, reputation, and vote.
This method is typically effective when the community allows
users to evaluate the questions openly and provide feedback.
Wang et al [13] proposed a method that uses syntactic structure
to find similar questions. This method was tested on Yahoo
Answers, which showed that the use of syntactic structure
performed better than the traditional “bag-of-words’ feature
representation. Cui et al [6,14] recently proposed another method
that uses multi-topic navigation to help consumers navigate
guestion archives.

These methods provide different solutions to improve Q&A
retrieval on various domains, such as question classification
and ranking. However, health care Q&As often contain
challenging medical information that are too difficult to
encapsulate for standard language processing and information
retrieval to be effective [14-16] (eg, description of diseases,
signs and symptoms, pharmacological reactions, etc). In this
paper, we propose a different method that takes advantage of
the semantic network of the Unified Medical Language System
(UMLS) [17] to assign semantic annotationsto consumer health
guestions. The semantic features combined with statistical

Luoet al

syntactic parsing results are then used to calculate similarity
scores and retrieve similar questions. The goal is to provide
similar Q& As that can help consumers better understand their
own health concerns.

Methods

Challenge

Questions submitted to the NetWellness website are written in
free-text, which contains complex syntactic structure and
semantic elements. Analyzing the similarity of consumer
guestions is not a simple task, so we propose a method that
combines semantic annotation techniques and syntactic natural
language processing methods to analyze the question similarity.
Figure 1 shows the overall framework of our method, called
SimQ. We used the “AQUA” parser [18] to extract sentence
syntactic structure. The UMLS [17] was used to annotate the
sentences and generate semantic features. The Natural Language
Parser (NLP) parsing results and semantic annotation were
combined to create features for estimating similarity scores
among question sentences.

Figure 1. Overview of the SSmQ framework for analyzing similarity of consumer health question.
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Semantic Annotation and Medical Entity Recognition

Semantic annotation isafundamental step of the proposed Q& A
similarity analysis. The annotation procedure aims to identify
health-related entities from the free-text consumer questions
and assign semantic types to the identified entities. We
performed named entity identification using an adapted semantic
annotation tool that was developed from UMLS [19,20]. The
annotation tool mapped the biomedical terms to the UMLS
concepts and semantic types[17]. It hasbeen demonstrated that
UML S-based lexicons cover awide range of medical concepts
[19-21] that can be annotated. Each of the extracted entitieswas
assigned a Concept Unique Identifier (CUI) as defined in
UMLS. Subsequently, we chunked the sentence into smaller
segments based on the identified phrases and words [19]. For
example, the question, “ Could folic acid cause a bitter taste and
body odor?’ would be annotated and chunked as: “could// | folic

acid/C0016410/Pharmacologic Substance |
cause/C0678227/Functional  Concept | al/ | bitter
taste/C0235290/Sign  and Symptom | and/ | body

0dor/C0085595/Finding” . Each chunk was separated by the*|”
mark and consisted of three elements: the name entities (eg,
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folic acid, bitter taste), the concept identifiers (eg, C0016410,
C0235290), and the semantic types (eg, Pharmacologic
Substance, Sign and Symptom). Words without corresponding
semantic mappings in UMLS were also kept to maintain
sentence syntactic structure, such asthe auxiliary verb “could”
and the connector “and” . In this step, theidentified name entities
enhanced the following syntactic parsing. The annotated
semantic types were then used for generating semantic features
to analyze the question similarities of the consumer questions.

Syntactic Features

To analyze the linguistic structure and the constituents of
consumer questions, we parsed the question sentences into
syntactic trees. The AQUA parser [18] was extended from the
Stanford parser [22], and then used to construct syntactic trees
and assign part-of-speech (POS) tagging. A parsed tree is a
formalized structure that represents the syntactic relationship
of the sentence constituents. For example, the syntactic treein
Figure 2 showsthe parsing result of the sample sentence, “ Could
chronic arthritis cause constant pain below theleft knee?'. The
sentence root is tagged as a SQ (Simple Question). It isfurther

parsed into three parts: VBZ (3" person verb), NP (noun phrase),
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and VP (verb phrase). The syntactic tree is expanded until all
leaves contain a single constituent. Unlike standard syntactic
parsing that treats each of the words as a constituent, our method
uses the semantic annotation results and treats the UMLS

Figure 2. Parsed syntactic tree and semantic dependency.

Luoet al

recognizable entities as syntactic constituents. This last step
enabled usto retrieve rel ationships between the identified named
entities.

RDIOT
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~"chronic_ ™, (cause NN |MP

\._arthritis ./ 7 Functional ol mgees
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- — prep paciat., _ i e
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Semantic Features

We constructed dependency grammars [22] from the syntactic
tree, which represent grammatical relationships between the
identified constituents. Studies have shown that dependency
parsing can facilitate retrieving information from free-text within
medical notes, such asfrom discharge summaries[18] or clinica
research digibility criteria [23]. A dependency grammar
construct consists of agovernor, adependent, and arelationship
name. In Figure 2, the governor and the dependent elementsare
encircled by dotted lines and linked together. For example,
dependent “chronic arthritis” isanominal subject (nsubj) of the
governor “cause’, while*“ constant pain” isadirect object (dobj)
of the governor “cause’. By applying the dependency
relationship to the semantic annotation, we can extract semantic
relationships between the entities. For example, we can extract
the semantic relationship, “Disease or Syndrome (chronic
arthritis) - Functiona Concept (cause) - Finding (constant pain)”,
which indicates that the disease has a functional influence on
the clinical finding. Similarly, we can extract another
relationship, “Finding (constant pain) - Spatial Concept (bel ow)
- Body Location or Region (left knee)”, which designates the
gpatial location of the clinical finding. The semantic-type pairs
in the extracted semantic rel ationship were then used to represent
semantic features for similarity calculation.

Question Similarity

Dice coefficient and cosine similarity are the algorithms that
are employed for calculating similarity in this paper. Dice
coefficient (DC) and cosine similarity (CS) (see Figure 3) were
used to evaluate the similarity score between questions. The
similarity score hasavalue range of 0-1. A score of zero means
two questions are not similar at al, and a score of one means
that they are completely the same. Assuming that there are two
feature sets Q; and Q, that are generated from two different

http://www.jmir.org/2015/2/e43/

RenderX
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consumer questions, we can then calculate the DC and CS
similarity scores through the formulasin Figure 3.

We use binary representation for both syntactic and semantic
features. If afeature appears to a consumer in a question, then
it has a value of 1; otherwise, the value is 0. From the binary
representation, we can generate vectors containing both syntactic
and semantic features to compare the similarity between these
two questions asindicated in formulas 1 and 2 in Figure 3.

Figure 3. Dice coefficient (1) and cosine similarity (2) formulas.

DC(Q.0,) = ‘|Q‘ alel (1)
CS(0,.0,) = “Ql =L o
Results
Data Source

We applied our method (SimQ) to the consumer questions
posted on the Netwellness website, which has archived over
70,000 Q& As and more than 600 health information articles
that were written by domain experts. All of the Q&As and
articles were categorized into 121 heath topics. The
performance of the proposed SimQ method was then evaluated
by using 2000 random selected NetWellness questions. The
precision, recall, and F-score were measured. Also, we created
an illustration for the aggregated semantic type patterns of the
“Diet and Nutrition” category, which contained 2335 questions
(see Figure 4).
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Figure 4. Overview of the semantic dependency network of the “Diet and Nutrition” topic.
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Semantic Dependency Overview

Figure 4 shows the overview of semantic type patterns in the
topic group “Diet and Nutrition”. The nodes in the figure
represent semantic types (eg, Food, Population Group, and
Qualitative Concept, etc), while the edge that connects the two
nodes indicates a dependency relationship between two types.
The size of a node represents the frequency of the semantic
types within the questions, and the width of an edge represents
the frequency of the dependency relationships between two
types. By connecting all semantic types (nodes) using their
dependency relationships (edges), we were able to produce an
overview of the semantic patterns. The result clearly showsthe
major topics and their connections in the “Diet and Nutrition”
category. Among all 135 semantic typesdefinedin UMLS, only
37 areused in this category. For example, in the semantic type,
“Foods and medical substances’, quality and quantity attributes
arethe most prominent topics, such asdependency pairs*“garlic

http://www.jmir.org/2015/2/e43/

RenderX
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- benefit”, “protein — amount”, and “grape seed extract —
benefits and risks’. Diseases, symptoms, and medical findings
associated with foods are also very popular questions, such as
“gallstones — diet”, “heart disease — wine”, and “low blood
sugar — food”. This result indicates that consumer questions
within the same topic group share many similar patterns. We
hypothesize that semantic features could be used further to
improve similarity analysis.

Example Results of Similar Questions

Table 1 shows some example results of similar questions
retrieved from the NetWellness website. Given a particular
consumer question, our algorithm will run through all of the
archived questions on NetWellness to retrieve the top ranked
similar questions. Thetop 5 similar questionsand their similarity
scores are shown in Table 1 using two examples of consumer
health questions: “My throat glands feel swollen, help?’ and
“Low platelet counts’.
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Table 1. Examples of SimQ calculated similar questions.

Luoet al

Rank Similar questions

Similarity score

Input question: “My throat glands feel swollen, help?”

1 Swollen throat glands are sore? 0.7368
2 Sore throat and swollen glands? 0.6718
3 Swollen feeling in throat, can't swallow well? 0.6545
4 My throat is sore all the time and also my glands? 0.5901
5 Painful swollen uvula, please help? 0.5611
Input question: “Low platelet counts?”
1 Less platelet count? 0.8235
2 What causes low platelet count? 0.7906
3 Extremely low platelet count? 0.7726
4 Decreased platelet count? 0.7003
5 Food for increase in platelet count? 0.5957
Evaluation concepts. The N+C+Type (NCT) features are the combination

To evaluate the performance of the SSImQ method, 12 seed
consumer questionswere selected from Yahoo Answers asinput
questions. These questions were selected from different
categories, such as women's health, diseases and conditions,
and mental health. Two biomedical informaticians, who were
independent to this project, were recruited to generate a gold
standard to evaluate the results of the SimQ question retrieval
engine. They were asked to manually select Netwellness
guestionsthat were closely similar to the seed questions. A total
of 2000 randomly selected Netwellness questions were used as
the candidate pool. In total, 246 consumer questions were
selected by the evaluators as the positive gold standard to
evaluate SImQ’s retrieval performance. The initial agreement
between the two evaluators was 83%. However, they were
allowed to discuss and reach a final unanimous agreement on
all the similar consumer questions, which werethen used asthe
gold standard.

We also compared the performance of similarity analysisusing
different feature representations. Table 2 shows the results of
SimQ using the Dice coefficient and cosine similarity
algorithms. The baseline features (B) are the bag-of-words
representation of aquestion, which isthe standard representation
of NLP analysis. The normalized features (N) are words that
have been normalized by the Specialist Lexical Tool. Thelexical
tool normalizes plural terms and past tensesto their stem form.
The concept features (C) are the UMLS concepts identified in
the process of semantic annotation. The N+POS (P) features
are the combination of normalized terms and their syntactic
part-of-speech tagging. The N+Concept (NC) features are the
combination of normalized terms and their mapped UMLS

http://www.jmir.org/2015/2/e43/

of the precious feature (NC) and the extracted semantic type
features described in the Semantic Features section.

In Table 2, we can see that Dice similarity performs better than
cosine similarity in this task. The results indicate that word
normalization, UMLS concepts, and semantic types improve
similarity analysis. Part-of-speech tagging has no contribution
to the similarity analysis. The best performing representation
is the N+C+Type (NCT) features, with which the system
achieved 75.0% F-score, 72.2% precision, and 78.0% recall.

Syntactic parsing is used to facilitate theidentification of named
entities and to support the construction of semantic features
[24]. Part-of-speech tagging was eval uated as asyntactic feature.
The evaluation result showsthat part-of-speech did not improve
the performance of retrieval. The semantic features are
constructed from the semantic type pairs, which have been
extracted from the parsed dependency tree. The evaluation result
shown indi cates that the semantic featuresimproved theretrieval
results, while syntactic parsing had little effect. From our
analysis, the contributions of semantic features work in two
aspects. (1) the semantic features strengthen key medical
concepts and reduce the weight of non-medical concepts, and
(2) the semantic features improve semantic similarity analysis
of consumer questions that cannot be ascertained directly from
thetext. For example, questions such as* Could my blurred eyes
caused by hypertension?’ and “HBP lead to blurry vision?’
share the same semantic concepts, Blurred Vision
(CID:C0344232) Hypertensive Disease (CID:C0020538), and
the same semantic type pattern, Disease_or_Syndrome - cause
- Sign_or_Symptom. Figure 4 shows that there are many
overlapping semantic rel ationshi ps (semantic dependency pairs)
within aclosely related topic group.
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Table 2. Evaluation of different feature representations for consumer Q& A similarity analysis (average of 12 experiments using 12 seed questions).

Feature True False True False Precision % Recall % F-score %
positive positive negative negative

Algorithm - Cosine Similarity
Baseline (B) 12.83 7.67 1969.33 7.67 62.6% 62.6% 62.6%
Normalized (N) 12.67 6.67 1970.33 7.83 65.5% 61.8% 63.6%
Concept (C) 14.00 8.33 1968.67 6.50 62.7% 68.3% 65.4%
N+POS (P) 11.67 7.67 1969.33 8.83 60.3% 56.9% 58.6%
N+ Concept (NC) 15.00 7.50 1969.50 5.50 66.7% 73.2% 69.8%
N+C+Type (NCT) 15.33 6.67 1970.33 517 69.7% 74.8% 72.1%

Algorithm - Dice Similarity
Baseline (B) 11.33 317 1973.83 9.17 78.1% 55.3% 64.7%
Normalized (N) 15.50 10.33 1966.67 5.00 60.0% 75.6% 66.9%
Concept (C) 15.33 8.00 1969.00 517 65.7% 74.8% 70.0%
N+POS (P) 11.67 5.67 1971.33 8.83 67.3% 56.9% 61.7%
N+ Concept (NC) 14.33 3.83 1973.17 6.17 78.9% 69.9% 74.1%
N+C+Type (NCT) 16.00 6.17 1970.83 4.50 72.2% 78.0% 75.0%

SimQ Application

To demonstrate the use of SImQ, we developed an application
that complemented the existing Q&A services on the
NetWellness website. Figure 5 shows the Web interface of
SimQ. Theoriginal Q& A service on NetWellness prompts users
to select a topic category among 120 categories, and
subsequently allows consumers to submit their question to a
specific category. A coordinator reviews the question and then
determines whether the user-assigned category is correct. If the
guestion is submitted to the correct category, the coordinator
will forward the question to a health expert.

This new application enhances the workflow through semantic
similarity analysis (see Figure 5, Step 1). Consumersfirst submit
their health concerns to the SimQ question retrieval engine.
SimQ analyzes the question and calculates the similarities
against all the questionsthat have been archived on Netwellness
(Figure 5, Step 2). A list of closely related similar questions

http://www.jmir.org/2015/2/e43/

will be retrieved for the consumer. The user can then browse
through similar questions that were posted in the past and read
the related Q&As. This step improves the consumer’'s
understanding of the health problem using historical knowledge.
The consumer could also find the right answer for their problem
directly from the archived Q& As. After the consumers have
read through the similar Q& As, and have determined that they
wish to continue submitting a new question, the system will
automatically recommend one or more topic categoriesfor them
to consider using the most frequent topics that have been
assigned in the past applying similar questions (Figure 5, Step
3). Thisimportant step addresses the problem of wrong category
selection, which is very commonly encountered on public
Web-based Q&A services. Wrong category submission may
lead to no answer or even require manua correction. The
application described above demonstrates that our method can
beintegrated into existing systemsto improvethe service quality
of the Q& A workflow.
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Figure5. Application of SimQ for NetWellness.
Step 1: Find similar questions on NetWellness.org

Luoet al

Your question: Can you get AIDS from talking to someone on a cellphone?

