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Abstract

Background: Stressiscommonly experienced by many people and it isacontributing factor to many mental and physical health
conditions, However, few efforts have been made to develop and test the effects of interventions for stress.

Objective: Theaim of this study was to examine the effects of a Web-based stress-reduction intervention on stress, investigate
mindfulness and procrastination as potential mediators of any treatment effects, and test whether the intervention is equally
effective for females as males, all ages, and al levels of education.

Methods: We employed arandomized controlled trial in this study. Participantswere recruited online via Facebook and randomly
assigned to either the stress intervention or a control condition. The Web-based stress intervention was fully automated and
consisted of 13 sessions over 1 month. The controls were informed that they would get access to the intervention after the final
datacollection. Datawere collected at baselineand at 1, 2, and 6 months after intervention onset by means of online questionnaires.
Outcomes were stress, mindfulness, and procrastination, which were all measured at every measurement occasion.

Results: A total of 259 participants were included and were allocated to either the stress intervention (n=126) or the control
condition (n=133). Participants in the intervention and control group were comparable at baseline; however, results reveal ed that
participants in the stress intervention followed a statistically different (ie, cubic) developmental trajectory in stress levels over
time compared to the controls. A growth curve analysis showed that participants in the stress intervention (unstandardized beta
coefficient [B]=—3.45, P=.008) recovered more quickly compared to the control group (B=-0.81, P=.34) from baselineto 1 month.
Although participants in the stress intervention did show increases in stress levels during the study period (B=2.23, P=.008),
long-term stress levels did decrease again toward study end at 6 months (B=—0.28, P=.009). Stress levels in the control group,
however, remained largely unchanged after 1 month (B=0.29, P=.61) and toward 6 months (B=—0.03, P=.67). Mediation analyses
showed nonlinear (ie, cubic) specific indirect effects of mindfulness and a linear specific indirect effect of procrastination on
stress. In simple terms, the intervention increased mindfulness and decreased procrastination, which was related to lower stress
levels. Finally, the effect of the stress intervention was independent of participants gender, age, or education.

Conclusions: The resultsfrom this randomized controlled trial suggest that a Web-based intervention can reduce levels of stress
in anormal population and that both mindfulness and procrastination may be important components included in future eHealth
interventions for stress.

Trial Registration: International Standard Randomized Controlled Triad Number (ISRCTN): 25619675;
http://controlled-trials.com/| SRCTN 25619675 (Archived by Webcite at http://www.webcitation.org/6FxB1gOKY)

(J Med I nternet Res 2013;15(4):€84) doi:10.2196/jmir.2570
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Introduction

Symptoms of stress, such asfatigue, mood changes, and muscle
pain, are very common in the genera population. More than
90% of the Norwegian population reported having several such
symptoms during the past 30 days [1]. According to an
international survey, approximately 75% of the general
population in developed countries report feeling stressed on a
daily basis[2]. Furthermore, the most recent Stressin America
survey conducted by the American Psychological Association
[3] showsthat morethan half of the American population report
that they recognize when they are feeling stressed; however,
lessthan 1 in 3 report successfully managing their stresslevels.

For most people, stress may be perceived as such a minor
problem that it does not require any treatment seeking or
professional assistance [4]. However, major savings in health
care costs can be achieved by reducing stress levels or
eliminating some of the subjective health complaints. Although
the psychobiological mechanisms remain elusive, stress is a
risk factor for a wide range of mental and physical health
problems, such as cardiovascular disease [5], diabetes [6], and
depression [7]. In fact, of all the health conditions predicted by
the World Health Organization as having the greatest disease
burden by 2030 [8], many have a common contributing
underlying factor of stress as either causing or exacerbating
disease. Moreover, as many as 40% to 50% of work-related
illnesses arerelated to stress[9,10]. Consequently, it isimportant
to reduce stress in the general population, but this requires
scalable interventions with a potentially high reach.

Systematic  reviews demonstrate that  face-to-face
stress-reduction interventions are effective for reducing stress
and various health problems [11-14], but their scalability is
limited. On the other hand, eHealth interventions have the
scalability potential to reach the general population; however,
only asmall number of studies havefocused on stressreduction.
Research has mostly focused on posttraumatic stress [15] or
stress as a component in interventions primarily aimed at other
health problems, such as diabetes [16] or alcohol use [17].

Web-Based Stress-Reduction I nterventions

Most eHealth interventions for stressin the general population
have been evaluated in workplace settings and have shown
varying results. The earliest studies have documented
intervention effects for anxiety and depression [18], stress
responses and job satisfaction [19], and beneficia
psychophysiological effects on stress[20]. More recent studies
have failed to find any effects on stress [21,22], and a few
studies that compared Web-based versus therapist-supported
stress management interventions demonstrated only short-term
and small effects on stress [23,24].

Studies outside of the workplace setting have shown more
uneguivocal results. Two studies reported improved outcomes
for Web-based family or parental stress interventions [25,26],

http://www.jmir.org/2013/4/e84/

whereas 2 other studies found reduced health distress among
participants with various chronic diseases [27,28]. Another
study that recruited participants through the Internet and
newspaper articles also observed greater improvementsin the
treatment group [29].

A few studies have also evaluated the impact of stress
management as an add-on component to existing eHealth
interventions. These studies, however, showed varying results
just like Web-based stress-reduction interventionsin workplace
settings. Christensen et al [30] did not find any additional
contribution of stressreduction for depression, whereas Richards
et a [31] found only short-term effects of adding stress
management for panic disorder. Prochaska and colleagues[32]
demonstrated that the add-on of atailored component to a brief
health risk intervention increased the number of participants
that were effectively managing their stress.

M echanisms of Change

One reason why findings on Web-based interventionsfor stress
are inconsistent, may be the “black box” phenomenon, or lack
of understanding as to how and why some interventions work
or do not work. Therefore, it isimportant to investigate therole
of potential mediators and moderators of treatment effects. In
this study, the Web-based stress-reduction intervention made
use of 2 central intervention components—mindfulness and
procrastination—both of which are associated with stress.

Mindfulnessinvolves being in the present moment and accepting
thoughts and feelings as they occur in a nonjudgmental way
[33]. A meta-analysis has shown that mindfulness can have a
broad range of health benefits[34] and that mindful ness-based
stress-reduction interventions are generaly effective [12]. It
appears that mindfulness mediates the effect of interventions
on stress [35] and it is associated with higher levels of
self-regulation [36] which can facilitate deliberate actions to
regulate behavior [37] and lessen avoidant coping [38,39]. The
latter is a form of procrastination that is characterized by a
voluntary extension of the temporal sequencing between an
intended course of action and goal-directed behavior, despite
on€e’s expectation of being worse off than before the delay [40].
Numerous studies have shown the negative effects of
procrastination, including its relationship to stress [41].
According to the procrastination-health model, procrastination
creates unnecessary stress and delays the onset of hedlth
promoting behaviors[42]. It isastrategy that bringsimmediate,
albeit temporary, relief from unpleasant or distressing events
[43], but ultimately the event remains unresolved.

Tempora dimensions are clearly important to mindfulness,
procrastination, and stress, although few theories explicitly
specify changes that occur over time or time as a cause of
changes in any of these constructs. For example, the key
characteristic of mindfulness is a temporal orientation at the
present moment that requires a temporal and attentional shift
to astate of awareness. However, thetemporal course of changes
in mindfulness has not yet been fully explored. Studies on
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procrastination, on the other hand, have indicated that
procrastinators experience less stress early on, but more stress
closer to a deadline as compared to nonprocrastinators [44].
More recent studies have investigated temporal changes in
procrastination using growth curve approaches, and most suggest
that procrastination is characterized by ahyperbolic or quadratic
function [45]. It is also reasonable to assume that the
development of stress changes over time. Daily hasslesor acute
experiences of stress (ie, meeting a deadline, car trouble, or
negative affect) that typically affect a person within hours on
the same day of occurrence, are highly transient and rarely affect
a person the next day as major stressful life events [46]. Thus,
modeling time as an independent variable is important and
allows one to represent change or the dynamic relationships
between variables, although it remains elusive as to what kind
of developmental tragjectories one can expect over the course of
time in intervention settings.

M oder ating Effects on Stress

In addition to identifying mechanisms of change over time, one
may expect variations in intervention efficacy among
participants (eg, not al participants improve). Thus, it is
interesting to identify participants who benefit the most or
participants for who the intervention shows contraindications.
For example, the effects of the Web-based intervention on stress
responses and job satisfaction, as mentioned previously, were
shown particularly effective among males and younger
employees [19]. In terms of stress, demographic differences
between participants, such as gender, age, and education, can
be expected to have varying intervention effects. Thereason is
that there are demographic differencesin stress and how people
manage their stress. In general, women report higher levels of
stress compared with men [47]. This can be due to women's
multiple roles [48] or the fact that the roles (eg, caregiving)
typically assigned to women are stressful [49]. When it comes
to age, peopl e use more problem-focused coping strategies and
less avoidance coping strategies as they grow older [50,51].
People aso develop the ability to self-regulate emotions when
dealing with stressastheir ageincreases[52]. Thismay explain
why researchers have found that adultsin their 20s report more
perceived stressthan thosein their 50s[53]. But with education,
the pictureislessclear. A recent large survey demonstrated that
work-related stress is associated with higher education [54],
whereas previous studies have shown that lower education isa
risk factor for stress [55,56].