Find Past Similar Questions

Step 2: Review similar questions and answers

Question ID |Topic Category |Question Subject

Goto NW Q&A

180 HIV and AIDS |can i get aids from talking to someone on the phone? |Link to Q&A
34075 HIV and AIDS |can i get hiv from possible blood in the bathroom? |Link to Q&A
177 HIV and AIDS |can i get hiv from sucking on a womans breast? Link to Q&A
33991 HIV and AIDS |can i get hiv from blood on a toilet seat? Link to Q&A
14746 HIV and AIDS |can i contract aids from the toilet seat? Link to Q&A

Step 3: Post a new question if you cannot find an answer

If the above Q&As do not answer your question,

we recommend submitting your question to topic category: HIV and AIDS

New question:

Submit a New Question

-

© 2013 NetWellness.org, Center for Clinical Investigation, Case Western Reserve University

Discussion

Q&A Retrieval

At present, one of the most common ways to find health
information online is through search engines. Search engines
use keyword-based information retrieval techniques[25], which
return ranked Web pages that contain the searched keyword.
While returning top-ranked documents can be useful in some
cases, frequently this type of search does not satisfy the user’'s
information needs [26], as has been discussed in TREC, an
international information retrieval consortium. Hence, despite
the common use of search engines, community-based Q&A
platforms are becoming more popular because they addressthe
fundamental need to get human (consumer or expert) answers
for health questions [7,27]. NetWellness is a not-for-profit
platform that provides expert-answered recommendations to
consumers for solving their health questions, which provides
an invaluable resource for consumers.

http://www.jmir.org/2015/2/e43/

RenderX

Related Prior Work

The SimQ method isrelated to but fundamentally different than
Question Answering Machines (QAMSs) [16,26]. QAMsaimto
automatically answer human questions by using computer
programs supported by artificial intelligence techniques [28].
There are various types of QAMs in existence today. In the
biomedical information domain, ASkHERMES [29] is an
automated system that finds and filters clinical information to
help physicians obtain relevant information. Patrick and Li [30]
developed an ontology to classify questionsfromintensive care
units. MiPACQ [31,32] isasystem that integrates different data
sources to answer clinical questions. MEDLINE is the largest
QAM database, and contains 20 million references to PubMed
articles. Sneiderman et al [33] evaluated the performance of
three methods in answering clinical queries using MEDLINE
and found that external semantic knowledge improved the
performance of two of these methods. Automatic machine
guestion answering is still a very challenging task, especialy
for health informatics applications. Most of the machine
answering systems can only provide factual answers to the
guestions. For tasks that involve questions about advice and/or
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opinions for consumer health problems, especially when the
guestion is presented in a free-text format, the performance of
these systems is still not satisfactory [34]. For example, one
would need sophisticated reasoning ability and professional
pharmaceutical knowledge to answer the question: “Why
Fosamax should not be taken with estrogen? SimQ is
fundamentally different, since it reuses similar questions from
the archived knowledge base to satisfy consumers’ information
needsto complement the existing research of machine answering
systems. Therefore, our study is specifically focused on
improving the information retrieval of community-based Q& A
services instead of QAMs. The SimQ method analyzes
guestion-to-question similaritiesin the archived Q& A database
and retrieves relevant Q&As to address consumers heath
concern. Asfar aswe know, thisisthe first research study with
aprimary focus on analyzing the similarity of consumer health
guestions.

Error Analysis

We observed two types of errorsfrom the SimQ retrieval results:
false positive results and false negative results. False positive
results, which are incorrectly included questions, were often
created by questions with small but important differences. For
example, SIimQ retrieves the query, “How can | lose weight in
one month?’ for the question, “How | can gain weight quickly”,
because both “lose weight” and “gain weight” have the same
semantic type, Findings. Both questions contain the same
semantic types, Patient Group and Temporal Concept. The only
major difference is seen in the concepts of “lose weight
(CUI:C0043096)" and “gain weight (CUI:C0043094)". One
potential solution for thistype of error isto incorporate concept
importance ranking into the similarity analysis. When generating
feature vectors, important concepts have higher weights for
calculating the similarity score, which canimprovetheretrieval
results. False negative results (incorrectly excluded questions)
are often caused by complex questions. For example, the
question “I have a breast lump, could it be a lymph node or
tumor?’ is semantically close to “Is swelling breast a sign of
breast cancer?’ by human standards. However, the SimQ
similarity score is not very high. To address this problem, we
need to add concept reasoning ability to the similarity analysis.
In this example, the concept “ breast lump (CUI:C0424849)” is
a descendent of the concept “swelling (CUI:C0038999)", and
“breast cancer (CUI:C0006142)" is a descendent of “tumor
(CUI:C0027651)".

Short ambiguous questions can also |ead to both false negative
and false positive errors. For example, when analyzing the
guestion, “Vitamin B6 deficiency”, SimQ retrieved the false
positiveresult “Vitamin B12 deficiency?’ and the fal se negative
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result “What are the symptoms of Vitamin B6 deficiency?” We
believethat potential methodsto address errors created by short
ambiguous questions include weighting the question elements
by importance and/or applying a query expansion technique.
For example, an intuitive way to expand the question for
Netwellness is to include previous answers from similarity
analysis. However, the answers usually are much more complex
and longer than the question, so it is still challenging to achieve
a good result, especially since real-time retrieval response is
needed. Integrating both questions and answers to improve
retrieval resultswill be examined in subsequent studies that we
plan to undertake.

Limitations

SimQ uses UML Sasastandardized semantic knowledge source.
In the future, we plan to exploit other medical knowledge
sources for semantic annotation, which could provide finer
granularity of the semantic assignment and improve semantic
analysis. Additionally, some researchers have pointed out that
Consumer Health Vocabularies (CHV) [35] may facilitate
natural language processing of consumer-related free text.
Because most questions submitted to NetWellness are consumer
guestions about health, a natural extension to our current
approach will beto evaluate the effectiveness of consumer health
vocabularies in future studies.

Conclusions

Similarity analysis of consumer health questions can
significantly improve the quality and accessibility of online
community-based question answering (Q& A) services. In this
study, we proposed a new application called SImQ, which
analyzes the semantic similarity of consumer health questions
by combining natural language processing and semantic pattern
techniques. The evaluation results show that our approach
effectively retrieves similar questions on NetWellness. The
results show that SimQ reached the highest precision of 72.2%,
recall of 78.0%, and F-score of 75.0%. We demonstrated a use
case application by designing a new Q&A pipeline for the
NetWellness website, which retrieves previous Q& As similar
to the user’s health care. We designed a new Q& A pipeline for
NetWellness, which retrieves previous Q& As similar to the
user's health care question. Then we demonstrated by using a
particular case how the additional features of SimQ would be
applied to a health consumer’s inquiry and integrated into the
existing system to improve the service quality of the Q&A
workflow. Therefore, we have shown that SimQ not only
reduces response delay by instantly providing closely related
guestion and answers, but also helps consumers improve the
understanding of their health concerns.
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Abstract

Background: Information and communication technologies (ICT) are key to optimizing the outcomes of the Chronic Care
Model (CCM), currently acknowledged asthe best synthesis of available evidencefor chronic illness prevention and management.
At the sametime, CCM can offer aneeded framework for increasing the relevance and feasibility of ICT innovation and research
in health care. Littleisknown about how and to what extent CCM and ICT research inform each other to leverage mutual strengths.
The current study examines: What characterizes work being done at the crossroads of CCM and ICT research and innovation?

Objective: Our aim isidentify the gaps and potential that lie between the research domains CCM and I CT, thus enabling more
substantive questions and opportunities for accelerating improvements in |CT-supported chronic care.

Methods: Using a scoping study approach, we developed a search strategy applied to medical and technical databases resulting
in 1054 titles and abstracts that address CCM and ICT. After iteratively adapting our inclusion/exclusion criteria to balance
between breadth and feasibility, 26 publications from 20 studies were found to fulfill our criteria. Following initial coding of
each article according to predefined categories (eg, type of article, CCM component, ICT, health issue), a 1st level analysis was
conducted resulting in a broad range of categories. These were gradually reduced by constantly comparing them for underlying
commonalities and discrepancies.

Results:  None of the studies included were from technical databases and interventions relied mostly on *“old-fashioned”
technologies. Technologies supporting “ productive interactions’ were often one-way (provider to patient), and it was sometimes
difficult to decipher how CCM was guiding intervention design. In particular, the major focus on ICT to support providers did
not appear unigue to the challenges of chronic care. Challenges in facilitating CCM components through ICT included poorly
designed user interfaces, digital divide issues, and lack of integration with existing infrastructure.

Conclusions: The CCM isahighly influential guide for health care devel opment, which recognizes the need for alignment of
system tools such as ICT. Yet, there seem to be alarmingly few touch points between the subject fields of “health service
development” and “ICT-innovation”. Bridging these gaps needs explicit and urgent attention as the synergies between these
domains have enormous potential. Policy makers and funding agencies need to facilitate the joining of forces between high-tech
innovative expertise and expertsin the chronic care system redesign that is required for tackling the current epidemic of long-term
multiple conditions.

(J Med Internet Res 2015;17(2):€25) doi:10.2196/jmir.3547
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Introduction

One of the biggest health care challenges worldwide is the
growing number of persons with chronic or lifestyle-related
illness, which is threatening the infrastructure of health care
systems by rising demands and unsustainable costs[1]. Today’s
fragmented service delivery between levels of care is partly
blamed for the escalation of health care costs seen
internationally. The Chronic Care Mode (CCM) is
acknowledged currently as the best synthesis of available
evidence for chronic illness prevention and management
interventions [2,3] (see Figure 1). Since launched by Wagner
and colleagues in the late 1990s [4,5], the model has been
extensively elaborated and expanded upon, for example, by the
World Health Organization to highlight macro issues related to
population health and health promation [6,7].

Neverthel ess, the basic components of the original CCM remain
core to modern chronic care system redesign of clinical
practices. The model comprises six components, each of which
are supported by evidence as contributing toward productive
patient-provider interactions and improved outcomes.

While questions still remain about whether sequential versus
full implementation of the components are associated with
differencesin outcomes|[ 2], orchestration of the six components
are assessed in terms of how well they support productive
interactions between the informed, activated patient and the
prepared proactive practice team. Key to the modd is an
acknowledgement of the patient’s own rolein self-management
as a vital, but under-focused, resource in chronic care. This
entails a fundamental shift for health care that is traditionally
built around acute, episodic encounters. Long-term and
individualized support for self-management, in partnership with
a proactive (rather than reactive) multi-professional team, is
thus a central feature of this model and the evidence that
supportsit [8].

Information and communication technologies (ICT) are
becoming ubiquitousto the information infrastructure of health
care. Whilethe CCM-component “clinical information systems’
(electronic medical records, disease registries) is by definition
|CT-based, several call for increased use of ICT to facilitate
implementation and fidelity of the other CCM-components
[9,10]. Advancementsin the technol ogical domains of computer
science and information technol ogy arefast-paced, asindicated
by the last 10-20 years of high-tech products that have altered
everyday life in Western civilization. Indeed, the market of
direct-to-consumer mobile health and wellness products and
appsisestimated to reach US $26 billion globally by 2017 [11].
Similar devel opments are gaining momentum under headings

http://www.jmir.org/2015/2/e25/

such as “assisted or independent living” and “welfare
technologies’ [12], many of which are potentially well-suited
for patient-centric solutions within a CCM framework.

Nevertheless, similar to the gap between medical evidence and
practice[13], thereisagap between technological research and
innovation, and applications in health care. This is evident in
that telemedicine and eHeal th systemswith documented benefits
often fail to become incorporated into routine clinical practice
[14]. Explanations offered include amismatch between accepted
methodsin medicine (eg, randomized controlled trials) and the
socio-technical nature of ICT systems, as well as a neglect in
medical informatics and telemedicine to articulate theoretical
rationales for the systems they design and expected outcomes.
This undermines an ability to communicate between
stakeholders, prioritize innovations, sort out critical variables
in adapting them, and explain successful and unsuccessful
outcomes [15]. Others note a lack of attention to contextual
issues during implementation [14]. Thus, while many ICT
innovations may bewell-suited for facilitating CCM, they often
end as pilots, detached from the broader movement toward
improving chronic carein line with available evidence.

Arguably, CCM represents atype of framework that can aid in
increasing the relevance and implementation of technological
research and innovation to health care. First, it iscomprehensive
aswell asintuitive, thus enabling acommon language that may
bridge the communication difficulties between health care
stakeholders (patients, providers, funders) and technologists.
Second, often framed as quality improvement, CCM can be
linked to approaches that health care professionals are
increasingly acquainted with  (quality collaborative,
breakthrough methodologies) and that are well-suited for ICT
implementations [16-18]. Third, as the evidence-base of CCM
increases, an increasing number of national and regional health
care organizations are redesigning their health care servicesin
accordance with CCM [2]. This provides a broader and more
cohesive framework for the piloting and implementation of
large-scaletrials of innovative ICT applications. Further, while
some ICT applications may only target one or two CCM
components, adherence to the CCM framework should
nevertheless enable better integration between applications
supporting the other components.

These observations led us to examine the state of work being
done at the crossroads of CCM and ICT research domains by
examining how ICT is used to support the six domains of the
CCM. Our overall mativation isidentify the gaps and potential
that lie between these research domains, thus enabling more
substantive questions and opportunities for accelerating
improvements in |CT-supported chronic care.
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Figure 1. The Chronic Care Model. (Reprinted with permission from American College of Physicians).
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Methods

Study Design

A scoping study approach isatype of review that helps rapidly
identify gaps in existing literature and points out areas worth
further attention [19,20]. We initially considered conducting a
broader scope of the chronic careliteraturethan CCM. It became
readily apparent, however, that inclusion of related concepts
(chronic care, integrated care, coordinated care, disease
management, shared decision making) resulted in a magnitude
of literature that was unlikely to offer the types of insights we
were seeking, even if we had the resources to anayze it
conscientiously. Thisincluded extensions of CCM such as that
of the World Health Organization, which emphasizes public
health and health promotion in communities [6]. Our specific
interest in clinical system redesign, coupled with the above
arguments about the role of models such as CCM infacilitating

http://www.jmir.org/2015/2/e25/

RenderX

stakehol der communication, led usto limit our focusto thebasic
CCM components. The process of determining inclusion and
exclusion criteria was a team process that evolved iteratively
during the initial broad searches of key concepts.

The following inclusion and exclusion criteria were applied.
Inclusion criteria were: (1) a general focus that is apparent in
the abstract on both CCM-theory/ implementation/ practice
within a health care setting, and |CT-research and innovation,
including innovative use of mature 1CT-tools, with a purpose
of supporting CCM-practice, and (2) any type of study (review,
field study, theoretical analysis, randomized controlled trials).
Exclusion criteria were: (1) papers where the CCM or ICT
innovation was only peripherally mentioned and was not integral
to the main focus of the paper, (2) protocols or abstracts not
followed by a peer-reviewed full text publication, (3)
commentaries, editorials, letters, and (4) technical feasibility
trials. (See Figure 2.)
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Figure 2. Flow chart of search results.
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1054 potentially relevant titles and
abstracts identified and screened

380 articles excluded (358 duplicates
and 22 excluded due to unavailablity in

!

the form of fulltext or abstract)

674 articles retrieved for more
detailed abstract review (full text
review if abstract was not available)

554 articles excluded after detailed

b4

examining titles and abstracts,

122 potentially relevant studies
reviewed full text level

96 articles are excluded as not

\J

meeting criteria for inclusion

v

26 articles from 20 studies are
included in this review

Information Sources and Search Strategy

The “ Chronic Care Model” was used as the main search term
combined with ICT. However, similar to what Coleman found
[2], variations in nomenclature used by authors and imprecise
descriptions of interventions made it difficult to meaningfully
identify CCM-based interventions. Thus, to facilitate the search
for and collection of relevant articles, we used the Science
Citation Index-Web of Knowledge search tool to gather articles
that cite one of five seminal articles [4,21-24] that together
originally described the CCM.

In other databases, we searched for English-language
publicationsin aselection of medical/health (Medline, Embase,
PsycINFO, Cinahl, and Cochrane Library) and technical (IEEE,
ACM Digital Libraries) databases. In the medical/health
databases, any paper that included atitle, abstract, or keyword
referring to ICT-synonyms was considered to be a health
| CT-paper. In technical databases, we considered the subset of
papers with a heath focus to be heath ICT-papers either
including health-ICT synonyms (eg, health informatics,
telemedicine), subject headings, title, or abstract such as
“telemedicine”, or papers including a “health” synonym. See
Multimedia Appendix 1 for acompletelist of search terms. The
first search was conducted in October 2011, and last updated
in October 2013.
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Review of Eligible Papers

Search results were exported to EndNote (X6) (Thomson
Reuters, Carlshad, CA, USA) for merging of databases,
identification and deletion of duplicates, and review
management. Papers that were identified by database search
algorithms as belonging to both the CCM and the health-ICT
domain were collected in one common reference database for
all CCM and hedlth ICT-papers. In al, 1054 references were
identified in all eight databases, of which 358 were identified
asduplicates, and 22 excluded dueto unavailability in theform
of an abstract or full text, leaving 674 unique references eligible
for abstract evaluation. In line with scoping studies [19],
inclusion was not restricted to specific types of studies (eg,
qualitative and quantitative), participants, types of intervention,
or type of outcome.

A total of 122 articles were compliant with the above criteria
and retrieved in full text for evaluation of eligibility.

Study Selection and Data Collection Process

If the publication did not have an abstract or the abstract was
unclear with respect to the degree of CCM focus, the full text
was retrieved. Otherwise, eligibility of al paperswas primarily
based on abstract evaluation.

The validity and reliability of the above inclusion/exclusion
criteriawastested in asubset of 40 full-text referencesthat were
reviewed both in abstract and in full text, independently by two
authors (DG/GB). Of 40 papers, both DG and GB agreed on
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inclusion of nine papers, exclusion of 30 papers, and disagreed
on one paper. Further evaluation of inclusions were done by
GB aone, and discussed with DG in cases of ambiguity. The
two authors (ATK and K S) extracted data based on theinclusion
and exclusion criteria into a structured spreadsheet. All
disagreements were resolved by consensus discussion and four
articles were discussed in a mini workshop by four authors
(ATK, GB, KS, DG) for the final inclusion decision.

When authors reported primary and secondary analyses from
the same study in two separate articles, we present them as one
study and two articles.

Data Extraction and M anagement

Authors ATK or K S extracted the following variablesfrom each
included article: (1) digibility criteria, (2) study design, (3)
methodology, (4) target groups and topics, (5) the type of ICT
used, (6) how the study integrated CCM and all its components,
(7) the scale of the implementation, and (8) outcome measures
and results relevant to the CCM-ICT implementation.

Analysis Process

In line with scoping studies and the aim of this study, we
combined quantitative and qualitative analysis of selected
articles resulting in both a descriptive numerical summary and
athematic analysis[19]. Predefined descriptive categorieswere
applied to theinitia coding of all articles: to type of article (eg,
conceptual and intervention study), topic (eg, disease,
technology, patient, provider, both), and issues addressed. All
included articles were then examined by ATK and KS using a
qualitative content analysis approach [25] resulting in a broad
range of dimensions and categories. These were gradually
reduced by constantly comparing them for underlying
commonalitiesand discrepancies. Analysisnotesand emerging
categories were linked to the articles and concepts supporting
each category. This allowed co-authors (DG, KS, GB, and CR)
to discuss categories and alternative descriptions, although this
was only done when co-authors did not intuitively understand
the proposed categories. Any disagreement between the
reviewers was resolved by consensus discussions.

Results

Descriptive Numerical Summary

The 26 included publications described 20 different studies, al
of which were from medical databases. A total of 80% (16/20)
of the studies were conducted in the United States, and the rest
of the studies were from The Netherlands (n=1), Italy (n=1),
Cyprus (n=1), and one study from six Asian countries. Eight
studies had been published between 2004 and 2008 and 12
between 2009 and October 2013.

Of the total 20 included studies, 14 used quantitative
methodology, four used qualitative methodology, and two
studies combined quantitative and qualitative methodologies.

Patient groups were all defined by their health conditions.
Diabetes was by far the most common disease type targeted by
ICT-CCM implementation studies and accounts for 10 studies
of the 20 included studies.
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The summary of studies and the diseases that they looked at,
the components of the CCM they focused on, and the type of
ICT intervention they implemented are presented in Multimedia
Appendix 2.

Presentation and Discussion of Thematic Analysis

I CT to Support Patient-Provider I nteraction

“Productive interactions’ is a critical dimension of CCM and
thus of particular interest in this study. A total of 13 out of the
20 papers had ICT-CCM interventions that supported
communication between patients and health care providers.
Seven of thesewere oneway (from providersto patients), while
six offered patients the option to communicate with their
providersusing the designated | CT. However, for the most part,
patients were involved by submitting predefined measures such
as signs and symptoms, that is, providing clinical decision
support for clinicians and/or patients.

Emailsor text messages using mobile phones, secure Web-based
systems, and telephone lines were found in 62% (8/13) of the
studies that had a primary focus on patient-provider
communication [26-33]. Thisincluded secure communications
that also allowed patients to have full [30] or partial [27,29]
access to their electronic health records (EHRS). Additional
support included functions such as preventive health reminders,
disease-specific information, self-care advice as a response to
symptoms and test results, medication refill, appointment
booking, laboratory test results, clinic visit summaries, lists of
allergies, immunization status, and biometrics[27,31,34]. (See
Multimedia Appendix 2.)

The second most common means of patient-provider
communications were telephones (n=5), which we included to
capture usage of mobile phones. However, only one study [30]
used smartphones, two studies used text messaging [32,33], one
used anal ogue telephone lines to transfer data [26], while three
used ordinary voice telephony [35-37]. In some of these studies,
telephone calls were the only means health care providers had
toreach their patients[34-36]. Thiswas doneto remind patients
when their testswere overdue [34], to provide sel f-management
support to patients using either computer-assisted health
education scripts [35], or as scheduled weekly calls to support
self-management [36].

Video technology was only used in the Darkins and colleagues
[26] study, and only as a tool to support patients needing
assistance on how to use their other communication devices
and biometric devicesto send datato their health care providers.
It was reported that it was hardly used. Finally, fax was used
for daily datafeedsfrom independent |aboratories and automatic
test interpretations were sent by fax and mail to providers and
patientsif not easily reached by electronic networks [31].

In light of the importance CCM places on “productive
interactions’ and facilitating self-management, it is somewhat
surprising that so few studies (six) in our sample appear to
leverage |CT for this purpose. Seven of the studies had one-way
communication (provider to patient) without offering rationales.
The degree to which patients actually were engaged in the
management of their care is apparently assumed, but little
illuminated.
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ICT for Providers Across CCM Components

Seven of the 20 papers primarily focused on communication
between health care providers and/or targeted the “clinical
decision-making” component. Interventions in this category
included physician education and feedback to physicians[38],
provider feedback with guideline-driven medication assistance
prompts[39], Web-based clinical decision support for providers
[40], specialist and primary care physician email communication
[41], and secure communication between psychiatric care team
composed of primary care physicians, psychiatrists, and
supporting nurses [42]. Other similar interventions included a
Web-based decision support program that also provided
feedback report to patients [43], a Web-based decision support
system [40,42], and a Web-based feedback to clinicians with a
simultaneous feedback report system for patients [39].
Implementation of EMRs and computerized disease registries
to help support clinical data collection [24,38,42] were also
among the ICT interventions.

While clinical decision support and effective provider-provider
communication are vital components in CCM, it was often
difficult to decipher how the interventions were expected to
more specifically contribute either to the “informed activated
patient”, the “prepared proactive team”, or both. Further,
descriptions of how the interventions were expected to interact
with, or at least complement, other CCM -components such as
“self-management support” or “delivery system design” were
typicaly lacking. In these cases, it was not apparent why CCM
was used as aframework at al.

The CCM - ICT Gap

The ICTs in the included studies can be characterized as
“old-fashioned” (with the exception of an unsuccessful
experiment with gaming technology [30]). None of the studies
in our samplewere published in technical research venues. This
apparent neglect of ICT research and innovation to embrace
state-of -the-art approachesto solutionsfor chronic careisworth
noting and may reflect anumber of factors.

First, ICT innovations that are introduced into health care
typically need to interact with pre-existing, often highly complex
and inflexible systems, such as EHR. Testing ICT innovations
in real-life clinical practices, even “simple” plug-in
interventions, often require developing interfaces with EHR
systems, which initself can be costly and complex both legally
and organizationally. This may discourage decision-makersin
health care organizations from embarking on innovation
processes. Technologists on the other hand need expeditious
environments where they can iteratively test and evolve
innovations before market deployment.

Second, ICT research faces the same type of “trandlational”
challenge as medica research. ICT research typically tests
“hypotheses’ through prototypes which, as with medical
research findings, often fail to tranglate into contexts of practice
[44]. It can be argued that many ICTs could be well suited for
solutions in chronic care, had broader frameworks (eg, CCM)
been used to facilitate the multidisciplinary and stakeholder
dialogue necessary for adapting and applying innovative
solutions to contexts of practice.
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Third, ICT-interventions involving patients face digital divide
issues related to accessibility regardless of income and digital
literacy. Important work in addressing this challenge is found
in ICT research and innovation explicitly targeting elderly
populations, and is often referred to as “independent or
assisted-living technologies’ [45] and “welfare technologies’
[12]. Inspired by disability research, these domains more
explicitly adhere to universal design principles and low-cost
accessibility. We were somewhat surprised that our study did
not detect any work from this area, possibly reflecting sectorial
distinctions between health care (from which CCM emerged)
and disability/social services (from which welfare technologies
emerged).

It would be worthwhile to explore more closely the causes of
the apparent gap between CCM and ICT innovation, aswell as
the potential of CCM to facilitate productive synergies with
work being conducted on welfare technologies.

CCM Lost in Translation

In most of the articlesin thisreview, authors start by describing
thoroughly all the components of the CCM and how important
it is to integrate them in their upcoming implementation.
However, there was a tendency to restrict the interventions to
selected CCM components during the course of the
implementation process. For example, Samoutisand colleagues
[46] discussed all the components of the CCM in the planning
phase, but dropped self-management support and utilization of
community resources during the intervention, without offering
rationales. Some explicitly limited their focus to certain
components of the CCM, while the study by Darkins and
colleagues was the only study where ICT interventions
supported more or less all six components of the CCM [26].

The CCM components most focused upon in our included
studies were delivery system design, decision support, and
self-management support. The CCM componentsthat were least
associated with ICT impl ementati on were community resources
and health system organization. While the first is an obvious
candidate for facilitation through social media, none of the
studies reviewed suggested this.

Inconsistency in the integration and application of the CCM
componentswas observed throughout our sample. Almost none
of the CCM-ICT interventions that we have included are alike,
or follow the same pattern of implementation. Also, CCM’s
basic principles of patient engagement, that is, shared decision
making toward a care plan aligned with patient needs, values,
and preferences were barely detected in our sample.

These observations probably reflect the nature of CCM. Itisan
overarching framework for entire health care system design. To
be useful, it needs to be operationalized and tailored to local
context. This process has no guidelines. We see that the dual
focus on the two main components (patients and teams) is often
lost in this process.

CCM'’s strength is its general and overarching focus on all
system components, which has inspired health care reforms
across the world. We have identified an important gap between
the agenda of health care and the agenda of ICl research
domains. The ICT world does not seem to know or understand
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the language and challenges represented by the CCM. Equally,
the CCM champions do not seem to be aware of or capable of
applying novel technologiesin their approaches.

Organizational and ICT Challenges

While few of the studies offered details about challenges, we
noted the following: only a few studies managed to fund the
interventions after the research/pilot projects ended [35,47].
Handing over the programs to non-profit managed care
organizations was found to be one solution to sustain the
programs[35]. Challenges also included provider resistanceto
using secure electronic messaging [29], along with challenges
withthe ICT itsalf, which ranged from minor technical problems
[28] to absence of ICT resources (eg, computers, patient
websites, and medical records) for successful integration of
CCM-ICT interventions [27,24,47].

The lack of access to, for example, the Internet was also
mentioned as a challenge, particularly for patients with low
socioeconomic status or old age [27]. Individuals who are
uninsured or publicly insured or those with communication
barriers with limited literacy or limited language proficiency
were also seen to be challenged by traditional mobile text
messaging [36]. Similarly, use of unfamiliar ICT for patients
and non-age appropriate ICT caused intermittent technical
difficulties in uploading self-monitored blood glucose values
[30]. Innovations to lessen the digital divide should be a major
concern for further policiesin chronic care.

Discussion

Principal Findings
This scoping study offers insights into the state of work being
done at the crossroads of CCM and ICT with the intention of
pinpointing possible gaps and synergies. Thefollowing isworth
noting from this study.

The identified gap between CCM-inspired policy reforms and
research and ICT research and innovation givesriseto important
guestions. What significant synergies can be leveraged by
explicitly linking ICT research and innovation to CCM-based
interventions? For example, what can the ICT research domain
of Computer Supported Cooperative Work contribute in
enhancing CCM’s productiveinteractions between patientsand
proactive care teams? The introduction of patients into
cooperative work processesraisesarange of issuesthat are both
exciting and potentialy of enormous impact. Exploring this
potential would be worthwhile.

ICT innovations championed under headings such as “ assisted
living” and “welfare technologies’ would seem well suited in
supporting informed and active patients, and linking them to
proactive care teams. Arguably, this would also help address
digital divide issues noted in this review. Nevertheless, our
study did not detect that this is happening. Rather, much of the
work can be characterized by traditional medical informatics
that supports the clinical work of providers.
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Existing ICT infrastructures in hedth care (eg, EMR, data
security issues) and the complexities, costs, and risks involved
in changing them probably represent major barriers to
innovation. It is perhaps not a coincidence that the Darkins study
from the Veterans Administration was the most comprehensive
both intermsof CCM and I CT. For health system organizations
built around separate administrative levels of care, the
complexities of negotiating innovative models of care across
entities are even greater. Establishing large-scale living labs
[48] or intermediate platforms for research and innovation that
can safely interact with existing systems without disrupting
ordinary clinical servicesmay be oneway of facilitating iterative
innovation processes.

CCM offersaframework to aid communication acrossresearch
domains and stakeholders. Other frameworks (eg,
Patient-Centered Medical Homes [49]) can serve the same
purpose assuming that they are supported by evidence and can
facilitate communication between research domains and
stakeholders. Given the complexities of chronic care, and the
enormity of efforts needed to improve it, common frameworks
such as CCM can increase the likelihood that the multitude of
projects and innovations can be more systematically applied
and assessed in terms of how well they contribute to improving
the overall care delivered.

Strengths and Limitations

Limiting our search to CCM is both a strength and weakness.
The obviousweaknessisthat relevant work using similar models
and concepts referred to in the chronic care literature are not
included in the study. Thus, we cannot claim to offer a total
overview of what is happening at the crossroads of chronic care
and ICT research and innovation. The strength of limiting our
search to CCM s that it is clearly defined, it is currently
recoghized as the best synthesis of evidence, and it servesasa
framework for health system redesign in Western countries
[2,3]. Also, most other system models for chronic care build
on, or are an adaptation of, the CCM in some way. Thus, we
are confident that our observations are relevant and worth
attention also for those applying other chronic care frameworks.
Another strength of this study is the novel approach to
identifying synergies between domainsof chronic careand ICT
research and innovation. Identifying gaps and synergies is an
important step in leveraging the resources of these domainsto
meet the massive challenges of chronic and lifestyle-related
diseases.

Conclusions

Efforts to bridge the gaps identified in this study need explicit
and urgent attention as the synergies between domains of
research have enormous potential. Policy makers, journals in
the health-ICT field, and funding agencies need to facilitate the
joining of forces between high-tech innovative expertise and
expertsin chronic care health system redesign that is required
for tackling the epidemic of long-term multiple conditions in
populations.
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Abstract

Background: Today, people use the Internet to satisfy health-related information and communication needs. In Malaysia,
Internet use for health management has become increasingly significant due to the increase in the incidence of chronic diseases,
in particular among urban women and their desire to stay healthy. Past studies adopted the Technology Acceptance Model (TAM)
and Health Belief Model (HBM) independently to explain Internet use for health-related purposes. Although both the TAM and
HBM have their own merits, independently they lack the ability to explain the cognition and the related mechanism in which
individuals use the Internet for health purposes.

Objective: Thisstudy aimed to examinetheinfluence of perceived health risk and health consciousness on health-related Internet
use based on the HBM. Drawing on the TAM, it also tested the mediating effects of perceived usefulness of the Internet for health
information and attitude toward Internet use for health purposes for the relationship between health-related factors, namely
perceived health risk and health consciousness on health-related Internet use.

Methods: Data obtained for the current study were collected using purposive sampling; the sample consisted of women in
Malaysia who had Internet access. The partial least squares structural equation modeling method was used to test the research
hypotheses devel oped.

Results: Perceived health risk (B=.135, t,995=2.676) and health consciousness ([3=.447, t,499=9.168) had a positive influence on
health-related Internet use. Moreover, perceived usefulness of the Internet and attitude toward Internet use for health-related
purposes partially mediated the influence of health consciousness on health-related Internet use (3=.025, t1995=3.234), whereas
the effect of perceived health risk on health-related Internet use was fully mediated by perceived usefulness of the Internet and
attitude (B=.029, t,999=3.609). These results suggest the central role of perceived usefulness of the Internet and attitude toward
Internet use for health purposes for women who were health conscious and who perceived their health to be at risk.
Conclusions: The integrated model proposed and tested in this study shows that the HBM, when combined with the TAM, is
able to predict Internet use for health purposes. For women who subjectively evaluate their health as vulnerable to diseases and
are concerned about their health, cognition beliefsin and positive affective feglings about the Internet comeinto play in determining
the use of health-related Internet use. Furthermore, this study shows that engaging in health-related Internet use is a proactive
behavior rather than a reactive behavior, suggesting that TAM dimensions have a significant mediating role in Internet health
management.

(J Med I nternet Res 2015;17(2):e45) doi:10.2196/jmir.3564
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Introduction

Health-Related | nternet Use

Millions of people throughout the world use the Internet and
much of this activity isfocused on health [1,2]. The Internet is
frequently used for seeking health information and
communicating for health-related purposes [3-5]. Information
seeking refers to the “purposive seeking for information as a
consequence of a need to satisfy some goa” [6]. Individuals
seek information to fill gaps between what they know and what
they need to know in various fields including health. Health
information seeking takes place in an environment where
different sources are available [7] and information seekers
consciously select 1 or more sourcesto meet their informational
need [8]. Among forma and informal health information
sources, however, mass media play a vital role in the
dissemination of information: the Internet is a key source for
information. The Internet as the largest online medical library
contains more than 100,000 health-related websites [9].
Internet-based dissemination of health-related information is
often suggested as an optimal way to spread health information
[10] because the Internet provides privacy, immediacy, faster
and easy access to awide variety of health information, and a
variety of perspectives on health-related issues[11,12].