Aims of the Study

This study aimed to test whether treatment was predictive of
participants’ initial status and different trajectory changes in
stress across time. Firgt, it was hypothesized that participants
in the Web-based stress-reduction intervention would exhibit
lower stress scores at the end of the treatment compared to the
beginning, as measured by log server registrations. Second, it
was hypothesized that the intervention would reduce levels of
stress as measured by online survey data over a period of 6
months as compared to a control group. The control group was
expected to remain at approximately the same stress level
throughout the study period. Third, the effect of theintervention
was expected to be, at least, partially mediated by mindfulness
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and procrastination over time. Finally, the effect of the
intervention was examined with respect to moderating effects
of gender, age, and education on the treatment effect on stress
over the study period.

Methods

Design

The study was a randomized controlled trial consisting of 2
groups to test the effectiveness of a Web-based stress
management intervention. Participants were randomized either
to thefully automated Web-based Less Stress (L S) intervention
or a waitlist control group to test for the natural course of
participants' levels of stress. No unexpected events occurred
after the commencement of the intervention (eg, bug fixes,
downtimes, email delivery service failures, content changes).
Participantsin the control group received the intervention after
the final data collection. The trial received its ethical approval
by the Norwegian Social Science Data Services (reference
number: 26816).

Participants and Recruitment

The study was a Web-based trial without any face-to-face
components as part of the recruitment procedure, intervention,
or follow-up. Participants were recruited online through a
master’s student’s social network on Facebook. In total, 320
first-degree contacts were invited to participate and forward the
invitation to their network (ie, vira recruitment).

Potential participants clicked on alink posted on Facebook and
were redirected to an external website containing study
information and a consent form. Participants had to confirm
that they had read the study information and submit theinformed
consent before they could proceed to the Web-based baseline
guestionnaire. Eligible participants were implicitly required to
(2) read and understand Norwegian, (2) explicitly state that they
were 18 years or older, and (3) fill in their email address.

A total of 326 participants were assessed for eligibility.
Sixty-five (19.9%) participants did not provide a (valid) email
address, and 2 (0.6%) participants reported being younger than
18 years. These 67 (20.6%) potential participantswere excluded
before randomization. Thefinal sample sizethat wasrandomized
consisted of 259 participants.

Randomization

Every participant had an equal probability of being assigned to
either the LS or control group. The alocation ratio was set to
1:1 and a series of zeros and ones were generated for each
participant using a random integer generator [57]. Because
recruitment was carried out through a private and social online
network and participants were potentialy identifiable through
their email addresses, another research member on the team
conducted the randomization procedure. Thiswas doneto avoid
experimenter biases interfering with the randomization. As an
extra precaution, email addresses were concealed during
randomization.
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Intervention

The LS intervention is a fully automated and Web-based
intervention developed for people who feel stressed or
experience a lot of negative emotions (for screenshots, see
Figure 1). Its objective isto have userslearn about stress, build
awareness of sources of stress, and prevent or manage prolonged
or high levels of stress. LS uses an eclectic approach and
includes evidence-based information and exercises that have
been documented to be directly or indirectly effective for stress
management, such as mindfulness [12] and metacognitive
exercises[58]. TheLSintervention consists of 13 sessions over
a period of 4 weeks. Every Monday, Wednesday, and Friday,
users receive an email with aunique hyperlink. By clicking on
the hyperlink, users are directed to a sequence of Web pages
that are unique for that particular session. Every session is
designed to take approximately 10 minutesto complete. It isa
prerequisitethat the user completes a session successfully before
proceeding to the next session. In this way, the user proceeds
through a predetermined therapeutic chronology of sessions
with restricted degrees of freedom (ie, tunneled design). For a
demonstration, see [59].

Each session contains 2 components. The first component is
psychoeducational and addresses some stress-rel ated topics (see
Table 1). The second section provides users with techniques,
exercises, and homework designed to address the particular
topic presented in the psychoeducational section.
Psychoeducational information is presented by a young male
agent, whereas tasks and exercises are presented by a young
female, both accompanied by text designed in such away “as
if they weretalking”. The role of the personal computer agent
equalsthat of adomain expert that guides the user. In thisway,
knowledge and information are represented in a form that is
presumably similar to that of a human therapist or expert. Text
is presented in short sentences and with a limited amount of
text per Web page (approximately 80 words). Techniques and
exercises often include audio files (eg, guided instructions for
mindful ness exercises) and are often given in the form of home
assignments (eg, keep postponing worries to a scheduled time
of the day). See Table 1 for a more thorough overview of the
contentsin LS.

Data Collection and M easures

Data were collected at baseline (ie, preintervention), and at 1,
2, and 6 months postintervention by means of Web-based
surveys. Participants were given 2 weeks to register their
responses at each measurement occasion. A reminder email was
sent to all nonresponders after 1 week. Log server registrations
were also used to collect data on participants in the LS
intervention and extracted at the final data collection at 6
months.

Stress was assessed by the stress subscale of the Depression
Anxiety and Stress Scale (DASS-S) [60] at every measurement
occasion. The DASS-S is a 7-item measure that assesses the
severity of the core symptoms of tension (ie, stress) in the past
7 days devel oped for use with population samples (eg, “I found
it difficult to relax™). In the current study, the Cronbach alpha
coefficients were .87, .89, .90, and .89 for baseline, 1, 2, and 6
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months, respectively. The DASS-S was the primary outcome
for the main analyses.

Stresswas al so assessed in the L Sintervention by means of log
server registrations as part of theregular intervention. Thisscale
(constructed by the intervention designers by compiling items
from several stress measures) consisted of 20 items, such as“I
often feel | have too much to do” and “I often set too high
personal goals” measured on a5-point Likert scale (1 = strongly
disagree, 5 = strongly agree). The Cronbach alphas were .92
and .93 in sessions 1 and 13, respectively.

The Mindful Attention Awareness Scale (MAAYS) [36] assesses
thefreguency of being aware of what is occurring in the present
moment at each repeated measurement. The MAASisa15-item
scale that was reduced to 10 items for this study. One item was
dropped (“...do jobs or tasks automatically, without being
aware...”) because it was very similar in Norwegian language
to another item that was retained (“...running on automatic,
without much awareness...”). Four other items were dropped
because the intervention was not developed to tap into these
(ie, breaking things, forgetting a person’s name, mindless
snacking, and excessive goal focus). The Cronbach alphas in
this study were .90, .91, .93, and .92 for each measurement
occasion from baseline throughout 6 months, respectively.

Procrastination was measured by the procrastination subscale
of the Melbourne Decision Making Questionnaire (MDMQ-P)
[61] at each measurement occasion. The MDMQ-Pisa5-item
measure of the tendency to avoid decision making (eg, “When
| have to make a decision, | wait along time before starting to
think about it"). Its Cronbach a phaswere .92, .92, .93, and .94
for baseline, 1, 2, and 6 months, respectively, in this study.

Statistical M ethods

An alphalevel of .05 was chosen for al tests and all tests were
2-tailed. To check for baseline differences between groups, t

testswere used for scales and chi-square (x?) testsfor categorical

data. All x? tests that were based on a2 x 2 contingency table
applied the Yates' continuity correction.

Normality was assessed by means of skewness, kurtosis, and
inspection of histograms, with plotted normality curvesasvisual
aids, separately for each treatment group. Skewnesswas <1.43
for the LS group and <1.04 for the control group. Kurtosis was
<4.04 and <1.77 for the LS and control group, respectively.
This indicates moderate skewness and kurtosis; thus, it was
decided not to perform any transformations on data in interest
of interpretability.

There were no concerns about violation of homogeneity of
variance or variance-covariance matriceswith F,,,, ratios<1.25.
Two participants had excessive z scores of +3.29 (P<.001,
2-tailed test) on stress at 1 month in the imputed datasets 1
through 5; however, both participants were retained in the
dataset astheinfluence of outlierson mean scoreswaslessthan
1.11% after trimming the means by 5%. There were no
multivariate outliers as tested by the Mahalanobis distance (D)
separately for the LS (Dg<19.83) and control group (D,<13.72)
with P<.001.
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There were 113 (43.6%) participants that participated on all
measurement occasions; hence, many participants had missing
data. Thus, a 2-group multiple imputation (MI) procedure was
applied to construct 5 complete datasets for the main analyses
(ie, datawere imputed separately for the LS and control group)
[62]. Auxiliary demographic variables, such as gender, age,
education, and intervention adherence, were included in the
imputation model to avoid suppressed correlations. Intervention
adherence was included in the imputation model for the LS
group only. Otherwise, the imputation model was identical for
both groups.

Data were longitudinally nested within 2 hierarchical levels, in
which time was nested within participants and defined as level
1, wheresas participantswere defined aslevel 2. Level 1 variables
included the repeated measures of stress, mindfulness, and
procrastination, and were measured at baseline and 1, 2, and 6
months. Level 2 variablesincluded demographics and treatment
assignment, and were only measured at baseline. All continuous
predictors and covariates were centered on the grand mean
before modeling.

http://www.jmir.org/2013/4/e84/
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A series of multilevel models with maximum likelihood
estimation were run to analyze the main treatment effect,
multiple mediation, and moderation analyses. The overall fit of
the models was evaluated by the Akaike information criterion
(AIC) and-2loglikelihood (—2LL) on asmaller-is-better basis.
Moreover, comparison of nested models was also evaluated
formally by atest of differencesin —2LL over the differencein

degrees of freedom by using an ordinary x? distribution. A
significant difference indicates that the model with the lowest
—2L L value fits data better. Analyses were run in SPSSversion
20; however, SPSS does not provide pooled model fit indexes
in mixed models. Therefore, the median model fit indexes of
the 5 imputed datasets are reported. Finadly, a

pseudo-multivariate coefficient of determination (R?) was
calculated to account for the variation between participants in
the final main, mediation, and moderation models. Analyses
were also conducted separately with available case analysis.
Both procedures produced similar results; thus, only data for
the imputed sets are reported.
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Table 1. Overview of program sessions in the Less Stress intervention.