The Internet not only functions as a rich source of health
information, but it also provides interactivity between
professionals and health seekers through an electronic or
communication tool to gain and convey health information [13].
The interactive features of the Internet, such as emailing,
chatting, and discussion forums, provide users with the
opportunity to leave their questions related to their health and
to contact with others, to share and exchange their experiences
about a disease, to ask for the best physiciansin the field, and
to get and give psychological, emotional, and spiritual support
from support groups such as bulletin boards and chat rooms
[4,5,14,15]. All these communication-based activities on the
Internet are not so easily performed through other mediaforms
such as newspapers, radio, or television [16]. Internet use helps
people make key health care decisions by connecting with those
who access health information, and interacting with health
professionals and social support groups[17].

Such importance placed on the Internet as a health-seeking
platform helps people maintain, promote, and manage their
health. Past research shows that women are more likely to use
the Internet for health-related purposes than men [1,2]. In
Malaysia, the use of the Internet to manage health and to learn
more about diseases has become increasingly important [18]
due to the increase in the incidence of chronic diseases, in
particular among urban women [19]. Malaysian women, like
women in other parts of the world, live longer than men, but
are more susceptible to chronic diseases that are preventable
[19]. The Internet can be beneficial for empowering women to
take responsibility for their own health, decreasing theincidence
of illness, and enhancing well-being. Thiscould possibly explain

http://www.jmir.org/2015/2/e45/

why women are the dominant Internet usersin terms of health
information seeking even though the number of male Internet
usersis higher than that of female users[20].

Health-Related | nternet Use From the Health Belief
Modéel Perspective

Although an abundance of research can be found on Internet
health careinformation-seeking behavior, amajor focus of these
studies tends to concentrate on understanding the use of the
Internet for health information-seeking behavior based on the
Health Belief Model (HBM). The HBM wasinitially developed
to predict the behavioral reaction of individuals with acute or
chronic diseasesto the treatment they receive[21], but the model
was later employed to predict more general health behavior
[22,23]. Thebasic assumption of the HBM isthat, in the absence
of any symptoms, individuals will not take health or preventive
measures unless that they are psychologically ready (eg, they
feel vulnerableto adisease) [21]. The HBM suggeststhat belief
in health risk predicts the likelihood of engaging in health
behavior [21]. Perceived health risks consist of 2 dimensions:
perceived susceptibility to disease and perceived severity of
disease. Perceived susceptibility to disease refers to “beliefs
about the likelihood of getting a disease or condition” [21].
Perceived severity of disease, on the other hand, is defined as
“feelings about the seriousness of contracting an illness or of
leaving it untreated include evaluations of both medical and
clinical conseguences (eg, death, disability, and pain) and
possible socia consequences (eg, the effect of the condition on
work, family life, and social relations)” [21].

Individuals with higher perceived hedlth risk have greater
motivation to change or adopt a health-oriented behavior,
including adopting a preventive health behavior such as seeking
information and using information and communication channels
(eg, the Internet) to satisfy hedth-related information and
communication needs [24-27] (Figure 1).

Results of past studies found that women tend to have a higher
perceived health risk than men [28,29]. Moreover, perceived
health risk is the most important and noticeable predictor in
determining women'’s health behavior adoption [30].

Aswell as perceived health risk, health consciousnessis another
dimension that influences health-seeking behavior. Health
consciousnessisdefined as“ the degree to which health concerns
are integrated into a person's daly activities’ [31].
Health-conscious people are aware of and concerned about their
wellness; therefore, they are motivated to improve and/or
maintain their health.

Health consciousnessisa predictor of the use of communication
channels for health information seeking [32-34]. Hedlth
consciousnessincreasesthe amount of health-related information
obtained from media sources such astelevision, radio programs,
books, newspapers, magazines, advertising, and pamphl ets about
health [35]. The positive attitude toward the Internet has made
it aprimary health information source (Figure 1), in comparison
to mass media (eg, television and radio), for learning about
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health-related issues[4,5,33] as previoudy discussed. In essence,
the Internet has enabled individual sto be proactive in managing

Figure 1. Hypothesized model based on the Health Belief Model.

Perceived Severity of
Chronic Diseases

Perceived
Health Risk

Perceived Susceptibility
to Chronic Diseases

Health
Consciousness

Health-Related I nternet Use From the Technology
Acceptance M odel

Other studiesthat contribute toward the extant literature include
those that are based on the Technology Acceptance Model
(TAM) [36,37]. Although the HBM perspective explains
health-related Internet use via the subjective assessment of an
individual's vulnerability to health risks and one’s consciousness
toward health, the TAM views health-related Internet use
behavior from the technology perspective (ie, the usefulness
and ease of use of the Internet and one’s attitude toward Internet
use) [38].

The TAM was devel oped to enable understanding of the use of
technology [38] and is most commonly used for studying
technology-related behavior such as the Internet and computer
use in different contexts including health. The TAM has 3
dimensions: perceived usefulness, perceived ease of use, and
attitude toward technology use. Perceived usefulnessis defined
“as the belief about using the technology that would bring

Figure 2. Hypothesized model based on Technology Acceptance Model.
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Integrating the Health Belief Model and the
Technology Acceptance Model

Although many past studies on Internet use for health-related
purposes adopted the TAM or HBM, the use of these theories
independently has not been able to explain fully Internet
health-seeking behavior. The TAM has been used to predict an
individual’stechnology use; however, it isan inadequate model
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their health through seeking, exchanging, and communicating

health-related information via the e-platforms.

Internet Use for Health
Information Seeking

Health-related
Internet Use

Internet Use for
Communication

benefits to the user,” whereas perceived ease of use refers to
“the belief about using the technology that involveslittle effort”
[36]. Perceived usefulness and perceived ease of use both affect
attitude toward using the technology, which in turn influences
behavioral intention to adopt the technology [36]. Attitude
involves an individual's belief about the consequences of
performing a behavior (eg, technology use), whether it is good
or bad, and the general evaluation influences an individual's
inclination to use or not to use a particular technology [39].
Attitude guides an individual’s behaviors by shaping perception
[39].

Using the TAM framework, studies showed that perceived
usefulness, perceived ease of use and attitude, positively
influence behavioral intention to use health information
technologies such as the Internet and mobile phones [36,40].
Furthermore, all studiesthat applied the TAM in the health care
domain included behavioral intention to use health information
technology, which is driven by the Internet [24,36,37] (Figure
2).

Internet Use for Health
Information Seeking

Health-related
Internet Use

Internet Use for
Communication

for health-related Web use because of its heavy dependence on
2 factors: perceived usefulness and perceived ease of use of
technology [38]. The HBM attempts to explain the factors that
influence health-related Internet use from purely the health
perspective and it does not explain the mechanism or the process
that lead to the behavior. Although the TAM has been widely
used in explaining behavior that relatesto technology [36,38,40],
its effect on Internet use for health-related purposes could only
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be fully understood by incorporating dimensions of the HMB
that explain individuals' belief about health into the model. In
short, thereisaneed to examine health-related I nternet use from
an integrated perspective that combines cognition, attitude, and
behavior as well as the subjective evaluation of the
psychological states of individuals regarding their perception
of their health status.

By incorporating constructs of technol ogy acceptance based on
the TAM and perceived health risk and health consciousness
asexplained by the HBM, an integrated model of health-related
Internet use behavior is proposed whereby perceived usefulness
of the Internet and attitude toward the Internet for health
purposes mediate the relationship between perceived health
risksaswell as health consciousness and health-related Internet
use behavior (Figure 3). Inthismodel, individualswho perceive
their health to be at risk or are motivated to use the Internet
when they believe that the Internet is useful for providing
information on health and health management would be

Ahadzadeh et al

expected to have a positive attitude toward Internet use for
health purposes. In other words, cognitive and affective beliefs
toward the Internet become central to a person who perceives
hisher health to be at risk or is conscious about health.
Therefore, these individuals would have greater technology
usage (ie, the Internet).

This study aimed to examine the influence of perceived health
risk and health consciousness on health-related Internet use
based on the HBM. The model developed for the purpose of
this study incorporated the TAM to provide a better
understanding of the processthat affects the adoption of Internet
use for health purposes. Based on the integrated model, this
study set out to test the mediating effect of TAM constructs,
perceived usefulness of the Internet, and attitude toward | nternet
use on the rel ationship between perceived health risk and health
consciousnesson Internet use for health purposes. Table 1 shows
the 4 hypotheses devel oped for the purpose of this study based
on the literature reviewed previously.

Table 1. Research hypothesesfor explaining health-related Internet use drawing upon the Health Belief Model and the Technology Acceptance Model.

Research hypotheses Path (causal effect) Sources

H1: Perceived health risk toward chronic diseases consisted of perceived susceptibility Perceived healthrisk — hedth-related Inter-  [21,25,26]

to chronic diseases and perceived severity of chronic diseases has a positive effect on ~ Net use

health-related Internet use

H,: Health consciousness has a positive effect on health-related Internet use Health consciousness — health-related In-  [31-33]
ternet use

H3: The effect of perceived health risk, consisted of perceived susceptibility to chronic  Perceived health risk — perceived useful-  [36-38]

diseases and perceived severity of chronic diseases, on health-related Internet useis ~ nessof thelnternet — attitude toward Inter-

mediated by perceived usefulness of the Internet, and attitude toward Internet usefor ~ Net use — health-related Internet use

health information and health management

H4: Theinfluence of health consciousness on health-related Internet useismediated by Health consciousness — perceived useful-  [24,38]

perceived usefulness of the Internet, and attitude toward Internet use for health informa-

tion and health management

nessof the Internet - attitude toward Inter-
net use - health-related Internet use

Figure 3. Integrated model based on the Health Belief Model and the Technology Acceptance Model.
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Methods

Sample and Data Collection

The participants in this study consisted of Malaysian females
living in the state of Selangor, the most urbanized state in
Malaysia. Purposive sampling was used. Women who were
Internet users were selected as the sample for the purpose of
this study because past research found that they tend to be
educated, married, and live in urban areas [15,41,42].
Furthermore, they tend to search for information regarding
health [1,2,43]. Using the drop-and-collect method, a
guestionnaire was distributed to only those who expressed their
willingness to be respondents. The purposive samples were

Ahadzadeh et al

sourced from women working in governmental institutions
located in Selangor state through friends' contacts.

Out of 380 questionnaires distributed, 330 completed
guestionnaires were obtained. From the 330 sets of
guestionnaires returned, 293 responses were usable after
excluding casesthat had not used the Internet for health-related
purposes and cases with incomplete information.

Asshown in Table 2, 127 of 293 respondents (43.0%) were in
the 30 to 39 age group, 193 of 293 (66.5%) were married, 138
of 291 (47.5%) reported that they had a college or university
degree, and 133 of 288 participants (46.0%) had an incomein
the range of 3000-5999 Maaysian Ringgit (RM) (US
$882-$1764).

Table 2. Descriptive statistics of demographic characteristics of participants (N=293).

Characteristics n (%)
Age (years)
20-29 110 (37.5)
30-39 127 (43.0)
40-49 43 (15.0)
=50 13 (4.5)
Marital status
Single 92 (31.5)
Married 195 (66.5)
Others 6(2.0)
Education level
Primary school 18 (6.0)
Secondary school 138 (47.5)
College/university 135 (46.5)
Household income (RM)
1000-2999 114 (39.5)
3000-5999 133 (46.2)
6000-8999 39 (13.5)
>9000 2(0.7)
M easures [45] and modified for this study. All items of these constructs

Perceived Health Risk

Perceived health risk contains 2 subdimensions. perceived
susceptibility to chronic diseases and perceived severity of
chronic diseases. Perceived susceptibility to chronic diseases
was measured by 6 items adopted from Kim and Park [37] and
Bryan et al [44]. Perceived severity to chronic diseases was
measured by 4 items adopted from the Kim and Park study [37].
All items of these constructswere rated on a5-point Likert-type
scale (1=strongly disagree, 2=disagree, 3 =neutral, 4=agree,
and 5=strongly agree) (Multimedia Appendix 1).

Health Consciousness

Participants’ health consciousness was measured by 11 items
covering most facets of health consciousness adopted from Chen

http://www.jmir.org/2015/2/e45/

were rated on a 5-point Likert-type scale (1=strongly disagree,
2=disagree, 3=neutral, 4=agree, and 5=strongly agree)
(Multimedia Appendix 1).

Perceived Usefulness of the I nternet for Health
Information and Health Management

Items that measured perceived usefulness of the Internet for
health information and health management were adopted from
Davis[38]. All items of these constructswere rated on a5-point
Likert-type scale (1=strongly disagree, 2=disagree, 3=neutral,
4=ggree, and 5=strongly agree) (Multimedia Appendix 1).

Perceived Ease of I nternet Use

Perceived ease of Internet use was assessed by the 4 items
developed by Davis [38]. All items of these constructs were
rated on a 5-point Likert-type scale (1=strongly disagree,
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2=disagree, 3=neutral, 4=agree, and 5=strongly agree)
(Multimedia Appendix 1).

Attitude Toward I nternet Use for Health | ssues

Four items on attitudes toward Internet use for health
information were adopted from the study by Wong et al [36].
All items of these constructswere rated on a5-point Likert-type
scale (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, and
5=strongly agree) (Multimedia Appendix 1).

Health-Related | nternet Use

Health-related Internet use had 2 subdimensions: Internet for
seeking health and medical information and Internet use to
communicate health-related issues. Internet use for health
information seeking was measured by 11 items and Internet
usage for communication on health-rel ated i ssueswas measured
by 5 items adopted from past studies [5,37,46]. Respondents
were asked to indicate how frequently they use the Internet for
health and medical information and to communicate on
health-related issues. All 16 items were rated on a 5-point
Likert-type scale (5=always, 4=often, 3=sometimes, 2=rarely,
and 1=never). A higher score indicated a higher frequency of
Internet usage for health information seeking and
communication for health-rel ated i ssues (Multimedia A ppendix
1).

Results

We used the partial least squares structural equation modeling
(PLS-SEM) method and SmartPL S software 2.0 [47] to estimate
the structural model paths (Figure 4) and test the research
hypotheses. PLS-SEM can cope with formative constructs and
isappropriatefor assessing relatively new measurement models.
Both the constructs health-related Internet use (a second-order

http://www.jmir.org/2015/2/e45/
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formative-formative construct) and perceived health risk (a
second-order reflective-formative construct) justified the use
of PLS-SEM for data analysis.

There are 3 different approaches to estimate parameters in
modelswith second-order constructs: (1) the repeated indicator
approach, (2) the 2-stage approach, and (3) the hybrid approach
[48]. For the purpose of this study, a 2-stage approach was used.
This is because the endogenous variable in the model of this
study (health-related Internet use) is a formative second-order
construct, which requires a 2-stage approach [48]. In the 2-stage
method, first we specified the model with first-order constructs.
Subsequently we estimated the latent variable scores of the
first-order constructs and used these scores asindicatorsfor the
second-order constructs [48].

In order to discover the structure of reflective latent variables
and to identify the underlying variance structure of a set of
indicators, thisresearch used exploratory factor analysis (EFA)
[49]. Using oblique rotation, maximum likelihood factor
extraction was performed on the 33 items of reflective constructs
(refer to Table 2 for reflective constructs).

The Kaiser-Meyer-Olkin measure of sampling adequacy (0.816)
and Bartlett's test of sphericity results (P<.001) indicated the
suitability of the data for factor analysis [50]. There were 54
(14.0%) nonredundant residuals with absolute values greater
than .05 and the factors explain 63.71% of total variance. We
excluded 5 items due to their low factor loadings and cross
loadings over factors (ie, 1 item from perceived usefulness of
the Internet, 1 item from perceived ease of Internet use, and 3
items from health consciousness). The details of the
measurement properties of each reflective construct are reported
in Table 3.
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Table 3. Reflective constructs assessment.

Construct/measure Factor loading? Construct reliability Averagevariance Maximum  Average
extracted shared shared square
squared vari-  variance
ance
Per ceived susceptibility to chronic diseases 0.916 0.646 0.092 0.042
| have a higher likelihood of getting chronic diseases 0.873
Thereisagreat chance that | will be exposed to a 0.808
chronic disease
| would say that | am the type of person whoislikely 0.891
to get chronic diseases
Thereis a person with chronic disease among my 0.759
family members
| have astrong possibility of attack or deterioration of 0.707
chronic disease due to improper daily habits (drinking,
smoking, dietary habit, lack of exercise, etc)
Itismost likely that | will catch chronic diseasesin = 0.771
my lifetime
Per ceived severity of chronic diseases 0.900 0.694 0.022 0.011
| am afraid of facing attack or deterioration of chronic  0.756
diseases
If | face attack or deterioration of chronic disease, |  0.807
will have difficulty with my work life (or domestic
affairs)
If | face attack or deterioration of chronic disease, it  0.896
will hinder my personal relationships
If | face attack or deterioration of chronic disease,|  0.865
will be long haunted by resultant problems
Health consciousness 0.925 0.608 0.228 0.140
| havetheimpressionthat | sacrificealot for my health  0.791
| consider myself very health conscious 0.837
| think that | take health into account alot in my life  0.876
| think it isimportant to know well how to stay healthy 0.883
My health is so valuable to methat | am preparedto  0.766
sacrifice many things for it
| have theimpression that other people pay moreatten- 0.767
tion to their health than | do
| do not continually ask myself whether something is 0.665
good for me
| often dwell on my health 0.610
Perceived ease of I nternet use 0.905 0.760 0.336 0.221
My interaction with the Internet for health information  0.857
is clear and understandable
| find the Internet for health information to be flexible  0.880
to interact with
Itiseasy for meto become skillful at usingtheInternet  0.878
for health information
Perceived usefulness of the Internet 0.928 0.811 0.344 0.218
Using the Internet is useful in managing my daily 0.873
health
Using the Internet for health information isadvanta-  0.937

geous in better managing my health
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Construct/measure Factor loading? Construct reliability Averagevariance Maximum  Average
extracted shared shared square
squared vari-  variance
ance
Using the Internet for health information is beneficial  0.890
to me
Attitude toward health-related Internet use 0.933 0.777 0.344 0.303
Using the Internet for health information and health  0.894
management would be a good idea
Using the Internet for health information and health  0.872
management would be awise idea
| liketheidea of using the Internet for healthinforma-  0.895
tion and health management
Using the Internet for health information and health  0.865

management would be a pleasant experience

8The total variance explained by factors=63.713%. All factor loadings were more than 0.5 and significant (P<.05).

Subsequently, we assessed the construct reliability, convergent
validity, and discriminant validity of reflective constructs [51].
Construct reliability greater than 0.7 is an acceptablereliability
coefficient [51,52]. Asshown in Table 3, the construct reliability
of all reflective constructs varied from 0.900 to 0.933, which
indicates good reliability. Then we assessed convergent and
discriminant validity by estimating average variance extracted
(AVE), maximum shared squared variance (MSV) and average
shared square variance (ASV) [51,53]. For convergent validity,
the results of this study show that the AVE of constructs
exceeded 0.5 and construct reliability was greater than AVE,
fulfilling the requirements of convergent validity [53].

To establish discriminant validity, both MSV and ASV should
be less than the value of AVE. As shown in Table 2, MSV and
ASV were less than AVE, indicating that there were no
convergent and discriminant validity issues for the reflective
constructs in this study.

In contrast to reflective constructs, indicators of formative
constructs are not interchangeable and they do not necessarily
have high intercorrelation [54]. In fact, high intercorrelation
between indicators of formative constructs can increase the
standard error, which results in instability of item coefficients
[55]. Hence, instead of assessing reliability, convergent validity,
and discriminant validity of formative constructs by
conventional methods, we assessed them for collinearity issues
[56,57].

In order to assess formative constructs, the collinearity issue
was examined by computing correlation and the variance
inflation factor (VIF). Table 4 shows maximum VIF and

http://www.jmir.org/2015/2/e45/

correlation between indicators of each formative construct.
Because the maximum VIF for Internet usage for health
information seeking and Internet usage to communicate for
health indicators was less than 5, and indicators do not have
high intercorrelation, thisindicates an absence of a collinearity
issue [58]. Further, to evaluate the contribution of formative
indicatorsand their relevance, the factor weight of each indicator
was assessed. As shown in Table 3, although only 3 indicators
of Internet usage for health information seeking have significant
weights, all outer loadings were greater than 0.5 (range
0.505-0.836). In addition, although Internet usage to
communicate had 1 indicator with significant weight, factor
loadings for all indicators were greater than 0.5 (range
0.655-0.931). Thus, al indicators of Internet usage for health
information seeking and Internet usage to communicate made
an absolute contribution to their respective constructs [58].

In the second stage of the 2-stage method, latent variable scores
of perceived susceptibility to chronic disease and perceived
severity of chronic disease as well as latent variable scores of
Internet usage for health information seeking and Internet usage
for communication were estimated and used to evaluate the
formative second level of perceived heath risks and
health-related Internet use, respectively. The VIF of indicators
of health-related Internet use and PHR was less than 5, which
indicates an absence of collinearity issue. Moreover, the
significant factor weights of perceived susceptibility to chronic
disease, perceived severity of chronic disease, Internet usage
for health information seeking, and Internet usage for
communication show that they make a significant contribution
to perceived health risks and health-related Internet use.
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Table 4. Formative constructs assessment.
Construct/measure Indicator t 1999 Indicator outer  Interitem correla- Variance inflation
weight loading tion, mean (range)  factor, maximum

Internet usage for medical and health information seeking
| use the Internet to get general health information  0.161

| use the Internet to get information on 0.450
medicine/drugs

| use the Internet to be equipped with information ~ —0.348
before/after doctor’s appointment

| use the Internet to get descriptions of various dis-  0.115
€ases

| use the Internet to get information on treat- 0.121
ments/therapy/diagnosis

| use the Internet to get information on how to care  -0.201
for oneself

| use the Internet to decide about how to treat anill- 0.444
ness

| use the Internet to decide about whether or notto  0.097
visit adoctor

| use the Internet to understand how to deal withan 0.111
illness

| usethe Internet to get information on hospitals/clin-  0.257
ics/other health care facilities

| use the Internet to get information on health man-  —0.002
agement (exercise, abstinence from drinking, smok-
ing, diet, nutrition, stress, mental health, etc)

Internet usage to communicate about health

| use the Internet to get online medical consultation 0.601
from medical professionals

| usethe Internet to interact with peoplewith similar  0.280
health conditions

| use the Internet to use mail to communicatewitha —0.021
doctor or adoctor’s office

| use the Internet to share and exchange experiences  0.289
about health and diseases

Health-related I nternet use

Internet usage for medical and health information  0.853
seeking

Internet usage to communicate for health 0.221
Perceived health risk
Perceived susceptibility to chronic diseases 0.946

Perceived severity of chronic diseases 0.319

0536 (0.312-0.774)  30.665

1.501 0.594
3.945 0.836
1.877 0.595
0.793 0.717
0.883 0.708
1.468 0.567
3.011 0.803
0.735 0.735
0.610 0.643
2112 0.717
0.015 0.505
0.572 (0.441-0.685) 20.779
3.433 0.931
1.462 0.833
0.129 0.655
1.312 0.765
0.595 10.549
10.766 0.984
2.021 0.728
0.005 10.000
14.430 0.948
1.967 0.324

Next, in testing the hypotheses developed for this study, a
bootstrapping resampling method with 2000 replications was
performed [59]. Bootstrapping isanonparametric approach that
makes no distributional assumptions of variables and lets us
estimate standard errors and confidence intervals and test the
research hypotheses. In testing the mediation effect, a
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bootstrapping approach is more accurate and has higher
statistical power than the approaches of Barron and Kenny [60],
Sobel [61], and Taylor et a [62-64].

Standardized path coefficients, t value, and the percentile
bootstrap 95% confidence interval of total, direct, and indirect
effects on health-related Internet use are shown in Table 5.

JMed Internet Res 2015 | vol. 17 | iss. 2 [e45 | p.292
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table5. Direct, indirect, and total effects.®

Ahadzadeh et al

Path R 2 Q? Standardized path coefficient, B (95% Cl)  t1g90(bo0tstrap)
Total effect
Health-related I nternet use .2395 1531
Perceived health risk (cq) .135*(.036, 234) 2.676
Health consciousness (cy) 447" (351, 542) 0.168
Direct effect
Per ceived usefulness of the Internet 1821 .1460
Perceived health risk (ag1) 309" (216, .401) 6.538
Health consciousness (az1) 269" (.165, .373) 5.063
Attitude toward Internet use 5284 4074
Perceived usefulness of the Internet (d) .334***(.224, 443) 5.955
Perceived health risk (a;2) .063 (-.034, .160) 1.278
Health consciousness (ap2) 270" (167, .374) 5.118
Perceived ease of Internet use (€) 322" (215, 429) 5910
Health-related I nternet use .3827 .2767
Attitude toward Internet use (by) .284***(.175, .392) 5.123
Perceived usefulness of the Internet (by) 266 " (.155, .377) 4.681
Perceived health risk (¢’ ;) .019 (=079, .117) 383
Health consciousness (¢'») 211777 (107, .316) 3.958
Indirect effect
Health-related I nternet use .3827 .2767
Attitude toward Internet use, perceived useful-
ness of the Internet, perceived health risk
(a11.d.by) .029"7(.013, .045) 3.609
Attitude toward Internet use, perceived useful -
ness of the Internet, health consciousness
(ap1.d.by) .025°(.010, .041) 3.234

8A rrows show the influence direction in the hypotheses. For example, perceived health risk influences (- ) health-related Internet use.

* P<.05, ** P<.01, *** P<.001.

In testing hypotheses 1 and 2 on the effect of perceived health
risk to chronic disease and heath consciousness on
health-related Internet use, the results show support for these 2
hypotheses as perceived health risk (=.135, t;499=2.676) and
health consciousness ($=.447, t1999=9.168) have significant
positive influences on health-related Internet use (Figure 5).

Hypothesis 3 was developed to test the mediation role of
perceived usefulness of the Internet and attitude in the
relationship between perceived health risk and Internet use for
health information seeking. Results showed that 8 of 10 direct
effects described in the structural mediated effect model in
Figure 4 were significant at the 95% confidence level or higher,
whereas the direct effect of perceived health risk on attitude
toward Internet use and health-related Internet use was not
significant.
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The indirect effect of perceived health risk on health-related
Internet use through perceived usefulness of the Internet and
attitude toward Internet use was significant at the 95%
confidencelevel (3=.029, t;959=3.609). However, by controlling
the mediators, the direct effect of perceived health risk on
health-related I nternet use was not significant and thisindicated
that perceived usefulness of the Internet and attitude toward
Internet use fully mediated the effect of perceived health risk
on health-related Internet use and hypothesis 3 was supported
(Figure5).

For hypothesis 4, the results showed that the indirect effect of
health consciousness on health-related Internet use through
perceived usefulness of the Internet and attitude toward I nternet
use was significant at the 95% confidence level (3=.025,
t1995=3.234). Because the direct effect of health consciousness

on hedth-related Internet use was significant (f=.211,
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t1909=3.958), perceived usefulness of the Internet and attitude
toward Internet use partially mediated the effect of health
consciousness on health-related Internet use, supporting
hypothesis 4 (Figure 5).

The results showed support for al the hypotheses developed in
the study. Further, the model explained 38.27% of the variance

Perceived
Health Risk
Health
Consciousness

Figure 4. Structural research model.
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in health-related Internet use. To assess the predictive accuracy
of endogenous variables, we used Stone-Geisser's Q? [65,66],
which was implemented by a blindfolding procedure in
SmartPLS 2.0. The results of predictive accuracy, shown in
Table 4, indicated appropriate predictive power for all
endogenous variablesin the model (range 0.1460-0.4074) [67].
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Figure5. Path coefficients of the structural research model.
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Discussion

Principal Findings

This study showed that thereisapositiveinfluence of perceived
health risk and health consciousness on health-related Internet
use, supporting hypotheses 1 and 2. It was also found that the
effect of perceived health risk on health-related Internet use is
fully mediated by perceived usefulness of the Internet and
attitude toward Internet use for health information and health
management as hypothesized in hypothesis 3. The study also
supported that perceived usefulness of the Internet and attitude
toward Internet use for health information and health
management partially mediates the influence of health
consciousness on health-related Internet use as proposed in
hypothesis 4.

This study showed that perceived health risk positively affects
health-related Internet use, confirming that perceived health
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risk is significant in influencing women's Internet use for
health-related purposes. Thisfinding is consistent with Dillard
et al’s study [26]. In addition, the results of the present study
are in-line with Kim and Park’s study, which found that
behavioral intention to use health information technology was
influenced by perceived health risk [37]. However, the results
of Kim and Park [37] showed a smaller impact of perceived
health risk on intention to use health information technology
(B=.016) than in this study (=.135) One explanation for this
could be related to the perceived hedlth risk level of the
participants, whereby the present study is based on urban women
who tend to assess their health as being more at risk, whereas
the sample of Kim and Park’s study consisted of both men and
women [37].

Theresults of this study also showed that health consciousness
has a significant positive effect on health-related Internet use,
supporting the relevance of the HBM, which asserts that health
consciousness contributes to health behavior adoption [31].
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Additionally, it is consistent with prior research that revealed
that health-conscious people engage more in health
informati on-seeking behavior [32,33], prefer health information
sources [68] and information oriented on the Internet [33], and
tend to take part in both offline and online health communities
[69].

The findings show that perceived usefulness of the Internet for
health management and attitude toward Internet use for
health-related purposes become central to women who perceive
their health to be at risk and have the consciousness to seek
information on health and health-rel ated i ssues to manage their
health and to stay healthy. Therefore, Internet use for
health-related purposes is a process with perceived health risk
and health consciousness as antecedents, but for this
psychological orientation to trandateinto health-related Internet
use behavior, perceived usefulness of the Internet and perceived
ease of Internet use as well as attitude toward Internet use for
health purposes provide the mechanism that explains
health-related Internet use. In other words, for those who
subjectively assess their health as susceptible to diseases and
are concerned about their health, cognitive beliefs and positive
affective feelings about the Internet come into play in the use
of the Internet for health-related purposes.

Additionally, thisintegrated model showsthat as health-related
Internet use is predicted more by health consciousness than
perceived health risk, it can be said that Internet usage for health
purposesisaproactive health behavior driven by consciousness
rather than areactive health behavior. This result suggests that
the Internet has become anecessary part of life for women who
are health conscious and who prefer to be empowered by seeking
health information online. Based on the findings of this study,
the implications tend toward further promotion of Internet use
for health purposes by individuals, health care service providers,
and public policy makers. Knowing that health-related factors
(ie, perceived hedth risk and heath consciousness),
technology-related cognitive beliefs (ie, perceived usefulness
and perceived ease of use), and affective feglingstoward Internet
usagefor health information positively influence Internet usage
for searching health information, health care service providers
could make greater use of the Internet to disseminate
health-related information. Furthermore, health care providers
can promote the use of online patient support systemsor online
self-care for a more seamless operation of their services.
Individuals, especially women, would be motivated to seek
information about health care by using the Internet, acting as
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opinion leaders in health and health-related issues for their
family members and friends. Since the governments of all
countries are keen to promote a healthy lifestyle, public policy
makers could make use of the Internet to promote good health
behavior, through women as the gatekeepers and as opinion
leaders.

Limitations

The present study has severa limitations. First, the sample
population focused only on working women living in urban
areas. The sample was not representative of the Malaysian
female population. Therefore, a more comprehensive future
study is suggested to include both men and women with different
ethnicities, age groups, household income levels, educational
attainment levels, and place of residence for a more
representative study. Second, apart from perceived health risk
and health consciousness examined in this study, there are other
health-related factors such as health locus of control, and health
informational and decisiona involvement that could beincluded
in the deliberate reasoning process of health-related Internet
use as moderator or exogenous constructs. Further, this study
did not examinetheinfluence of possible predictors of perceived
ease of Internet use for heath such as eHealth literacy.
Therefore, we suggest that future studies could be devoted to
examining the influence of these suggested constructs on
health-related Internet use. Finally, based on the commonly
known health-related activities that are most often performed
on the Internet (namely health information seeking,
communicating for health-related purposes, and purchasing
drugs and hedth products), further studies could include
purchase of drugs and other health care products as variables
to enable better understanding of the use of the Internet for
health maintenance activities.

Conclusions

Although the present study supported past research that
perceived health risk and health consciousness can operate as
determinants of health-related Internet use as underpinned by
HBM, the HBM model isinsufficient to explain the mechanism
for the adoption of the Internet for health purposes. By
integrating HBM and TAM, results of this study provided the
insight and an understanding that perceived usefulness of the
Internet for health information and attitude toward Internet usage
for health purposes act as mediators on the effect of
health-related factors on health-related Internet use.
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Abstract

Background: Nurses providing home health care services are dependent on access to patient information and communicating
with general practitioners (GPs) to deliver safe and effective health care to patients. |nformation and communication technology
(ICT) systems are viewed as powerful tools for this purpose. In Norway, a standardized electronic messaging (e-messaging)
systemis currently being established in health care.

Objective: Theam of this study was to explore home health care nurses’ assessments of the utility of the e-messaging system
for communicating with GPs and identify elements that influence the assessment of e-messaging as a useful communication tool.