Drozd et al

Sesson  Description Psychoeducational content Techniques and exercises

1 Introduction Information about program, program structure, and atest
of stresslevels.

2 What is stress? How modern everyday life can affect our stress levels Mindful ness breathing exercise to help become
and explanation of stressasareactiontoreal or perceived grounded in the present moment. Homework:
threats to one's physical and mental well-being. Practice mindful ness breathing.

3 What makes you stressed?  Problem-focused vs emotion-focused coping for stress  Practical tipson taking care of your economy and
management. worry postponement.

4 Stress and emotions Debunking the myth of “positive stress.” A bit of stress  Mindfulness breathing exercise to help become
isnot dangerous, but all stressis essentially negativeand grounded in the present moment. Homework:
interlinked with negative emotions. practice worry postponement.

5 Physical activity, stress, and  Physical activity has an immediate impact on mood and Engage in physical activity. Practice detached

mood actsasabuffer against stress. Learning detached mindful- - mindfulness by means of the “ Cloudsin the sky”
nessasaway of relating to negative thoughtsand feglings.  exercise.

6 Causes of stress The difference of big stressors (eg, wedding, pregnancy, Strategiesfor dealing with everyday stressors: (1)
anew job) and everyday stressors or concerns (eg, noisy avoidance—avoid situationsthat cause you stress
neighbors, parking ticket, adreaded phonecall). Identify- or negative emotions; (2) change—if avoidance
ing everyday stressorsand finding waysto ded withthese. fails, adjust the situation such that the cause of

stress dissipates; and (3) reattribute—if changing
fails, think of the positives that come out of the
stressful situation.

7 Procrastination Procrastination as asource of stressif delaying all things Detached mindfulness. “Tiger task” exercise for
that are difficult or unpleasant, and how these thingscan relating to difficult or unpleasant situations,
grow into big stressors. thoughts, or feelings.

8 Why do we procrastinate?  Reasons why we procrastinate (1) lack of commitment, ~ Mindfulness: “Gong gong” exercise to help be-
(2) lack of motivation if goalsaredistant, and (3) anxious- come grounded in the present moment and rel ax-
ness. ldentifying personal reasons for procrastination. ing by focusing on an external sound.

9 Optimism Optimism leadsto less stress, but too much optimism (ie, Passenger train metaphor - alternative to the
being overoptimistic) can cause more stress. Bewareof ~ “Cloudsin the sky” exercise. Negative (and posi-
situations that require predicting how much timethings  tive) thoughts come and go, just stand by and
take and how much things cost; we almost alwaysunder-  watch your thoughts pass by.
estimate.

10 Work-related stress Explains the “demand, control, and support” model of  Find a balance between demands, control, and
work-related stress. support at work. Mindfulness: “Body scan” exer-

cise to increase bodily awareness of how oneis
doing and become more present in the moment
(ie, progressive muscle relaxation).

11 Time management Everybody has the same amount of time, but someare (1) Make 3 lists of activities you have to, ought

better at doing 1 thing at atime. to, and can do; (2) prioritize and organize each of
your lists; and (3) Start with the “haveto” list and
fill in with items from the “ought to” list. Still
timeto spare? Fill inwith itemsfrom the“ can do”
list without being overoptimistic.

12 Goa management Reassess your persona goalsand get rid of unredlistically Mindfulness: “Body scan” exercise to increase
high goals (eg, weight loss, career ambitions, personal  bodily awareness of how oneisdoing and become
appearance) that cause aconstant feeling of guilt or stress.  more present in the moment (ie, progressive

muscle relaxation).

13 Conclusionsand summary  Test of your stress level.
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Figure 1. Screenshots from the Less Stress intervention.
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Results participants in the intervention group discontinued study
participation or intervention. Most did not give any reasons for

Subject Characteristics disponti _nuation_, but a few peoplelmentioned reasons such as
. ) ) L mail delivery failure (n=2), lack of time (n=2), pregnancy (n=1),

The flow of participantsis depicted in Figure 2. A total of 259 5 extensive to participate (n=1), and too much to do at work
people were eligible for participation and randomized to either (n=1). Only 3 people provided reasons as to why they
the LS intervention or control group. A total of 34 (27.0%)  giscontinued the L Sintervention, ie, lack of time (n=2) and too
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extensive (n=1). Cumulative losses (ie, loss to follow-up on at
least 1 previousfollow-up) are shownin curly bracketsin Figure
2. Note that participants who discontinued the LS intervention
were approached for data collection, although 26 (76.5%) of
the 34 intervention dropouts were also lost to follow-up.

There were no significant differences between participants in
the LS and control group at baseline (Table 2). However, there

Figure 2. Flowchart of participants.
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were more women (76.0% vs 24.0% males, P<.01) and
participants with <1-3 years of college or university education
(59.1% vs 40.9% >4-5 years of college or university education,
P<.01) in the total sample. Most were not acquainted with the
recruiter (80.3% vs 19.7% acquainted, P<.01) indicating that
viral recruitment through Facebook was successful in reaching
participants beyond the researcher’s first-degree contacts.

Assessed for eligibility (n=326)
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Table 2. Baseline sample characteristics by group, Less Stress (L S) intervention and control.

Characteristic LS Control
(n=126) (n=133)

Gender, n (%) a

Men 31 (24.6) 30 (22.6)

Women 95 (75.4) 98 (73.7)
Education, n (%)

<1-3yearsin college or university 77 (61.1) 76 (57.1)

24-5 yearsin college or university 49 (38.9) 57 (42.9)
Age (years), mean (SD) 32.0(9.6) 33.2(9.9)
Acquainted, n (%) a

No 97 (78.2) 107 (80.5)

Yes 27 (21.4) 24(18.0)
Psychological variables, mean (SD) b

Stress 6.9 (4.7) 7.5 (4.7)

Mindfulness 34.1(8.2) 34.1(9.0)

Procrastination 18.3(7.6) 17.1(8.1)

3N umbers and percentages adjusted for missing values.

bHigher scores indicate higher levels of stress, mindfulness, and more procrastinating behaviors.

Attrition and Missing Data

The number of respondentsto the follow-up surveysin the total
sample were 152 (58.7%), 140 (54.1%), and 133 (51.4%) for
1, 2, and 6 months, respectively. The number of respondents
within the LS group was 62 (49.2%), 58 (46.0%), and 53
(42.1%) acrossthe 3 follow-up measurements, and 90 (67.7%),
82 (61.7%), and 80 (60.2%0) in the control group. Between-group

differences in dropout rates at 1-month (x21:8.4, P=.004),
2-month (x%=5.7, P=.017), and 6-month (x*,=7.8, P=.005)
follow-up, were significant. Hence, selective attrition is a
potential problem regarding the interpretation of levelsof stress
over the study period. Further, it turned out that the proportion
of missing data in the total sample ranged from 0% to 3.5% at
baseline and from 42.9% to 52.1% at follow-up (ie, missing
data due to item or wave nonresponse). Despite this, Little's
overall test of randomness indicated that the distribution of

missing datawas not predictablefor the LS group (x%45=172.2,
P=.06) and that data for the control group aso could be
classified as missing completely at random (x%,5,=158.3, P=.39).

Dueto these potential problems, the effects of selective attrition
on means, variances, and relationships among variables used
in subsequent longitudinal analyses of treatment effects were
assessed, following the procedure described by Goodman and
Blum [63]. Because there was little attrition in the study from
1 to 6 months, selective attrition was assessed on the basis of
study dropout from baseline to 1 month. The results showed no
mean differences between study dropoutsand stayers at baseline
(-0.59 < t <0.63, al P values =.53). There were aso no
significant differences in variances using the normal
approximation to chi-square [64] in the total sample to those

http://www.jmir.org/2013/4/e84/

who stayed (-1.91 < 2<0.36, all P values>.06). In other words,
selective attrition did not affect the means or variances.
However, testing the rel ationship among variableswith multiple
regression analyses on stress in the total sample and stayers
separately found gender to be a significant predictor of stress
at basdlinefor the total sample (unstandardized beta coefficient
[B]=1.40, P=.01), but not among stayers (B=0.63, P=.44). An
independent samplest test revealed that males (mean 5.4, SD
3.7) had lower stress scoresthan females at baseline (mean 7.7,
SD 4.8; t135=—3.96, P<.001). Despite that substantial study
dropout led to selective attrition, only the relationship between
gender and stress was affected. Thus, we can be confident that,
other than gender, participant attrition will not affect the results
in this study.

Intervention Use, Acceptance, and Effect

A total of 126 subjects were registered for the LS intervention,
of which 92 (73.0%) engaged with LS (ie, initiated use) and 47
(38.5%) completed all 13 sessions. On average, participants
completed 6.82 (SD 5.70) sessions and spent 1 hour and 6
minutes (SD 46) on LS. Time spent on L Swas bel ow estimated
time needed for optimal adherence per session (13 sessions x
10 minutes per session=2 hours and 10 minutes) as tested by a
1-samplet test (tg;=—13.27, P<.001).

Of the 49 (38.9%) participantsthat reported data on intervention
acceptance at 1 month, LS seemed well received among most.
Of these, 41 (83.7%) reported that they believed LSto be“ useful
tome” whereas 8 (16.3%) participants either disagreed or were
indifferent with LS being “useful to me.” Thirty-five (71.4%)
participants would recommend L Sto others, 10 (20.4%) would
neither recommend L Sto others or not, whereas 4 (8.2%) users
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reported that they would not recommend L Sto others. Moreove,
46 (89.7%) participants agreed that LS was “easy to use.”