Methods: The datawere collected using a self-devel oped questionnaire based on variables identified by focus group interviews
with home health care nurses (n=425) who used e-messaging and existing research. Datawere analyzed using logistic regression
analyses.

Results: Over two-thirds (425/632, 67.2%) of the home health care nursesreturned the questionnaire. A high proportion (388/399,
97.2%) of the home health care nurses who returned the questionnaire found the e-messaging system to be a useful tool for
communication with GPs. The odds of reporting that e-messaging was a useful tool were over five times higher (OR 5.1, Cl
2.489-10.631, P<.001) if the nurses agreed or strongly agreed that e-messaging was easy to use. The odds of finding e-messaging
easy to usewere nearly seventimes higher (OR 6.9, Cl 1.713-27.899, P=.007) if the nurses did not consider the system functionality
poor. If the nurses had received training in the use of e-messaging, the odds were over six times higher (OR 6.6, Cl 2.515-17.437,
P<.001) that they would consider e-messaging easy to use. The odds that ahome health care nurse would experience e-messaging
as easy to use increased as the full-time equivalent percentage of the nursesincreased (OR 1.032, ClI 1.001-1.064, P=.045).

Conclusions: Thisstudy has shown that technical (ease of use and system functionality), organizational (training), and individual
(full-time equivalent percentage) elements had an impact on home health care nurses' assessments of using e-messaging to
communicate with GPs. By identifying these elements, it is easier to determine which interventions are the most important for
the development and implementation of ICT systemsin home health care services.

(J Med Internet Res 2015;17(2):e47) doi:10.2196/jmir.4056
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Introduction

Health care services are characterized as fragmented and
dispersed [1,2]. This issue is particularly challenging for the
delivery of safe and effective health care to patients who receive
home health care services. Nursesin home health care services
are dependent on access to accurate and relevant patient
information [3]. It is also essential that nurses in home health
care services have the opportunity for clinical communication
and discussions about patient care with general practitioners
(GPs) [2,4].

The current study was conducted in Norway, where home health
care service is managed by municipalities; furthermore, GPs
are self-employed [5] and each municipality can use different
electronic health record (EHR) systems|[6]. Thus, new methods
for information exchange and clinical communication between
GPs and home health care nurses are needed. Information and
communication technology (ICT) systems are viewed as
powerful toolsthat can solve this problem [7]. One of the most
important goals for ICT development and implementation in
health care is to improve the exchange of information, care
coordination, and communication between health care workers
[7,8]. However, implementing new electronic tools in health
care has not always been successful [9,10]. Studies have shown
that health care professionals may assessthetools asinefficient
or believe that the tools do not align with their work practices
[11-13]. Health care professionals beliefs, assessments, and
satisfaction with the ICT systems influence the structure,
process, and outcome of care, which can affect the safety of
patients and their next of kin [3,14,15]. Developing and
implementing new electronic toolsfor communication has high
costs; therefore, it is important to reduce the risks of low,
incorrect, or incomplete use of the systems[9,16].

A sociotechnical perspective aims to understand how ICT
systems are developed, implemented, and become a part of
standard work practices [17]. The integration of ICT systems
into work practices is dependent on the interaction between
individual, organizational, and technological elements. These
elements determine whether theimplementation and use of ICT
systems will be successful [16]. Therefore, atechnical system
cannot beisolated and function on its own and instead needs to
be shaped and reshaped by the people and organizationsin the
socia environments and contexts in which it isused [17]. The
sociotechnical perspective emphasizes the need for active user
involvement in an iterative development and implementation
process and considers strong user involvement for adopting ICT
systems, and for assessing them as useful [8,15,18-20].

Previous studies have shown that several elementsimpact health
careprofessionals' assessments of the usability of ICT systems.
These elements include the health professionals’ participation
in the development of the ICT system [19], the design of the
ICT system [11,12,21], the user interface and functionality of
the ICT system [15], the ease of use [20-24], the compatibility
withwork practices[11,15,21,22,25], and how the ICT systems
are put into practice (eg, training, user support, technical
infrastructure, and resources) [7,11,15,21,23,26-28].

http://www.jmir.org/2015/2/e47/
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In Norway, a standardized el ectronic messaging (e-messaging)
systemiscurrently being implemented in primary health services
[29]. The e-messaging system has been integrated into al of
the major EHR systems used in home health care services and
GP officesin Norway, meaning that it is a module of the EHR
systems that can be procured from vendors. The e-messaging
system consists of six standardized, semistructured message
typesthat can be sent from home health care nursesto GPsand
five semistructured message types that can be sent from GPsto
home health care nurses. The e-message types are customized
for different purposes, including the patients’ health information
and medication lists. A dialogue message was designed for
requests, inquiries, and discussions about patients’ health issues
and special care needs, administrative information on the type
of home health care services provided to the patient and
information about errors and omission in thetreatment and care
of the patient [30]. The e-messages are sent between the different
health care providers EHR systems via the Norwegian Health
Net, which is a secure and closed net used solely for health
information exchange and clinical communication.

The development of the e-messaging system was initiated and
managed by health care professionalsin close cooperation with
vendors [31]. Severa home health care nurses specified the
requirements of the e-messaging system and participated in the
development and implementation phases of the e-messaging
system [31]. Thus, the system was adjusted by strong user
involvement as suggested in other studies [15,19,20,22]. The
Norwegian government aimsto implement e-messaging in home
health care services, nursing homes, GP offices, and hospitals
by the end of 2014 [6].

The aim of this paper was to describe home health care nurses
assessments of using the e-messaging system to communicate
with GPs and identify which elements predict that e-messaging
will be considered a useful tool.

Methods

The study used a cross-sectional approach with aquestionnaire
administered between November 2011 and February 2012.

The Questionnaire

We searched the literature but did not find any questionnaires
that measured the use of e-messaging between home health care
services and GPs. Therefore, we developed a questionnaire in
two phases [32]. In the first phase, we explored the
recommended guidelines for the use of e-messages [33], the
description of the standards for the e-messaging system [30],
and the results from previous contiguous research [34-37]. We
then conducted focus groups and semistructured interviewswith
home health care nurses from two municipalities. The results
from the interviews showed that both organizational and
technical elements were assessed as important dimensions for
the use of e-messaging [38].

The second phase consisted of the questionnaire development.
The questionnaire was reviewed by 6 registered nurses with
clinical, ICT, and research skills, and it was pilot tested by 15
registered nurses who worked in home health care services.
These steps provided significant and valuable information that
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was used to revise the questionnaire. The final version of the
guestionnaire contained 62 items in six sections. (1)
Demographic information, eight items, (2) Procedures for and
amount of information exchange and communication with GPs,
19 items, (3) Information content, 12 items, (4) Expectations
for electronic communication with GPs, 10items, (5) Electronic
communication, three items, and (6) Experiences of the use of
electronic communication, 10 items (see Multimedia Appendix
1). Six itemswere negatively worded: Items 19 (a)-(d) and Items
20 (d) and (e). Here, we report the demographic, electronic
communication, and experiences of the use of e-messaging
results from Sections 1, 5, and 6, respectively.

The items selected for this study have been previously
documented as important factors for health care providers
assessments of healthinformation systems[7,9,11,15,21,26-28].
These items can be grouped as individual, organizational, and
technological elements. Theindividua element consistsof Items
2-6 from Section 1 and Item 16 from Section 5 of the
guestionnaire. The organizational element consists of Items 20
(@ and (b) from Section 6 of the questionnaire. The
technological element consists of Items 19 (b)-(d) and 20 (c)
from Section 6 of the questionnaire.

The questionnaire itemswere rated on a 5-point Likert scale as
follows: (1) strongly disagree, (2) disagree, (3) neither agree or
disagree, (4) agree, and (5) strongly agree. The Cronbach alpha
exceeded .7, indicating acceptable reliability [39].

To test the validity of the questionnaire, a selection of theitems
from the main study was summarized and correlated with the
item “useful tool for communication with GPs’, which is the
guestionnaire’s concluding question. Pearson’'s r was .57
(P<.001), indicating a fairly strong correlation between the
overarching concept of usefulness of the e-messaging tool and
the selected questionnaireitems, but also that there may beitems
or facets of items that should have been addressed in the
guestionnaire. However, we wanted to keep the questionnaire
short to achieve ahigh response rate. The pilot test showed that
it took approximately 10 minutesto complete the questionnaire.

Data Collection

The questionnaire data were collected from home health care
nursesin 12 out of 428 municipalitiesin Norway. Theinclusion
criterion for the municipalities required that the e-messaging
system had been in use for more than 6 months. We assumed
that system usage would be stable after this time frame [40].
The 12 municipalities were the first in Norway to introduce
e-messaging to support communication between home health
care nurses and GPs, and they were the only municipalitiesthat
met this inclusion criteria at the time of our study. All of the
home health care nurses were employed in a 50% or greater
full-time equivalent position, had been using e-messaging for
at least 3 months, and were able to read and write Norwegian.
The home health care nurses received the questionnaire,
information |etter, and return envelope at their workplace from
adesignated contact person in each municipality. The contacts
were responsible for distributing collective reminders and for
collecting the envel opes with the compl eted questionnaire. There
were 681 nurses qualified to answer the questionnaire, and the
guestionnaire was distributed to 632 (92.8%) nurses.

http://www.jmir.org/2015/2/e47/
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Ethical Consider ations

The home health care nurses who were invited to answer the
guestionnaire received written information explaining that their
participation was anonymous and that returning the
guestionnaire meant that they agreed to participatein the study.
The methods for data collection and handling the interviews
and the questionnaire were approved by the Norwegian Social
Science Data Services, which is the officia data protection
agency for research at the University of Oslo (reference no.
26230).

Data Analysis

We used a descriptive analysis to determine the characteristics
of the sample and the nurses’ assessments of using e-messaging.
Scoresfor negatively worded itemswere reversed. Two logistic
regression models were developed to determine the extent to
which specific elements influenced the odds that the nurses
would report that e-messaging was a useful and easy tool for
communication with GPs.

In the first logistic regression model, “the useful tool model”,
we chose to include the independent variables of “easy to use”
and the home health care nurses’ demographic characteristics
of “age’, “gender”, “full-time equivalent percentages’, “years
of experience as a registered nurse (RN)”, “years in current
position”, and “number of months using e-messaging”. The
reason for choosing these variables is based on results from

previous research [3,8,21,26,38].

In the second logistic regression model, “the ease-of-use model”,
the dependent variable of “easy to use” was combined with the
independent variables of “received training”, “access to user
support”, “hindered by poor functionality”, “hindered by low
system performance”, and “hindered by software error”, and
the home health care nurses' characteristics. These variables
have been shown to have an impact of the assessment and

adoption of ICT systems[3,7-9,11,15,21,26-28,38].

In the pre-analysis of the data, we searched for outliers in
continuous variables. The results showed that it was not
necessary to transform any of the data. We used £3.30 standard
deviations (SD) to check for outliers, as suggested by Altman
[41]. Two variables had outliers: “years in current position”
with 24 years (0.9%) in the positive direction and “number of
months using e-messaging” with 37 months (1.3%). However,
working for an extended period of time in the same position or
using the e-messaging system for 37 monthsisunlikely to affect
the results.

Homoscedasticity in both logistic regression models was
assessed by aone-way analysis of variance of the standardized
residuals to establish that their variance was approximately the
same for all vaues of the predictor variables. No
homoscedasticity wasfound. Thefirst model was used to predict
if the e-messaging system was a useful tool for communication
with GPs. The item “easy to use” did not show statistically
significant differences (P=.76) between the prediction errorsin
the group that found the e-messaging system to be auseful tool
and the group that did not find the tool to be useful. The second
model was used to predict if the e-messaging system was easy
to use. The items “received training” (P=.88), “hindered by
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poor functionality” (P=.84), and “full-time equivalent
percentage” (P=.77) did not show dtatistically significant
differences between the prediction errorsin the group that found
the e-messaging system easy to use and the group that did not
find the tool easy to use.

Wetested for possible multicollinearity among the independent
variablesin both model s using the Pearson correl ation to exclude
that the independent variables were highly correlated. The
highest correlation was .76 for age and years of experience as
an RN; therefore, no significant multicollinearity was found
[42].

Inthelogistic regression analysis, we dichotomized the variables
because of their skewed distribution. The variable* useful tool”
was dichotomized as strongly disagree, disagree, neutral, and

Table 1. Demographic information of home health care nurses (N=425).

Lyngstad et a

agree (0=1-4) and strongly agree (1=5). The rest of the ordinal
variables were dichotomized as strongly disagree, disagree,
neutral (0=1-3), agree, and strongly agree (1=4-5).

The P vaue of the Hosmer and Lemeshow goodness of fit
statistic for “the useful tool model” was .317, and for “the
ease-of-use model” the P value was .650. The data were
analyzed using IBM SPSS Statistics version 20.0.

Results

Characteristics of Home Health Care Nurses

A total of 425 (67.2%) of the 632 home health care nurses who
received the questionnaire completed it. The demographic
information is presented in Table 1.

Demographic characteristics Mean n (%)
Gender, n (%)

Female 383 (90.4)

Male 41 (9.6)
Age, mean (SD) 39.6 (10.1) 424.(99.8)
Years of experience, mean (SD) 11.5(9.1) 421 (99.1)
Full-time equivalent percentage, mean (SD) 90.9 (14.2) 425 (100.0)
Yearsin current position, mean (SD) 5.8 (5.6) 422 (99.3)
Number of months using e-messaging, mean (SD) 10.21 (7.5) 382 (89.9)

HomeHealth CareNurses Assessmentsof e-M essaging

The vast majority of the responding home hesalth care nurses
(388/399, 97.2%) agreed or strongly agreed that e-messaging
wasauseful tool for communication with GPs. Table 2 presents
all responses in order to show the complete distribution of the
responses.

For the “easy to use e-messaging” item, the majority of home
health care nurses agreed or strongly agreed (357/398, 89.7%)
that e-messaging was easy to use. A high proportion of the home

Table 2. Assessments of using e-messaging (N=425).

health care nurses agreed or strongly agreed that they had
received training (333/399, 83.5%), while the remaining nurses
were neutral or disagreed. The home health care nurses agreed
to alower degreethat they had accessto user support (256/389,
65.8%).

A relatively high proportion of the home health care nurseswere
neutral or agreed that they were hindered when using
e-messaging because of poor functionality (123/395, 31.1%),
low system performance (123/396, 31.1%), or software errors
(129/395, 32.7%)).

Item Strongly disagree, Disagree, Neutral, Agree, Strongly agree,  Missing,
% (n) % (n) % (n) % (n) % (n) n
Received training 17(7) 6.0 (24) 8.8 (35) 50.9(203)  32.6 (130) 26
Access to user support 1.2(5) 3.6 (14) 29.3(114) 52.9 (206) 12.9 (50) 36
Hindered by poor functionality 18.7 (74) 50.1(198) 23.3(92) 6.6 (26) 1.2(5) 30
Hindered by low system performance 19.4 (77) 49.5 (196) 23.5(93) 6.3 (25) 1.2(5) 29
Hindered by software error 21.5(85) 45.8 (181) 17.2 (68) 13.1(52) 23(9 30
Easy to use 0.2 (1) 1.5(6) 8.5 (34) 52.8(210)  36.9(147) 27
Useful tool - 0.7 (3) 2(8) 31.8(127)  65.4(261) 26

http://www.jmir.org/2015/2/e47/

JMed Internet Res 2015 | vol. 17 | iss. 2 |e47 | p.304
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Predictors That Affected Nurses Assessment of
e-Messaging asa Useful Tool for Communication With
GPs

The logistic regression model showed that the “easy to use”

item gave a statistically significant contribution to the model
(Table 3).

Lyngstad et a

The odds of reporting that e-messaging was a useful tool were
over five times higher if the nurses agreed or strongly agreed
that e-messaging was easy to use. The “useful tool model” was
controlled for the demographic variables of gender, age, years
of experience as an RN, full-time equivalent percentage, and
yearsin current position.

Table 3. Logistic regression model examining predictors affecting the assessment of e-messaging as auseful tool (N=391).

B (SE) P value Oddsrratio (95% CI)
Gender .041 (0.402) 920 1.041 (0.473-2.291)
Age .009 (0.018) 621 1.009 (0.974-1.045)
Years of experience asan RN -.014 (0.021) .505 0.986 (0.948-1.027)
Full-time equivalent percentage .006 (0.008) .505 1.006 (0.989-1.022)
Yearsin current position .001 (0.024) 973 1.1001 (0.955-1.049)
Easy to use 1.638 (0.370) .000 5.144 (2.489-10.631)
Constant -1.555 134 0.211

Predictors That Affected the Nurses Assessment of
e-Messaging as Easy to Use

The* ease-of-usemodel” determined which elementsinfluenced
the assessment of e-messaging as easy to use. The results from
the logistic regression model (Table 4) showed that the
independent variables* hindered by poor functionality”, “training
received’, and “full-time equivalent percentage” were
statistically significant.

The odds that a home health care nurse would experience
e-messaging as easy to useincreased asthefull-time equival ent

percentage of the nurses increased. If the home health care
nurses agreed that they were not hindered by poor e-messaging
functionality, the odds of agreeing that e-messaging was easy
to usewere over 6.9 times higher thanif they did not agree. The
home health care nurses who agreed that they had received
training had odds over 6.6 times higher of agreeing that
e-messaging was easy to use. The home health care nurses
gender, number of months using e-messaging, being hindered
by low system performance or software errors, or having access
to user support were not statistically significant predictors for
the assessment of e-messaging as easy to use.

Table 4. Logistic regression model examining predictors affecting assessments of e-messaging as easy to use (N=364).

B (SE) P value Oddsrratio (95% Cl)
Gender -561 (0.796) 480 0.570 (0.120-2.713)
Age -.049 (0.038) 193 0.952 (0.884-1.025)
Years of experience -.015 (0.039) 701 0.985 (0.913-1.063)
Full-time equivalent percentage .031 (0.016) .045 1.032 (1.001-1.064)
Yearsin current position -.030 (0.043) 488 0.971 (0.893-1.056)
Number of months using e-messaging -.030 (0.030) .318 0.971 (0.915-1.029)
Hindered by low system performance -.633 (0.731) .387 0.531 (0.127-2.226)
Hindered by software error -.094 (0.548) .863 0.910 (0.311-2.664)
Hindered by poor functionality 1.933(0.712) .007 6.914 (1.713-27.899)
Recsived training 1.890 (0.494) <.001 6.622 (2.515-17.437)
Having access to user support .170 (0.479) 722 1.186 (.464-3.031)
Constant 1.053 (2.001) .599 2.867

Discussion sociotechnical perspective [20]. This study demonstrated that

Principal Findings

The results from this study showed that individual,
organizational, and technological elements are interrelated and
affect home hedth care nurses assessments of using
e-messaging to communicate with GPs. Thisisin line with a

http://www.jmir.org/2015/2/e47/

the majority of the home health care nurses assessed the
e-messaging system as a useful tool for communication with
GPs.

Several home health care nurses cooperated with the vendors
in the development and implementation of the e-messaging
system. The redlization of an ICT system relies on the
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participation of the people who will ultimately useit [19]. This
isimportant because the system must fit the needs and working
practices of the users. ICT development and implementation
projectsin health care can be controversial because ICT systems
change organizational routines and relationships between
different health care professionals. To prevent resistance and
non-utilization of the ICT systems, users need to be thoroughly
and systematically involved at an early stagein the development
and implementation process [20]. The involvement of home
health care nurses in the development and implementation of
the e-messaging system may have resulted in a system that was
better aligned with nurses needs and working practices,
therefore, apositive assessment of the e-messaging system could
be anticipated.

The only statistically significant predictor of e-messaging as a
useful tool for communication with GPswasthat nurses assessed
e-messaging as easy to use. This is supported by a study of
health care professionals adoption and use of a clinical
information system that found that the ease of use of the system
wasrequired for it to be considered as abeneficial tool for their
clinical practice[24].

Ease of useisone of the most frequent elements reported among
studies of facilitators and barriers of the adoption of ICT systems
in health care [21,22,24]. Ease of use is related to individual
characteristics of the people who are using ICT systems,
technical features of the ICT system such as the software and
hardware, and organizational implementation of the ICT system
intermsof training, procedures, user support, and configuration
of the system. We found that only one individual element,
full-time equivalent percentage, was a statistically significant
predictor for e-messaging being easy to use. Previous research
has reported opposing evidence that multiple individual
elements, such as age, gender, years of experience as a nurse,
and full-time or part-time work, affect the assessment of ICT
systems [3,8,43-45]. However, we found that the higher the
full-time equivalent percentage of the home health care nurses,
the more likely they were to assess e-messaging as easy to use.
One explanation for this finding is that the more time home
health care nurses spend at work, the more they have accessto
training, user support, and help from their colleagues; thus, the
nurseis more familiar with the use of e-messaging, which may
result in apositive experience and assessment of the e-messaging
system. Another explanation could be that the more time spent
at work, the more time is spent using the system, and the more
adept the user becomes with the system.

Tools/technical concerns, such as functionality and system
design, are important elements that can act as barriers and
facilitators for the implementation and use of ICT systemsin
health care [28]. In our study, alack of poor functionality was
the strongest predictor for the home health care nurses
assessments of e-messaging as easy to use. This finding is
supported by another study on nurses’ assessments of health
care technology, which revealed that poor system design was
among the most common elements for negative attitudes [12].
Ease of useisalso related to the technical environment and the
integration between ICT systems. In a study on usability, the
results showed that physiciansrated ICT systemsaslow because
the integration between the ICT systems was insufficient [11].

http://www.jmir.org/2015/2/e47/
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In this study, the technological environment was important in
the way that the e-messaging system was integrated into the
EHR systemsthat home health care nurses were already using.
The user interface waswell known, which lowered the threshold
for implementing and adopting the e-messaging system [16].

Assessments of ICT systems are affected by organizational
aspects, such as offering user support and training [11]. Our
results show that a high proportion of the home health care
nurses had received initial training in the use of the e-messaging
system, which was a strong predictor for assessing the
e-messaging system as easy to use. Training has previously
been identified as a key element for the successful
implementation of ICT systems in complex systems such as
health care services [7,9,15,46,47]. Training is important in
ensuring that the systems are used in the intended way and
reducing therisk of incorrect use, which could jeopardize patient
safety [7,15,27]. Nurses' use of ICT systems is affected by
training in both basic ICT and specific software [3,28,48].
Training at different levels should be offered by organizations
and must betailored to theindividual needs of home health care
nurses [49].

By applying asociotechnical perspective, we were ableto detect
and predict which elementswere important for the devel opment
and implementation of e-messaging. All of these elements are
interrelated and shape the sociotechnical system; furthermore,
these elements should be considered when developing and
implementing new technology in home health care services
[20].

Limitations

This study has severa limitations. The best methodology to
develop aquestionnaireisto include apilot study with asmaller
sampleusing al possible variables and subsequently identifying
the relevant ones. However, we did not complete this type of
study because of our limited time frame. As an alternative, we
based the questionnaire on explanatory variables identified by
the focus group interviews and existing research.

The questionnaire was not assessed across all dimensions of
validity and reliability. However, the aim of the study did not
include a complete psychometric testing of the questionnaire.

The mean full-time equivalent percentage may have been falsely
high because one of the inclusion criteria for participation in
the study was that the nurses had to be engaged in a 50% or
greater full-time equivalent position. This was necessary to
ensure that the nurses had enough experience in using
e-messaging. According to the Norwegian Nurses Organization
in 2011, 56% of the nurses in primary care in Norway did not
work in a full-time positon, and 15% of those had less than a
50% full-time equivalent position [50]. The odds ratio of the
full-time equivalent percentage predictor may be higher than
our results suggest; thus, the resultsin our study may understate
the odds of the full-time equivalent predictor in the genera
population. Another element that may have biased the results
was that the home health care nurses who participated in this
study worked in thefirst municipalitiesin Norway to implement
e-messaging. Being among the early adopters may have caused
the home hedth care nurses to be especially encouraged,
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enthusiastic, technologically optimistic, and positive toward
e-messaging. These characteristics could differ in populations
that were late to adopt the system.

The strength of this study is that we questioned home health
care nurses in al of the municipalities that had used the
e-messaging system for at least 6 months at the time of the
study. The response rate of the study was 67.2%, which can be

Lyngstad et a

e-messaging. This study demonstrated that home health care
nurses assessed e-messaging asauseful tool for communication
with GPs. It also shows that ICT systems must be easy to use
to be assessed as a useful tool and that a higher full-time
equivalent percentage, having received training, and not being
hindered by poor functionality are important predictors for the
assessment of the e-messaging system as easy to use. Our results
imply that users should be actively involved in the devel opment

considered fairly good for aquestionnaire study [51]. and implementation of ICT systems. Future studies should use

a sociotechnical approach to consideration the complete range
of elementsthat can affect working practices and the outcomes
for the patients and organizationsinvolved. These insights may
help to increase the understanding of effective strategies for
developing and implementing ICT systemsin home health care
services.

Conclusions

By identifying elements that affect home health care nurses
assessments of e-messaging for communication with GPs, we
are better able to determine which interventions are most
important for the development and implementation of
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Abstract

Background: Since the advent of smartphones, mHealth has risen to the attention of the health care system as something that
could radically change the way health care has been viewed, managed, and delivered to date. This is particularly relevant for
cancer, as one of the leading causes of death worldwide, and for cancer supportive care, since patients and caregivers have key
roles in managing side effects. Given adequate knowledge, they are able to expect appropriate assessments and interventions. In
this scenario, mHealth has great potential for linking patients, caregivers, and health care professionals; for enabling early detection
and intervention; for lowering costs; and achieving better quality of life. Given its great potential, it isimportant to evaluate the
performance of mHealth. This can be considered from several perspectives, of which organizational performanceis particularly
relevant, since mHealth may increase the productivity of health care providers and as aresult even the productivity of health care
systems.

Objective: This paper aimsto review studies on the evaluation of the performance of mHealth, with particular focus on cancer
care and cancer supportive care processes, concentrating on its contribution to organizational performance, aswell asidentifying
some indications for a further research agenda.

Methods: We carried out areview of literature, aimed at identifying studies related to the performance of mHealth in general
or focusing on cancer care and cancer supportive care.

Results: Our analysis revealed that studies are amost always based on a single dimension of performance. Any evaluations of
the performance of mHealth are based on very different methods and measures, with a prevailing focus on issues linked to
efficiency. This fails to consider the real contribution that mHealth can offer for improving the performance of health care
providers, health care systems, and the quality of lifein general.

Conclusions: Further research should start by stating and explaining what is meant by the evaluation of mHealth’s performance
and then conduct more in-depth analysisin order to create shared frameworks to specifically identify the different dimensions of
mHealth’s performance.

(J Med I nternet Res 2015:17(2):€9)  doi:10.2196/jmir.3764
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Introduction

Health care is undergoing an evolutionary phase worldwide
aimed at facing multiple challenges: (1) the aging global
population isincreasingly affected by chronic diseasesfor much
longer [1,2], (2) health care delivery costs are becoming
unsustainable [3], (3) societies are becoming more and more
mobile [4], and (4) being cared for at home isincreasingly the
preferred mode of hedth care delivery [2,5]. The
unsustainability of current health care spending has led to the
need for disruptive solutions, capable of controlling costs
without diminishing quality of service and quality of life.

Chronic diseases are becoming the heaviest burden on health
care systems worldwide, and cancer is one of these. A chronic
disease can be defined as a condition that lasts ayear or longer
and requires ongoing monitoring and treatment [6]. Although
cancer continues to be one of the main causes of death, efforts
have been madein several fields of medicinein order to reduce
cancer mortality every year [7].

This scenario has witnessed the rapid and ongoing growth in
mobiletechnol ogies, especially mobile health (mHealth) defined
as “medical and public health practice supported by maobile
devices, such as mobile phones, patient monitoring devices,
personal digital assistants (PDAS), and other wireless devices”
[8]. According to this definition, mHealth includes short
messaging services (SMS) aswell asmore complex applications
like general packet radio service (GPRS), third and fourth
generation mobile telecommunications (3G and 4G systems),
global positioning systems (GPS), and Bluetooth technology

[8].

Furthermore, major advances have been carried out into two
subfields: wearable and body area sensor networks, and maobile
broadband and wireless Internet mHeath systems [9]. An
example of the former isthe innovative WE-CARE system: an
intelligent telecardiology system that exploits mobile wireless
networksin order to provide benefitsin detection rate and time
savings[10]. An example of the second subfield is the concept
of 4G health. The introduction of the fourth-generation mobile
communication system led to aturning point and “the evolution
of mHealth towardstargeted personalized medical systemswith
adaptable functionalities and compatibility with the future 4G
networks’ [9]. The prospect of managing health care viamobile
platforms has resulted in a momentous technology drive and
the implementation of thousands of mobile apps, mainly
designed for asingle condition or aspect of disease management.

Over the past decade, especiadly since the advent of
smartphones, mHealth has come to the attention of the health
care system as something that could radically change the way
health care has been viewed, managed, and delivered to date.
By exploiting their technical capabilities, mobile phones can
be used to implement several health care interventions, ranging
fromincreasing the accessibility of health careinformation (eg,
short messages or reminders) to involving the health care team
(eg, remote monitoring) [11]. To this extent, a mobile phone
with awireless connection is an essential prerequisite because,
as Huang et al state: “a wireless network may be not mobile,
but a mobile network must be wireless’ [10]. In the case of
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cancer, hundreds of apps have already been designed and
implemented with several purposes, such as raising awareness
about chronic disease, providing information about cancer, or
for managing cancer [12].

mHealth has generated a surge of positivistic policy documents,
such as the Digital Agenda for Europe [13] and the Federa
Health IT Strategic Plan [14] in the United States, and this
emerging industry has attracted large investments. mHealth
makesit possibleto follow the shifting focus of health care from
“cure” to“care” thanksto itstendency to support the entire care
process, including wellness and prevention. This is important
in the case of cancer, one of the leading causes of death
worldwide, accounting for 8.2 million deathsin 2012 [15].

mHealth may play a particularly significant role in cancer
supportive care, dealing with the management of the side effects
of cancer treatment, since patients and caregivers play arolein
managing side effects and, given adequate knowledge, are able
to demand appropriate assessments and intervention. In this
scenario, mHealth has great potential for linking patients,
caregivers, and health care professionals, for enabling early
detection and intervention, for cutting costs, and achieving better
quality of life.

Given its huge potential, it is important to evaluate the
performance of mHealth. Literature has shown that the
performance of mHeadth can be assessed from several
perspectives. It can be seen as a return on integrated care
processes, since it can improve communication and enhance
integration among those involved in health care processes
[16,17]. In terms of organizational performance, mHealth can
increase the productivity of health care providers and possibly
even the productivity of health care systemsasaresult [18-20].
For external relations, mHealth can enhance transparency,
increasing the accountability of heath care providers and
systems [21,22], and it can also empower patients [1,23-25].
Finally, the greatest promise of mHealth isthat it may boost the
appropriateness of care and possibly the quality of life[26,27].

This paper intends to review studies on the evaluation of the
performance of mHealth, with a particular focus on cancer care
and cancer supportive care processes, concentrating on its
contribution to organizational performance. It also aims to
identify elements for a further research agenda.

Methods

We carried out areview of papersfrom three bodies of literature:
medical informatics, health care management, and medicine,
with particular reference to oncology journals. Thefirst step of
our research strategy (Table 1) was aimed at identifying and
collecting al existing studies on the evaluation of mHealth's
performance in cancer and cancer supportive care. We started
by identifying a number of keywords and entered them in our
selected computerized bibliographical databases, resultingin a
total of 1698 papers, including 106 that were relevant in terms
of mHealth and performance and were used for our assessment.
We then narrowed down this result to cancer supportive care,
leading to atotal of 67 papers, including 15 that were useful for
our analysis.
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We subsequently used a “bibliographic network approach” to  published after 1999 in academic reviews and journalsthat were

track the articles in the references in the works we considered

not listed in the database at the time of the analysis, but which

fundamental for our research. We retrieved papers and studies  were known among academics.

Table 1. Research strategy to identify and collect relevant studies.