Thefirst hypothesiswasthat participantsin the LSintervention
would have lower stress scores at session 13 compared to on
1, as measured by log server registrations. A paired-samplest
test showed that participants in the LS group had significantly
reduced their stresslevel from session 1 (mean 65.74, SD 13.71)
to session 13 (mean 51.91, SD 13.12; t,=7.54, P<.001) as
measured by the test of stress levels in the intervention. This
equals alarge effect size (Cohen’s d=1.10).

Main Effects Analysis

Tables 3 and 4 present the uncentered correlations among study
variables from level 1 (ie, repeated measures) and level 2 (ie,
participants), respectively. Separate correlation tables for level
1 and level 2 variables were included to avoid aggregation or
disaggregation of data. As can be seenin Table 3, all measures
of stress, mindfulness, and procrastination correlated
significantly at each measurement occasions (all P values<.002).

Table 3. Correlations among level 1 variables.

Drozd et al

Stress correlated negatively with mindfulness and positively
with procrastination, and mindfulness correlated negatively
with procrastination, as expected.

The main hypothesis concerned the comparison of trgjectories
in stress levels in the LS group and the control group. It was
expected that participantsin the LS group would reduce levels
of stress over a period of 6 months compared to the control
group, which would remain at approximately the same stress
level throughout. The main effectsfrom the multilevel regression
analysis of stresslevels are presented in Tables 5 and 6. Model
1 with the repeated measures only indicates that average levels
of stress vary significantly across participants and over time.
The intraclass correlation coefficient (ICC) was 0.34. This
means that 34% of the variation in stress levels is attributable
to interindividual differences. In other words, stress varies
(naturally) over timefor most participants; however, substantial
proportions of the variation in stress levels can be attributed to
differences between participants over time.

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

1. Stress baseline —

2. Stress 1 month 32 —

3. Stress 2 months .35 .35 —

4. Stress 6 months 40 .39 37 —

5. Mindfulness baseline -59 =27 -23 -26 —

6. Mindfulness 1 month -28 -53 -31 -3 4 —

7. Mindfulness 2 months -32 -41 -52 -3 42 .60 —

8. Mindfulness 6 months -27 =27 -26 -43 3 48 .53 —

9. Procrastination baseline 47 21 .23 22 -5%6 -26 -31 -32 —

10. Procrastination 1 month .26 .35 .20 .25 -28 —-47 -36 -45 49 —

11. Procrastination 2 months .29 .35 .36 .33 -33 -4 -51 —-46 48 .62 —

12. Procrastination 6 months 24 .35 24 .39 -25 -43 -39 -53 40 57 .61 —
Table4. Correlations among level 2 variables.

Measure 1 2 3 4

1. Treatment® —

2. Gender® -01 —

3.Age -06° -04 —

4. Education? —04 1° 07° —

#Treatment; 0 = controls, 1 = LS group.
bGender: 0= male, 1 =female.
®p<.05.

dEducation: 0 =<1-3 years of college/university, 1 = >4-5 years of college/university.
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Table 5. Results of functions of time on stress levels over six months.
Model 1 2 3 4
Treatment effects Est SE Est SE Est SE Est SE
Fixed effects
Intercept 6.31¢ 0.19 6.70 0.22 6.98¢ 0.26 7.204 0.26
Linear? -0.18¢ 0.05 -0.60¢ 0.22 —2.49¢ 0.66
Quadratic? 0.07 0.03 1.37 0.43
Cubic® —0.17¢ 0.05
Random effects
o2 within participants 10.89¢ 0.60 10.759 0.61 10.66¢ 0.61 10.449 0.58
o2 between participants 5.684 0.79
Intercept 6.46¢ 1.08 6.92¢ 1.09 7.05¢ 1.08
Intercept,
slope 021 0.16 -0.28 0.15 -0.31¢ 0.14
Slope 0.00 0.00 0.01 0.00 0.01 0.00
Model fit indexes
AIC 5708.19 5693.92 5692.41 5686.56
“2LL (X 5702.19 5681.92 5678.41 5670.56
R? (level 1) 0.01 0.02 0.04

3 inear; 0 = basdline, 1 = 1 month, 2 = 2 months, 6 = 6 months.
bQuadratic: 0 = baseling, 1 = 1 month, 4 = 2 months, 36 = 6 months.
CCubic: 0 = basdline, 1 = 1 month, 8 = 2 months, 216 = 6 months.
dp< 05,

A seriesof multilevel modelswith alinear, quadratic, and cubic
growth parameter were estimated separately to distinguish the
natural or normative development of stress over measurement
occasions from the treatment effect (ie, models 2-4 in Table 5).
The negative estimate of linear growth in model 2 doesindicate
that, on average, participants experienced reductions in stress
levels over time. A test of differences in model fit between
model 2 and model 1 yielded a significant result (Ax23=20.3,
P<.001). A quadratic function of time was added in model 3to
capture any acceleration or deceleration in the rate of change
that might occur over the repeated measurements. Results show
that participants’ reductionsin stresslevelstended to accel erate
slightly over time. Model 3 showed an improvement in model
fit from model 2 at the 10% level (Ax%=3.5, P=.06). The
variation within groups over time decreased, the AIC vaue
decreased, and the explained varianceincreased slightly (ie, R?)
for model 3. Thus, it was decided to retain the quadratic function
in further analyses. By including a cubic term in model 4, the
rate of change in stress levels decelerated again and provided
significant improvements in model fit (Ax21=7.85, P=.005).

http://www.jmir.org/2013/4/e84/

Consequently, treatment effects had to be modeled with alinear,
quadratic, and cubic growth parameter.

Model 5 with treatment as level 2 predictor shows that, after
controlling for the natural development of stress over time,
participantsin the LS group had significantly lower stresslevels
as compared to the control group (see Table 6). A formal test
of differences comparing models 5 and 4, demonstrated that
model 5 fits data better than model 4 (Ax%,=9.4, P=.002).
However, a test of differences in slopes or developmental
trajectories between groups was first examined in model 6 that
included cross-level interactions between treatment and
normative growth over time. The results show that there was a
significant interaction effect between treatment and the linear,
guadratic, and cubic growth parameters which suggeststhat, on
average, participants experienced reductions in their stress
levels, but that participants in the LS group experienced a
different developmental trajectory over and above the natural

variation in stress over time (model 6 vs model 5: Ax23:8.0,
P=.046).
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Table 6. Results of treatment effects on stress levels over six months.

Drozd et al

Model 5 6
Treatment effects Est SE Est SE
Fixed effects
Intercept 7.74° 0.31 7.40° 0.37
Linear? —2.49° 0.66 -0.81 0.85
Quadratic? 1.37° 0.43 0.29 0.56
Cubic® -0.17° 0.05 -0.03 0.07
Predictors
Treatment® -1.10° 0.35 -0.40 052
Treatment x linear -3.45° 1.28
Treatment x quadratic 2.23° 0.84
Treatment x cubic -0.28° 0.11
Random effects
o within participants 10.48° 0.59 10.30° 0.57
o between participants
Intercept 6.83° 1.07 6.90° 1.06
Intercept, slope -0.32° 0.15 -0.34 0.14
Slope 0.02 0.00 0.01 0.00
Model fit indexes
AlC 5679.12 5677.14
“2LL (x?) 5661.12 5653.14
R2 (level 1) 0.04 0.05

3_inear: 0 = baseline, 1 = 1 month, 2 = 2 months, 6 = 6 months.
bQuadratic: 0 = basdling, 1 = 1 month, 4 = 2 months, 36 = 6 months.
®Cubic: 0 = baseline, 1 = 1 month, 8 = 2 months, 216 = 6 months.
Hreatment: 0 = control group, 1 = LS group.

€pP<.05.

To demonstrate the effect of treatment on initial status and the
rate of change over time, Singer and Willett [65] proposed
creating prototypical plots. Prototypical plots can be obtained
by substituting the values of thetreatment variableand time (ie,
linear, quadratic, and cubic) variables in the final estimated

model (ie, model 6): Y;;=7.40 + (—0.81)(Time) + (0.29)(Ti me?)
+ (-0.03)(Time®) + (—0.40)(Treatment) + (—3.45)(Time x
Treatment) + (2.23)(Time? x Treatment) + (—0.28)(Time® x
Treatment), where Y, isthe repeated measure of stressfor person
i a timet. Thetrgectoriesin Figure 3 demonstrate that the LS
group experienced a more immediate and rapid reduction in
stress level s as compared to the control group. Although stress

levels increased from 1 to 2 months, stress levels returned to
the 1-month level by 6 months. In comparison, the control group

http://www.jmir.org/2013/4/e84/

followed a more modest, steady, and nonsignificant linear
declinein stress levels (ie, normative devel opment).

Finally, 3 types of covariance structures relevant and common
in studieswith repeated measurementsweretested. The purpose
was to examine how errors were distributed and whether the
properties imposed on the covariance structure fit well to the
data. The unstructured covariance structure fit the data best as
determined by having the lowest information criterion (AIC =
5663.27; compound symmetry AIC = 5678.61 and first-order
autoregressive AIC = 5735.48). The assumption of the
unstructured error covarianceisthat all parameters are estimated
and alowed to vary freely. In other words, it is the least
restrictive covariance structure. Estimates remained largely
unchanged with an unstructured covariance structure and are
thus not reported.
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Figure 3. Fitted developmental trajectories for the control and LS group, respectively.
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Multiple Mediation Analysis

Thethird hypothesiswas that changesin stresslevels over time
attributed to the LS intervention could be accounted for by
changes in mindfulness and procrastination over time. The
model-building approach suggested by Bliese and Ployhart [66]
was used and a product-of-coefficients strategy was employed
to test for multiple mediation effects of treatment on stress via
mindfulness and procrastination [67-69]. In other words, the
unstandardized beta coefficients for each mediator were
multiplied to represent the different indirect effects.
Furthermore, the Monte Carlo Method for Assessing Mediation
(MCMAM), asdescribed by MacKinnon et a [70], wasapplied
to generate 95% confidence intervals for indirect effects with
20,000 bootstraps [71]. The MCMAM performs reasonably
well and can beimplemented on the pool ed estimates of multiply
imputed datasets.