Search strategy

Detailed information

Keywords

Databases

Specific journas

Inclusion criteria

Exclusion criteria

Generic search using concept words: “mHealth”, “cancer”, “quality of life’, Specific searches: “mHealth” (mHealth OR
mHealth OR “mobile health” OR “mobile health care”) + “cancer” (cancer OR “cancer care” OR “cancer supportive care”
OR “supportive carein cancer” OR “chemotherapy” OR “side effects’ OR “adverse effects’ OR “integrated care” OR
“cancer integrated care”) + “Quality of life” (“quality of life” OR “quality of service” OR “quality of care” OR “hedlth
care delivery” OR “health care management” OR “ care management” OR “health policy” OR promises OR “ continuity
of care” OR “lean health care” OR “lean health care” OR “lean thinking” OR “patient-centered”) + “performance” (“per-
formance” OR “evaluation” OR “impact” OR “assessment” OR “return” OR “promises’ OR “adoption”)

BioMed Central, Business Source Complete, |EEE Xplore, PLOS (One, Medicine and Clinica Trias), PubMed, Science
Direct, Web of Science (which embeds Elsevier, Wiley, IMIR, JAMIA), Cochrane Library

JAMIA, IMIR, BMJ, Health affairs, Health care management review, Health Policy, Health Policy and Technology, Value
in Health (ISPOR), Journal of Cancer Policy, Academy of Management Journal, Journal of Management studies, Journal
of Health Economics, Health economics, Canadian Medical Association Journal, Health Informatics Journal, Journal of
Clinica Oncology (ASCO), Annas of Oncology (ESMO), Supportive Care in Cancer (MASCC), European Journal of
Cancer (published by Elsevier, officia journa of EORTC, ECCO, EACR and EUSOMA), Critical Reviews in Oncology
and Hematology (ESO), Health Services Management Review (EHMA), IEEE Journal of Biomedical and Health Infor-
matics, | EEE Transactions on Information Technology in Biomedicine, Journal of Biomedica Informatics

Peer-reviewed published articles
Published since 1999

Grey literature (blogs, newsletters, videos)
Provisional or structured abstracts

Poster sessions, presentations, comments, opinions, discussions, editorials, prefaces, summaries, interviews, correspondence,
tutorials

Studies focused only on (1) design of the device or the app, (2) technology (communication and Web protocols, standards,
platforms), and (3) characteristics of the technology (eg, wireless technology, bandwidth, battery life, connectivity, signa

quality)
Studies on psychology, ie, behavioral models and theory of psychology
Studies on definition of new quality of life measurements as influenced by the technology

Studies set in low resource settings or devel oping countries, except when talking about implementation of new technologies
in low resource settings (sustainability, etc)

Studies where mobile health means mobile clinics or mobility of professionals or mobile screening units
Studies or articles with no author

Studies or articles with no abstract

Results

“income-classes’: high, medium, and low income. Most studies
referred to high income countries (61%, 28/38 papers) and less

Perfor mance of mHealth

Study Characteristics

Our first finding is that there is a very limited amount of
literature on mHealth’s performance. Our analysisrevealed that
only 35.8% (38/106) of our selected paperslooked at mHealth's
performance in some way, as most of the studies focused on
the use of mHealth, and less on adoption and its determinants
and barriers.

More frequently, studies offered an assessment of the
performance of technology rather than an evaluation of the
contribution to organizational performance and the quality of
life of patients. According to the categorization provided by the
World Bank [8], countries can be classified according to three

http://www.jmir.org/2015/2/e9/

to low income (8%, 3/38 papers) and middle income countries
(5%, 2/38 papers). We should mention that 13% of papers
referred to different type of countries (5/38 papers) and 13%
(5/38 papers) of our selected studiesdid not refer to any specific
country or region (Figure 1) since their contribution was based
on aliterature review with no specific reference to any country.

Most paperswere empirical in methodology (about 73%, 28/38
papers) (see Figure 2). Other specific methodol ogieswere used,
sometaking amore qualitative research design, such asliterature
review, case studies, tool description, and focus groups.
However, most were based on more quantitative designs, like
randomized controlled trials, systematic reviews, surveys, and
pilot studies.
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Looking in grester depth at the health condition under analysis
(Figure 3), only 5% (2/38 papers) of the papersfocused on acute
care, 18% (7/38 papers) did not focus on any specific condition,
and the majority of papers (77%, 29/38 papers) looked at chronic
care. Chronic care includes cancer and cancer supportive care,
which accounted for 37% (14/38 papers) of the papers on
performance in our analysis, as well as several other diseases,
such as asthma, diabetes, and obesity.

Figure 1. Type of country.

—

Figure 2. Methodology of studies.
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Looking at the type of mobile technologies analyzed relating
to performance, 61% (23/38 papers) of papers discussed mobile
devices (like smartphones and tablets) and apps, 18% (7/38
papers) remote monitoring technologies, 37% (14/38 papers)
SMS technologies, and only 3% (1/38 paper) focused on
telehealth (Figure 4). We should mention that some papers
referred to several types of mobile technologies.
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Figure 3. Health condition.
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Evaluation of mHealth’s Performance

The assessment of mHealth’s performance is based on the use
of multiple measures. It is mainly measured in terms of better
quality information [3,16,17,28-30]. Baumgart anayzed
information-sharing, showing that the quality of information
increased for certain activities as a result of using PDAs and
tablets, such ashilling, prescription writing, medical calculation,
scheduling, and drug reference [31]. A study by Hamou et a
showed that using mobile technologies for collecting patient
data and feedback could promote better information when used
inaclinical setting [20].

Another measure of performance often analyzed is cost savings
[25,32,33]. A report by Boston Consulting Group and Telenor,
for example, analyzed the role of mHealth in homecare for the
elderly [34]. According to this report, costs savings for caring
for the elderly varied in three different countries, with amounts
ranging from €1.25 billion in Denmark to €2.4 hillion in
Sweden.

Other studies have shown that mHealth may make patient
assessment more straightforward and less time consuming
[17,35,36]. Some studies examined mHealth’'s performance
with respect to improvements in medical treatment adherence
rates [37,38] and consequent re-hospitalization rates [39-41].

http://www.jmir.org/2015/2/e9/
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Other papers studied the quality of service [42-44], but they
often had a specific and narrow scope of mHealth use (eg,
mHealth offers patientsimproved mobility and comfort thanks
to wireless technology) [45]. Some papers analyzed mHealth’s
performance by looking at the enhanced monitoring of patients
that also led to better disease management [46].

Using mobile technologies to collect up-to-date data can help
patients regain functional independence and help hospitals
determine the appropriate length of stay for a patient [47] and
thus help cut the cost of hospitalization [25]. Finaly, some
studies have shown that health care communities created via
mHealth can enhance quality of life by providing peer support,
whereby patients are able to exchange opinions with regard to
acertain drug, physician, therapy, or share personal experiences
[27,48].

Discussion of Findings

Although there is not necessarily a common assessment of the
measures of performance to be found in literature, they can be
grouped into main dimensions based on other studies assessing
innovation and technological innovations[49,50]. For instance,
papers that measured performance in terms of the quality of
information, cost savings, and time savings actually focused on
efficiency measures[21]. Other studies related to effectiveness
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[39,51], and some of these focused on dimensions of
organizational performance from the health care provider's
viewpoint. In particular, the focus was on cutting
re-hospitalization rates or other indirect effects associated with
improved integration of health care. With regard to
effectiveness, another limited body of research focused on
quality of service. Finally, very few papers analyzed clinical
effectiveness in public health [26] and the role of mHealth for
enhancing quality of life [26].

In particular, research considering quality of life focused on a
single dimension, that is, enhancing the social relationships of
patients. However, quality of life was typically associated with
other dimensions, like aperson’s physical health, psychological
state, level of independence, personal beliefs, and loca
environment [52].

Performance of mHealth in Cancer Care

We subsequently studied papers assessing the performance of
mHealth in cancer supportive care. Unfortunately, there were
very few papers on this important care process (5.6% of total
papers, 6 papers), and so we extended our analysis to include
all papers assessing mHealth's performance in cancer care.

Nasi et al

These studies were mainly empirical, and most of them
identified similar measures of performance (Figure 5).

First, the dimensions discussed above must be defined [53].
The framework consists of four performance dimensions:
efficiency and effectiveness, which are output measures, and
clinical effectiveness and quality of life, which are outcome
measures.

Efficiency focuses on the evaluation of mHealth in terms of
quality of information, time saving, and cost savings.
Effectiveness is related to the contribution that mHealth gives
to the process of integration and improvement of patient care
processes, evaluated from the health care provider’s perspective.
To thisextent, this dimension can be divided into two measures,
namely organizational performance and quality of service.

Clinical effectiveness deals with the evaluation of the effects
produced on clinical activities, such as improvements in the
adherence rate to medical treatment. Finally, quality of life
measurements refer to the evaluation of mHealth in terms of
physical and psychological state.

Figure 6 shows the different measures of performance of
mHealth in cancer care grouped by these dimensions.

Figure 5. mHealth performance in cancer and cancer supportive care: empirical studies.
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Figure 6. Dimensions and measures of mHealth performance in cancer care.
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Most papers focused on better quality information with respect
to efficiency [4,54]. A 2001 study, for example, found that many
clinica proceduresrelating to patient management are repetitive
and Workflow Management Systemsfor oncology can automate
these repeated activities by using mobile applicationsto transfer
data services, like remote monitoring. Workflow implies the
automation of business processes in order to promote the
transition of information within the organization and can enable
health care institutions to transform large amounts of medical
datainto contextually relevant clinical information [28].

Literature on mHealth’s performance in cancer analyzed other
measures of efficiency, including cost savings [2,54] and time
savings [54,55]. Holzinger analyzed the impacts of a new
method for collecting skin cancer data [54]. Patients filled out
aquestionnaire on atablet personal computer, and the medical
data collected became part of the el ectronic patient record made
directly availableto physicians. The author found thisinstrument
generated annual savings worth up to €40,000 compared to the
estimated annual cost of €55,000 if mHealth were not used.

Holzinger's research [54] also showed another measure of
efficiency, that is, time savings. His study actually found data
indicating up to 90% reduction in the time needed for dataentry.
This may be particularly significant if mHealth can make it
possibleto savetime by sharing information generated by central
hospitals located in big cities with remote care centers [55].
Furthermore, ready access to patient data by means of mobile
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devices and technologies can lead to a significant reduction in
medical errors.

Effectiveness

Quality of service is one measure of effectiveness [56-58].
Lamber et al showed how mobile technologies can help monitor
oncological patients during day hospital therapies if a mobile
serviceisanintegra part of the hospital’s information system.
This instrument guides patients at hospital by means of a
“patient guidance service” telling them what they have to do
next [56].

Many papers, however, focus on better monitoring, especially
those related to cancer supportive care [5,23,59]. For example,
Kearney evaluated the impact of a remote monitoring system
based on mobiletechnology assessing the effects of six common
side effects of chemotherapy [23]. In the same way, Mooney
tested the feasibility of atelephone-based computerized system
used for monitoring chemotherapy symptoms by generating
alertsto health care providers [59]. More specifically, Mooney
illustrated the useful ness of mHealth for assessing less common
symptoms that are usually poorly controlled.

Clinical Effectiveness

Clinical effectiveness seems to be mainly related to the
appropriateness of care, often measured through the adherence
rate to medical treatment [26,60]. Heinrich evaluated the use
of handheld devices that provide electronic reminders for
medication to a sample of adults suffering chronic illness[26].
Moreover, adherence to medical treatment may be improved
through a software app developed for a mobile phone platform
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to support regular and correct drug intake, also leading to better
disease management [60].

Quality of Life

Finaly, quality of life is a poorly investigated dimension of
performance with specific reference to cancer. We found only
two papers assessing this dimension, which examined severa
chronic conditions, including cancer [51,61]. They discussed

the contribution of mHealth to a patient’s health and behavior
in general terms.

Discussion

Principal Findings

This paper helps investigate the performance of mHealth, with
particular reference to mHeath in cancer supportive care.
Although there is abundant literature on mHealth, it is lacking
with regard to mHealth’s performance, especially in relation to
cancer and cancer supportive care. Most mHealth studiesfocus
more on the mobile technol ogy itself, rather than on itsadoption
and performance, as confirmed by Van Heerden et a [62].
However, introducing systemslike mHealth for managing health
care-related information is not limited to technology, since it
demands the capacity to integrate technology, people, and
processes.

Most papers that we reviewed focused on the use of mHealth,
some looked at the performance of mHealth, and very few
papers looked at the determinants of mHealth. The papers on
the early stages of the innovation process actually focused on
pilot projectsrarely leading to wide-scale adoption. Pilot studies
have been carried out, and mobile apps have been devel oped
and tested on specific contexts. According to Tomlinson et al
[63], there are more than 500 mHeal th studies on pilot projects,
but aimost nothing is known about the likely uptake of these
initiatives after the pilot projects are completed. As aresult, it
is clear that there are huge scaling-up problems.

If we have to determine whether mHealth can actually meet its
promise, our analysisfound very limited evidence when it comes
to mHealth in general and its contribution to better quality of
life. Research is almost always based on single studies and on
asingle dimension of return. For example, papers often do not
analyze efficiency, but focus on cost- or time savings. Any
evaluation of the performance of mHealth is based on very
different methods and measures, with a prevailing focus on the
quality of information. This fails to consider the contribution
that mHealth may offer to improving the performance of health
care providers, health care systems, and to quality of life in
general.

Technically, there is little evidence of evaluation processes
based on structured, solid, consistent, and mature methodol ogies.
Furthermore, the evaluations were not part of larger and more
extensive performance measurement processes, starting with
defining goals for mHealth supporting a given health care
process, cancer care processes in particular, and then
systematically and continuously analyzing what happens next.
This approach to evaluation is crucia because effects may not
necessarily be evident immediately after the introduction of
innovation; evaluation should be monitored over time to allow
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for effects that become visible in the short, medium, and long
term.

The existing literature also usually involved a single specific
stakeholder, whereas our vision takes in multiple types of
stakeholders [64,65] working in this specific field, who all
perceive benefits resulting from their involvement. Thus, all
these benefits should be analyzed.

Possible Future Research Agenda

Overview

This paper isapreliminary study that analyzesthe performance
of mHealth in cancer supportive care. To date, there is limited
published research in this field. Consequently, we identified
some areas for further research.

Systematic Review of Definitions for the Evaluation of
mHealth’s Performance

A first substantial contribution to assessing mHealth’s
performance would be a systematic assessment and review of
the current definitions of the scope and boundaries of the
evaluation processes. In the private sector, a substantial body
of empirical and theoretically informed research has led to
discussion on return of investment measures and key
performance and success indicators. A main motivation for
evaluation is the need to monitor profitability results, in turn
providing an incentive for further innovation in order to cut
costs and improve market share, which fitsthe purpose of some
higher-income countries with private headth care systems.
However, the adoption of mHealth is generally supported for
more general purposes, such as improving the efficiency,
productivity, and adequacy of care services. This leads to
benefits going beyond organizational results, with more
social-related outputs and outcomes, and impacts such asquality
of life.

Development of Solid Frameworksto Measure the
Performance of mHealth

Thereisaprevailing focus on empirical studies, each adopting
its own measures of performance. Theoretical studies should
be carried out in order to better understand the performance of
mHealth. There is a need to develop and consolidate more
systematic frameworks since most studies focus on single
measures of performance, although we grouped them into
dimensions, with the aim of providing measurement systems
of mHealth performance. This is fundamental for depicting
results and for creating opportunities for comparing evidence
and generalizing findings.

Multi-Stakeholder Expectations and Multi-Stakehol der
Assessment of mHealth Performance

mHealth isatechnol ogical innovation that could affect multiple
stakeholders. This has at least two implications for a research
agenda. First, it suggests an investigation of the expectations
of stakeholders with the purpose of prioritizing mHealth
adoption wherethereisaneed for it. Thismay lead to favorable
and supportive opinions relating to the adoption process and to
theidentification of mechanismsto generate value and stimulate
commitment towards mHealth. Second, evidence regarding the

JMed Internet Res 2015 | val. 17 | iss. 2 [e9 | p.318
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

expectations of stakeholders should be considered in order to
set goals and define targets for results that should be reflected
in the measurement frameworks.

Systematic Performance Measurement Cycles

Most studies analyzed were based on empirical work on pilot
projects and tests of mHealth adoption. Evidence [63] suggests
that thisdoes not alwayslead to wide-scal e adoption. Literature
on performance measurement [49,50] suggests that evaluating
innovation performance should be an ongoing activity. Not all
effects of mHealth embedded in a care process may be
measurable at the same time. Most technological innovations
produce multiple effects at different times after adoption [66-68],
S0 it seems relevant to systematically and repeatedly collect
data on the impacts of this innovation.
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Methods

Some studies [43,59] are based on perceptions and limited
interviews. Further research should address the question of
methods that are more fit for purpose.

Finally, it seemsappropriateto link the evaluation of mHealth’s
performance to the scope and use of mHeath. This might
provide an honest assessment of the actual contribution that
mHealth can offer.

Conclusions

Our analysis revealed that studies evaluating the performance
of mHealth are based on very different methods and measures,
with aprevailing focus on issues linked to efficiency. Thisfails
to consider the real contribution that mHealth can offer for
improving the performance of health care providers, health care
systems, and the quality of life for patients.
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Related Article:

Correction of: http://www.jmir.orq/2014/1/e2/

(J Med Internet Res 2015;17(2):€32) doi:10.2196/jmir.4272

Theauthorsof “ The Psychometric Properties of CollaboRATE:
A Fast and Frugal Patient-Reported Measure of the Shared
Decision-Making Process’ (http://www.jmir.org/2014/1/e2/)
have overlooked an error in the Methods section during the
submission process. The sentence “We administered 2 different
response scales to examine their psychometric properties
separately. CollaboRATE-10 was a 10-point anchored scale,
ranging from O (no effort at all)” should have been “...ranging
from 0 (no effort was made)”. This change is also needed in:

“CollaboRATE-5 was a 5-point Likert scale, with responses of
0 (no effort at all),” to read “...with responses of O (no effort
was made)”. These errors have been corrected in the online
version of the paper on the IMIR website on February 6, 2015,
together with publishing this correction notice. A correction
notice has been sent to PubMed and the correct full-text has
been resubmitted to Pubmed Central and other full-text
repositories.
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