The total effect of treatment on stress was demonstrated
previously in model 6 in Table 6 and found to be significant.
So, the first step in the mediation analysis was to estimate an
unconditional model (ie, model 7a) to test for variation between
participants in mindfulness as a mediator over time (see Table
7). The ICC was 0.44, which indicated that average levels of
mindfulnessvary significantly across participants and over time;
hence, amultilevel mediation analysis would be adequate. The
next step was to determine the effect of treatment on
mindfulness and the fixed functions for time, controlling for
procrastination (ie, the second mediator), in asequence of steps
similar to models 2-5in Tables 5 and 6, although only the final
model is reported. Model 7b in Table 7 shows that there was a
significant interaction effect between treatment and the linear,
guadratic, and cubic growth parameters. This suggests that, on
average, participants in the LS group experienced a different
developmental trajectory over and above the natural variation
in mindfulness over time, after controlling for procrastination.

The effect of treatment on procrastination was tested similarly.
ThelCC inthe unconditional model 8awas 0.51 and suggested

http://www.jmir.org/2013/4/e84/
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that average levels of procrastination vary significantly across
participants and over time. Then the effect of treatment on
procrastination and the fixed functions for time, controlling for
mindfulness was determined. The final model providing the
best-fit indexes suggested that treatment had a quadratic effect
on procrastination. On average, participantsinthe LS group did
experience a significant decrease in procrastination, although
levels of procrastination seemed to increase slightly over time.

Finally, model 9 examined whether the direct effect of treatment
on stress was reduced. The results show that mindfulness and
procrastination as a set do mediate the effect of treatment on
stresslevels (see Figure 4). A comparison of thefinal 2-mediator
model (ie, model 9) indicatesthat thismodel fit data better than
model 6 of the treatment effect (Ax%,=279.1, P<.001). However,
in contrast to model 6 of the treatment effect, an examination
of the distribution of errors showed that the best fitting
covariance structure was that of compound symmetry (AIC =
5399.26; unstructured AIC = 5403.44 and first-order
autoregressive AlC = 5434.60). The assumption of compound
symmetry suggests that variances and covariances across the
repeated measures were equal.

In ssimplified terms, the directions of the paths in Table 7 can
be interpreted such that the LS intervention leads to greater
mindfulness and, in turn, leads to lower stress over time. It also
appears that the LS intervention leads to less procrastination,
which appears to lead to dlightly higher stress over time. An
examination of the specific indirect effectsin Table 8 indicates
that al the specific indirect effects of mindfulness are
significant; however, it appears that only the linear specific
indirect effect of procrastination is significant. The 95%
confidence interval for the quadratic specific indirect effect of
procrastination ranged from 0.00 to 0.04 and does not seem to
contribute to the indirect effect.
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Multiple Moderation Analysis

The final hypothesis was concerned with examining any
moderating effects of gender, age, and education on the
treatment effect of the LS intervention on stress scores over
time. A reference model of the normative growth and treatment
effect was modeled previously (see model 6 in Table 6).
Consequently, thefirst step in the multiple moderation analysis
was to model the main effects of gender, age, and education
conditional on the normative growth and treatment effects (see
model 9 in Table 9). The results show that gender and age had
a significant contribution above and beyond normative
development and treatment effect on stress. Femal e parti cipants
had higher stress levels than males, whereas stress levels
decreased dightly with age. There were, however, no main
effects of education. A comparison of model 9 with the addition
of the moderatorsto model 6 of the treatment effects (see Table

6), demonstrated that model 9 performed better (Ax%=17.7,
P<.001).

The next step was to model the interaction effects between
treatment and gender, age, and education, respectively (see
model 10 in Table 9). All 3 interaction terms were added
simultaneoudly to adjust for multiple statistical tests and to

Drozd et al

estimate conditional interaction effects. Results show no
interaction effects between treatment and the moderators and
no overall improvement in model fit over model 9 (Ax%=6.4,
P=.09). Finally, amodel with interactions between linear growth
and all other variables were included to determine whether
development was consistent across levels of the other variables
(ie, determine time-specific interaction effects; see model 11).
Three-way interactions were also included between linear
development and other 2-way interactions to test for parallel
slopes. Again, there was a significant effect of gender and age
on stress over and above the treatment effect, and education
also had a significant main effect on stress thistime (ie, higher
education wasrelated to lower stress). However, although model
11 had improved model fit indexes compared to model 10

(AX26:24.7, P<.001), none of the interactions contributed
substantially to the model.

In conclusion, model 9 appears to be the most parsimonious
model in which the unstructured covariance structure fit the
databest (AIC =5609.71; compound symmetry AIC =5678.61
and first-order autoregressive AIC = 5735.48). Estimates
remained largely unchanged with an unstructured covariance
structure and are not reported.

Figure 4. The estimated dynamic multiple mediation model with unstandardized beta coefficients.

Level 2 Lower level mediation of upper level effect
Treatment
¢, =—3.45(Time), ¢, = 2.23(Time?), ¢ =—0.28(Time?)
\ (¢’y = —0.59[Time], ¢’, = 0.66[Time?], ¢’5 = —0.09[Time?])
Level 1

a; = 9.02(Time), a, = —5.87(Time?), a; = 0.73(Time?)

Mindfulness
a, =—1.85(Time),

as = 0.19(Time?)

Procrastination

Stress
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Table 7. The effects of treatment and mindfulness and procrastination on stress levels over time.

Model 7a 7b 8a 8b Model 9

(dependent variable) (mindfulness) (mindfulness) (procrastination) (procrastination) (stress)

Treatment effects Est SE Est SE Est SE Est SE Est SE

Fixed effects
Intercept 36.04° 037  34.90° 060 16.81° 034 16.15° 053  7.20° 0.30
Linear® 257 141 0.42 101 151 0.78
Quadratic® 1.97° 0.93 0.16 063 070 0.52
Cubic® -0.24° 0.12 -0.03 008 008 0.07
Treatment® -0.10 0.85 1.48° 074  -0.79 0.43
Treatment x linear 9.02° 1.95 -1.85° 054 -059 1.25
Treatment x quadratic -5.87° 1.28 0.19¢ 0.08 066 0.84
Treatment x cubic 0.73¢ 0.16 -0.09 0.11
Mindfulness -0.35° 002 -021° 0.02
Procrastination -0.53° 0.04 0.11° 0.02

Random effects

o2 within participants 33.77° 181  2539° 174  21.09° 110  16.66° 122 857° 0.47

o2 between participants 26.44° 3.18 21.79° 2.46
Intercept 20.71° 3.26 18.03° 254 3.00 0.67
Intercept, slope -1.54° 0.57 -1.20° 041 —0.08 0.10
Slope 0.30 0.17 0.16 012  0.00 0.00

Model fit indexes

AlC 6959.34 6687.13 6528.11 6284.20 5402.07

“2LL (x2) 6953.34 6661.13 6522.11 6260.20 5374.07

R? (level 1) 0.25 021 0.21

¥ inear: 0= basdline, 1 = 1 month, 2 = 2 months, 6 = 6 months.
bQuadratic: 0 = basdling, 1 = 1 month, 4 = 2 months, 36 = 6 months.
Cubic: 0 = baseline, 1 = 1 month, 8 = 2 months, 216 = 6 months.
Hreatment: 0 = control group, 1 = LS group.

€P<.05.

Table 8. Specific indirect effects of mindfulness and procrastination on the effect of treatment on stress over time.

Specific indirect effects Est 95% ClI
Low High
Mindfulness
Linear -1.89 -2.83 -1.06
Quadratic 123 0.68 184
Cubic -0.15 -0.23 -0.08

Procrastination

Linear -0.20 -0.35 -0.08
Quadratic 0.02 0.00 0.04
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Table 9. Results of multilevel analysis: multiple moderation.

Mode! 9 10 11

Treatment effects Est SE Est SE Est SE
Fixed effects

Intercept 6.80¢ 0.49 6.599 0.58 6.65Y 0.70
Linear? 081 0.85 -0.81 0.85 -0.83 0.85
Quadratic® 0.29 0.55 0.29 0.55 0.29 0.55
Cubic® -0.03 0.07 -0.03 0.07 —-0.03 0.07
Predictors

Treatment? 045 0.51 -0.09 0.83 -0.58 0.95
Treatmentxlinear -3.459 1.28 -3.459 1.28 -3.27¢ 1.28
Treatmentxquadratic 2.23¢ 0.84 2.239 0.84 2.23¢ 0.83
Treatmentxcubic -0.289 0.11 -0.289 011 -0.28% 0.11
Gender® 1.079 0.42 1.379 0.57 1.819 0.71
Age —0.049 0.02 -0.089 0.03 —0.08Y 0.03
Education’ 047 0.35 047 0.49 -1.399 0.60
Treatmentxgender -0.48 0.81 -0.23 101
Treatmentxage 0.07 0.04 0.05 0.04
Treatmentxeducation 0.02 0.72 0.68 0.87
Linearxgender -0.16 0.15
Linearxage 0.00 0.01
Linearxeducation 0.34 0.14
Linearxtreatmentxgender -0.09 0.22
Linearxtreatmentxage 0.01 0.01
Linearxtreatmentxeducation -0.24 0.21

Random effects
o2 within participants 10.299 0.57 10.289 0.57 10.109 0.59

o2 between participants

Intercept 6.029 1.00 5.93¢ 0.98 5.81¢ 1.00
Intercept, slope -0.25 0.14 -0.27 0.14 -0.19 0.16
Slope 0.01 0.00 0.01 0.00 0.01 0.01
Model fit indexes
AlC 5665.48 5665.09 5676.43
“2LL () 5635.48 5629.09 5604.43
RZ (level 1) 0.06 0.06 0.07

8_inear: 0 = baseline, 1 = 1 month, 2 = 2 months, 6 = 6 months.

bQuadrattic: 0 = basdline, 1 = 1 month, 4 = 2 months, 36 = 6 months.

SCubic: 0 = basdline, 1 = 1 month, 8 = 2 months, 216 = 6 months.

%Treatment: 0 = control group, 1 = LS group.

€Gender: 0= male, 1 = female.

"Education: 0=<1-3 years of college/university, 1 = >4-5 years of college/university.
9p<.05.
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Discussion

Principal Findings

Despite the fact that stressis experienced by many people and
that stress is a contributing factor to many mental and physical
health conditions, few efforts are made to develop and test the
effects of interventions for stress. Findings from this study
suggest that Web-based interventions can potentially reduce
levels of stress. First of all, analysis of log server registrations
found large reductions of the L Sintervention on levels of stress
among intervention completers. Second, treatment was a
significant predictor of linear, quadratic, and cubic changesin
stress, but not associated with initial status (seemodel 6 in Table
6). For the linear slope of stress, participants in the LS group
showed a faster recovery from stress, although they also had a
faster rate of change in stress (ie, increase, quadratic growth)
when compared to the control group. Lastly, the LS group had
aslower rate of cubic changein stresslevels (ie, decrease) than
the control group. In other words, despite variations in stress
levels, long-term (ie, 6 months) stress levels returned to the
level of the immediate short-term effect at 1 month in the LS
group. Thisimpliesthat participantslearned ways of managing
their stresslevels during the course of the intervention that they
carried on with them and used to lower their stress levels over
time.

There are alimited nhumber of Web-based stress interventions
athough thereisgreat variability interms of intervention content
and the methods used to evaluate these [18-32]. However, to
the extent that there are similarities between some of the studies,
it seems that interventions outside of workplace settings (eg,
general or family setting) have shown more unequivocally
positive findings. It also appears that the single-target
interventions are more likely to have an effect on stress [29]
than multitarget interventions (eg, dietary behaviors and stress)
[23,24]. In some studies, it is hot unreasonable to assume that,
for example, asmall sample may have affected the results [22]
or that a high attrition rate was not sufficiently addressed [23].
In contrast to studies which have shown no or only short-term
effects, this study has areasonably high number of participants
and data points, addressed attrition and missing data, and
examined asingle-target intervention in ageneral setting whose
only aim isto reduce levels of stress.

Treatment accounted for approximately 5% of the variation in
stress|evel sacrosstime within participants (ie, 5% of the overall
variability in stress is explained by the LS intervention).
However, relatively modest treatment effects need not be a
problem for eHealth interventions. The distribution of many
psychologica treatments is concentrated on a large effect for
relatively few patients. However, eHealth technologies have
the potential to shift this balance. Online consumer behavior
suggests that by creating a longer tail in the distribution of
eHealth interventions (ie, reaching more users), the market has
the potential to substantially increase the collective effect of
eHealth technologies [72]. As such, even small and modest
changes can be meaningful at the population level. It should,
however, be noted that eHealth technol ogies have yet to reach
a large number of users, in particular, the computer illiterate,
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those with lower incomes, and those without access to the
Internet. Even in Norway where the access and use of the
Internet is very high in the population, there are digital divides
[73]. For example, amost everyone with incomes above NOK
600,000 have Internet access at home, whereas 18% of those
with incomes below NOK 200,000 are without Internet access.

This study has not only documented the effect of a \Web-based
intervention for stress reduction, but also identified its
mechanisms of change. As expected and in-line with previous
research [35], it turned out that mindfulness mediated the effect
of the LSintervention. Thisisthefirst study that has examined
the relationship between temporal changes in mindfulness and
outcomes in an intervention setting. Overall, the results show
that mindfulness can be successfully enhanced in Web-based
interventions, but that momentary variationsin mindfulness can
be expected. The L Sintervention also led to less procrastination
that, in turn, reduced levels of stress as expected based on
previous research [41]. More specifically, the results indicate
that the LS intervention successfully managed to interrupt the
U-shaped (ie, quadratic) pattern of procrastination that can be
expected to occur naturally over time [45]. Thismeansthe LS
intervention led to reduced procrastination that was maintained
over time and participants did not, on average, experience the
expected increases in procrastination.

Since there often are differences in stress by gender, age, and
education, an important finding in this study is that the LS
intervention seems to work equally well regardless of these
demographic characteristics. In general, female participants
reported higher levels of stress and participants that were ol der
reported somewhat lower stress levels, but no demographic
characteristics moderated the effect of the LSintervention. This
does not mean that there are no psychological moderators of
the effects of the LS intervention, for instance, but it may be
that the LS intervention can provide a cost-efficient
one-sizeffitsall approach in terms of demographic
characteristics. However, thesefindings (or lack thereof) should
beinterpreted with some caution, at least in regardsto the result
of the analyses of gender.

Limitations

Thisstudy has several limitations. First, the samplein this study
was based on viral recruitment on a socia networking site (ie,
Facebook). Earlier reviews have shown that Internet-based
recruitment procedures have faced challenges in recruiting
diverse samples [74]. This may be a part of the reason 3 out of
4 participants in this study were women, abeit 80% of those
recruited were not acquainted with the female recruiter. This
may indicate other explanations of why more women were
recruited, such as that more women generally participate in
research or that more women are attracted to Web-based
self-help interventions [75]. In fact, a recent study did show
success in recruiting a diverse sample using Facebook for a
randomized controlled trial [76], which further supports the
argument for alternative explanations for the gender biasin the
recruitment procedure rather than viral online recruitment per
se.

Therewere no reports of negative side effects of using Facebook
for participant recruitment in this study; however, the use of
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socia networking sites is an area in need of research and
guidelines. Although most were not acquainted with the
recruiter, they were acquainted with the person who told them
about the study. Thus, a recommendation or study invitation
from a friend would have more impact than from a researcher.
This also raises ethical issues concerning confidentiality and
security in research with peer-to-peer recruitment, but also
because websites, such asFacebook, frequently change or update
their privacy policies, many of which have been highly
controversia. Therefore, it is of utmost importanceto carefully
consider the recruitment and communication strategies employed
via social media, especially for sensitive topics (eg, sexualy
transmitted diseases), and ensure that participants are redirected
to an external website so that the amount of information
exchanged on Facebook or similar sitesisminimized asin this
study or the study by Fenner and colleagues [77] by using
advertisements.

The second limitation has to do with selective attrition and
missing data. In the LS group, more participants dropped out
during follow-up than in the control group. However, the only
substantial explanation for study attrition was that more males
dropped out most likely because they, in general, had lower
stress scores than females. The moderation analyses further
confirmed this assumption that inadvertently may have had
implicationsfor the power to detect potential interaction effects
whichisconsiderably reduced with categorical variableswhose
categories differ in sample size [78]. However, other than
gender, there were no indications that selective attrition or
missing data affected the means, variances, or the relationships
among variables between those who remained in the study and

Drozd et al

those who dropped out. Hence, we can be confident about the
validity of the resultsin this study.

The third limitation of this study concerns the mediation
analysis. It is becoming more common to investigate complex
models in intervention research by using multilevel mediation
models, testing for multiple mediators or testing for nonlinear
mediation effects [79,80]. In many cases, researchers will
assume that there is more than 1 mediator that can potentially
affect the outcome of an intervention. Most often, researchers
examine mediation with only 1 mediator at a time.
Consequently, the effects of multiple mediators cannot be s mply
examined or compared against each other if researchersexamine
mediators singly. However, several complications arise when
testing for multiple mediators in multilevel models and,
unfortunately, thereis currently alack of established procedures
or methodsfor testing indirect effectsin multilevel modelswith
multiple mediators where the constituent paths are nonlinear.
So, although we may have used the best available methods to
date, such as bootstrapping, it is obvious that there isaneed to
develop a set of recommendations or proceduresin this area.

Conclusion and Future Research

The results from this randomized controlled trial suggest that
a Web-based intervention can reduce levels of stress over time
and that both mindfulness and procrastination could beimportant
components for inclusion in future eHealth interventions for
stress. Future research should make sure to examine the effects
of the LS or similar interventions for stress reduction among
more mal e participants and investigate the role of psychological
moderators of treatment effects.
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Abstract

Background: There is no functiona pharmacovigilance system in Cambodia to our knowledge. Mobile phone-based tools,
such as short message service (SMS) text messages, are increasingly used for surveillance purposes.

Objective: To pilot-test the FrontlineSM S mobile phone—based tool for notification of adverse events, using Cambodia's only
International Vaccination Center at the Institut Pasteur du Cambodge as afield site.

Methods: People receiving vaccinations, aged over 18 years, and who owned a cell phone were recruited in the study following
informed consent. The names and maobile phone numbers of the participants interviewed were entered each day into the
FrontlineSM S software. Two days after being vaccinated, participants received an automatically generated SM S text message
asking whether any adverse events had occurred. Their SMS reply was number-coded and exported from the software daily to
an Excel spreadsheet and examined before being saved. If the participant replied with a code for a severe adverse event (8 or 9),
they were automatically advised to consult the nearest doctor.

Results: The active surveillance study was conducted over 72 days in the spring of 2012. Patients agreed to be asked by SMS
text message whether unwanted events had occurred after vaccination. Of 1331 persons aged over 18 years referred to the
vaccination unit, 184 (13.8%) were asked and agreed to participate. When texted for clinical status 48 hours after vaccination,
52 (28.3%) participantsdid not reply, 101 (54.9%) sent an immediate SMSreply, and 31 (16.8%) sent an SM Sreply after additional
prompting. Of theinitial 184 participants, 132 (71.7%) replied. These 132 participants received 135 vaccine doses and 109 (82.6%)
reported no adverse events, whereas 23 (17.4%) reported adverse events, al benign.

Conclusions: Noatification using an SM S-based text message system is aready used in Cambodia for syndromic surveillance
in health centers and reporting by health care workers. Our results show that such tools can also be useful for notification by
patients or health usersin Cambodia, especially in an urban setting.

(J Med Internet Res 2013;15(4):€68) doi:10.2196/jmir.2477

KEYWORDS

cellular phone; text messages; texting; short message service; vaccines; adverse events; surveillance; adverse drug reaction
reporting systems; pharmacovigilance

and sociobehavioral illnesses [1]. Most of these may require
treatment or prevention through medication or vaccines. In

The burden of disease can be threefold in developing countries  2ddition to the expectable adverse events in the normal usage
faced with communi cable diseases, noncommunicable diseases,  ©Of registered drugs, developing countries also face a plague of
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counterfeit or substandard drugs [2-5]. Pharmacovigilance—a
form of epidemiological surveillance that monitors the
occurrence of adverse events of drugs [6,7] or vaccines [8-10]
to guide timely corrective action and mitigate risk—is an
essential tool for patient safety in developed countries and in
an increasing number of developing countries[11]. Cambodia,
a developing country in Southeast Asia, is not among the 109
countries participating in the World Health Organization (WHO)
Programme for International Drug Monitoring maintained in
collaboration with the Uppsala Monitoring Center in Uppsala,
Sweden [12]. To our knowledge, there is no functional
pharmacovigilance program in Cambodia.

Pharmacovigilance has been conducted using complex and
rigorous notification procedures in developed countries, but it
faces challengesin devel oping countries because of issueswith
clinician awareness, clinical expertise, or nonfunctional
reporting systems [11,13,14]. Therefore, some programs or

Baron et d

countries have circumvented these challenges by implementing
mobile phone-based and Web-based tools using short message
service (SMS) text messaging for immediate notification of
adverse events [15,16].

FrontlineSM S is one such reporting tool [17]. It has been used
in Cambodiafor various health-related projects, but awaysfor
information exchange among health providers and stakehol ders
[18-20]. An Epidemiology Master student helped pilot its use
for surveillancein direct link with health usersin avaccination
center. More than 25,000 vaccine doses were administered to
16,630 health users in 2012 (Figure 1) referred to the
International Vaccination Center at the Institut Pasteur du
Cambodge (IPC), the only such vaccination center in Cambodia
(Figure 2). The aim of this study was to field-test the
FrontlineSM S software to see whether it could provide effective
and timely notification of vaccine adverse events.

Figure 1. Vaccination at the International Vaccination Center, Institut Pasteur du Cambodge.
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Figure 2. Thewaiting room of the international vaccination center at the Institut Pasteur du Cambodge.

Method

Theresearch project received ethical approval from the national
ethics committee on health research on February 17, 2012. Data
collection began March 12, 2012, and ended May 31, 2012.

During that period, a research assistant from the epidemiol ogy
and public health unit at 1PC (a native Khmer speaker) spent
several hours each day at the International Vaccination Center
to recruit participants. Participants were eligible to be included
in the study if they were aged over 18 years, came to the center
to be vaccinated themselves (ie, not for their children), agreed
to participate, owned acell phone, and knew how to send SMS
text messages. If so, the research assistant informed them about
the study, read through the protocol, explained the objectives
of the pharmacovigilance project in Khmer, and asked the
participants to complete an informed consent form. Information
about their name, age, place of residence, type of vaccine, and
mobile phone service provider were collected. The names and
mobile phone numbers of the participants interviewed were
entered each day in the FrontlineSM S software.

Two days after being vaccinated, participants received an
automatically generated SMS text message. This message
thanked them for participating and asked whether any adverse
events had occurred. Their SMS reply was number-coded as
follows. 0=no adverse event, 1=mainly redness and/or pain at
theinjection site, 2=mainly fatigue and/or weakness, 3=mainly
headaches, 4=mainly fever, 5=mainly runny or congested nose,
6=mainly muscle pains, 7=mainly abdominal pain, 8=seizures
or neurologica problems, and 9=severe allergic reaction. Only
1 codewas allowed per reply. Messages received were exported
from the software daily to an Excel spreadsheet and examined
before being saved.

Upon receiving the text reply, a software-generated message
was sent. If the codes corresponded to no or amoderate adverse
event (codes 0-7), the reply was: “We have received your
message. Thank you for having participated.” If the participant
sent back a code for a severe adverse event (8 or 9), the reply
read: “ You have reported a severe adverse event. Please consult

http://www.jmir.org/2013/4/e68/

RenderX

the nearest doctor as soon as possible. If in Phnom Penh, we
recommend that you refer to Hopital Calmette” (The Hbpital
Calmette is a national reference hospital where the emergency
department team had been informed of the study.) In caseswhen
asevere adverse event was reported, the research assistant called
the participant’s cell phone number directly to follow-up onthe
participant. If the case was referred to Hopital Calmette,
transportation costs were covered by the study. There was no
other financial compensation to participants, including for costs
associated with sending SM S text messages.

Results

The study took place between March 13 and May 25, 2012, for
a total of 72 days. 53 days of which the International
Vaccination Center was open and 19 days of whichit wasclosed
(weekend or national holidays, Figure 3). During some of those
days, the research assistant did not recruit participants because
she was involved in another study.

During the 53 days that the International Vaccination Center
was open in that period, 1331 persons aged over 18 years (684
women and 647 men) camefor vaccinations at the center (mean
25.1 persons aged =18 years per day, Figure 4).

Of the 1331 vaccinees, 184 were asked and agreed to participate
to this pilot study (97 femae, 87 mae). Of these 184
participants, 165 (90.2%) resided in Phnom Penh; 6 (3.3%) in
Kampong Speu; 3 (1.6%) each in Kandal and Kompong Cham,
respectively; 2 (1.1%) in Siem Reap; and 1 (0.5%) each in
Takeo, Battambang, Mondulkiri, and Rattanakiri, respectively.
Mean age of al 1331 health users during that period was 34.8
years (SD 12.7, range 18-95), athough the subgroup of study
participants was younger (mean 26.9 years, SD 7.8, range
18-65). The 184 participants subscribed to 6 cell phone
companies, the largest of which accounted for 83 (45.1%) of
the participants.

The 184 health users who initially agreed to participate in the
study received a total of 192 vaccine doses for 17 different
diseases (Table 1).
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Table 1. Vaccines administered to study participants and reported adverse events for the pharmacovigilance pilot study at the Institut Pasteur du

Cambodge from March to May 2012 (N=184).

Mainly redness

and/or pain at Mainly runny

No adverse theinjection Mainly fatigue or congested
Vaccing? event site and/or weakness Mainly fever  nose No reply Total
Hepatitis A 1 0 0 0 0 0 1
Hepatitis B 39 4 3 1 0 30 77
Haemophilus influenza 2 0 0 1 0 0 3
Japanese encephalitis 9 0 0 0 0 1 10
MMR 0 0 0 0 0 1 1
Meningitis 2 0 0 0 0 0 2
Chickenpox 1 0 0 0 0 0 1
Pneumococcus 2 0 0 0 0 2 4
Rubella 0 0 0 0 0 1 1
Tetanus 13 3 1 0 0 3 20
Tetanus & rabies 2 0 0 0 0 2 4
DTCP 2 1 1 0 1 0 5
Typhoid 2 0 0 0 0 0 2
HPV 10 3 0 1 2 4 20
Influenza 17 0 0 0 0 5 22
Influenza & Hib 2 0 0 0 0 0 2
Influenza & tetanus 1 0 0 0 0 0 1
Rabies 0 1 0 0 0 0 1
Yellow fever 4 0 0 0 0 2 6
Yellow fever & meningitis 0 0 0 0 0 1 1
Total 109 12 5 3 3 52 184

2MMR: measles, mumps, rubella; DTCP: diphtheria, tetanus, pertussis, polio; HPV: human papillomavirus; Hib: Haemophilus influenzae serotype B.

Most of the vaccinations given were against hepatitis B (41.8%),
influenza (11.9%), tetanus (10.9%), and human papillomavirus
(HPV) (10.9%). Fifty-two participants (28.2%) did not send a
reply (including 30 of 77 who received vaccination against
hepatitis B), and 132 (71.7%) did send a reply, of which 101
(76.5%) completed the study as per the study protocol and sent
acorrect SMS text reply, whereas 31 (23.5%) participants had
to be contacted twice because they replied incorrectly or did
not reply at all (Figure 2). These 132 respondents received a
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total of 137 doses of vaccine. In al, 109 (82.6%) respondents
reported no occurrences of adverse events, whereas 23 (17.4%)
did report adverse events, none of which were severe (Table 1).
Twelve (52.2%) of these adverse events pertained to redness at
the injection site, and 3 (13.0%) pertained to fever. The time
between theinitial sending of the SMStext and the reply from
participants was documented in 120 messages (mean 0.4 days,
SD 0.82, range 0-5). The reply was received within the same
day in 91 (75.8%) of documented answers.
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Figure3. Number of health usersat theinternational vaccination center and inclusionsin the SM S pilot study, I nstitut Pasteur du Cambodge, March-May
2012.

60
B Non parficipants (N = 1147) B Participants (N=184)

N healthusers

Holiday

Other project

65

Date (day/ month of 2012)

Figure 4. Flowchart of patient recruitment in the pilot SM S text-based pharmacovigilance study at International Vaccination Center, Institut Pasteur
du Cambodge, March-May 2012 (percentage total may not equal 100% due to rounding).
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Discussion

The objective of this pilot study was to assess the feasibility of
an SMS text-based reporting tool for pharmacovigilance in
Cambodia. According to the International Communications
Union database, there were 69.9 mobile-cellular telephone
subscriptions per 100 (%) inhabitants in Cambodia in 2011
(dlightly less than India), up from 7.95% in 2005 [21]. This
trandlates to approximately 10 million cellular telephone
subscriptionsin Cambodiain 2011, acountry with an estimated
population of approximately 14 million [22].

To our knowledge, this pilot SM S text-based system for active
detection of adverse events following vaccination is the first
functional pharmacovigilance system in Cambodia, the first
SMS text-based surveillance system relying on health users
participation in Cambodia, and the first to use SM S text-based
surveillance for adverse event detection anywhere [20]. In this
project, operating costs were modest, with only part-time activity
dedicated to entering cell phone numbers, downloading SMS
replies, and checking that no SMS texts received alerted to
severe adverse events.

During the 2.5-month pilot phase, the participation rate was
high with a 71.7% response rate. Of 77 persons who were
vaccinated against hepatitis B, 30 (39%) sent no reply. Although
this percentage may seem high, the hepatitis B vaccines were
the most frequently administered, and the small study group
makes nonreply percentages vary greatly.

With 132 participants replying and 24 reporting adverse events
(none severe), the prevalence of adverse events was dlightly
higher than expected. The expected rate of adverse events
following immunization is estimated to be in the order of 10%,
except for diphtheria, tetanus, pertussis (DTP) or tetanus
boostersin which fever occursin nearly half of recipients[23].
In 2008, in Australia, 1542 adverse events (7.2 per 100,000
population) following immunization were notified by
manufacturers, health professionals, or the public [24]. This
passive surveillance system also includes children, who are the
main recipients of vaccines. Of these adverse events, 41% were
site reactions and 16% were fevers. Our data, albeit on a far
more modest scale and not including children, showed
comparable percentages (52.2% and 13.0%, respectively). A
study conducted in the United Kingdom showed that patients
tend to report more benign adverse drug reactions than health
care providers, and concluded that patient-based
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pharmacovigilance may usefully complement health care
provider reporting of adverse events [25].

The participants’ response rate was unexpectedly high, probably
enhanced by the use of short and simple SM S text-based reply
codes. This research project also had a research assistant to
explain the protocol at length in the national language, which
would not be the case in a daily operationa setting where a
simpleleaflet or poster would provideinformation to the health
users.

Our study suffers from biases and limitations. Firstly, the
number of participants was very limited. The epidemiological
findings of such a small and short study on adverse events are
difficult to extrapolate. Secondly, the patients recruited all
attended the IPC’s International Vaccination Center in Phnom
Penh. Costs there may be higher because of state-of-the-art
quality control carried out on vaccinesimported primarily from
Europe. Therefore, recruitment may have been biased toward
younger, more affluent, well-informed, urban residents more
accustomed to sending SMS text messages. This limits the
possibility of extending similar systems outside of large urban
centerswithin Cambodia, at least in the short term. Experience
with SM Stext-based surveillancein therural setting found that
many farmers did not know how to send text messages [18].
Thirdly, only the last-generation cellular telephones support
Khmer fonts or pictures of Khmer-language text, whereas the
vast mgjority of cellular phones do not. Lastly, some operators
mainly offer voice-based communications and no dataor SMS
text transfers because tel ephone communications are rel atively
cheap and there is no advantage to sending a text message.

Bearing these limitationsin mind, this small pilot study serves
as a proof of concept that health user—sent, SMS text-based
surveillance strategies can be used in an urban Cambodian
setting. This is an important step in Cambodia where health
surveillance systems facing numerous challenges may often be
dysfunctional and where pharmacovigilance is absent. Our
secondary objective was also met, which was to become
proficient in the use of FrontlineSMS for other potential
applications. Technology for mobile telephone—based active
surveillance appears to be cheap, easy to implement, simple,
and quick to be mastered by field staff. This approach will be
used by the Epidemiology and Public Health Unit at the Institut
Pasteur du Cambodge to implement follow-up programs, such
as monitoring outcomes in rabies postexposure prophylaxis at
IPC’'s Rabies Prevention Clinic (over 20,300 referralsin 2011)
or in prospective studies on dengue in urban settings.

We wish to gratefully acknowledge the health users at IPC’s international vaccination center for agreeing to participate in this
pilot study. Thisstudy was conducted thanksto agrant from the Pierre Ledoux Foundation and additional support from the Centre
de coopération international e en recherche agronomique pour |e dével oppement (Cirad). We al so want to acknowledge the Social
Impact Lab Foundation for developing and allowing free access to the open-source FrontlineSM S software package.
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Abstract

Background: Mabile phone-based assessment may represent a cost-effective and clinically effective method of monitoring
psychotic symptoms in real-time. There are severa software options, including the use of native smartphone applications and
text messages (short message service, SMYS). Little is known about the strengths and limitations of these two approaches in
monitoring symptoms in individual s with serious mental illness.

Objective: The objective of this study was to compare two different delivery modalities of the same diagnostic assessment for
individuals with non-affective psychosis—a native smartphone application employing a graphical, touch user interface against
an SM S text-only implementation. The overall hypothesis of the study was that patient participants with sewrious mental illness
would find both delivery modalities feasible and acceptable to use, measured by the quantitative post-assessment feedback
guestionnaire scores, the number of data points completed, and the time taken to complete the assessment. It was also predicted
that a native smartphone application would (1) yield agreater number of data points, (2) take lesstime, and (3) be more positively
appraised by patient participant users than the text-based system.

Methods: A randomized repeated measures crossover design was employed. Participants with currently treated Diagnostic and
Statistical Manual (Fourth Edition) schizophrenia or related disorders (n=24) were randomly allocated to completing 6 days of
assessment (four sets of questions per day) with a native smartphone application or the SMS text-only implementation. There
was then a 1-week break before completing a further 6 days with the alternative delivery modality. Quantitative feedback
questionnaires were administered at the end of each period of sampling.
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Results: A greater proportion of data points were completed with the native smartphone application in comparison to the SMS
text-only implementation (3 = -.25, SE=.11, P=.02), which a so took significantly lesstimeto complete (3 =.78, SE=.09, P<.001).
Although there were no significant differences in participants quantitative feedback for the two delivery modalities, most
participants reported preferring the native smartphone application (67%; n=16) and found it easier to use (71%; n=16). 33% of
participants reported that they would be willing to complete mobile phone assessment for 5 weeks or longer.

Conclusions: Native smartphone applications and SMS text are both valuable methods of delivering real-time assessment in

individuals with schizophrenia. However, amore streamlined graphical user interface may lead to better compliance and shorter
entry times. Further research is needed to test the efficacy of thistechnology within clinical services, to assessvalidity over longer

periods of time and when delivered on patients' own phones.

(J Med Internet Res 2013;15(4):€60) doi:10.2196/jmir.2328

KEYWORDS

mobile phone; psychosis; assessment; schizophrenia; text-messages

Introduction

Schizophrenia is a major public health problem affecting
approximately 1% of the general population. It represents both
a substantive emotional burden for those involved and a
socioeconomic burden in the United Kingdom [1]. Thereisnow
increasing emphasis on treating patients within the community
[2]. However, symptoms, mood, and functioning can change
suddenly, potentially leading to rel apse, unscheduled acute care,
or self-injury. Monitoring of psychotic symptomsusually relies
on interview assessments infrequently conducted by clinical
staff, with limited resources, reducing the capacity to detect
sudden change. Additionally, interviewsrelying on retrospective
accounts introduces bias and averaging, thereby losing clinical
information [3]. A more sensitive approach would beto closely
monitor patients during the course of their everyday lives.
Real-time assessment of psychotic symptoms is attractive in
that it can lead to early and immediate intervention, potentially
preventing the deterioration of an individual’s mental state.

Over the past decade, assessment technologies have been
increasingly employed in the monitoring of psychosis [4].
Typicaly, patients complete self-report questions at several
different times of the day in rea-world settings [5]. Early
research in this field focused on the use of Personal Digital
Assistants (PDAS) [6,7], but these technologies are becoming
increasingly obsolescent and now occupy avery small share of
the commercial market. M obile phones have the advantage that
they allow the automatic and wireless uploading of information
to a central computer. As mobile phone technology becomes
increasingly widespread, software applications can operate from
users own phones, omitting the need for them to carry an
additional device. In a recent study, we observed that 83%
(n=30/36) of asamplewith psychosiscurrently owned amobile
phone, suggesting that usage in individuals with psychosisis
comparable to the general population in the United Kingdom.
Other studies have also reported high levels of familiarity with
and access to mobile phone technology in individuals with
serious mentd illness[8].

There are multiple ways in which mobile phone-based
assessment can be employed in health care. Text messages have
the advantage that they are relatively easy and inexpensive to
deliver and are not limited by the model or make of an
individual’s phone [9]. Individuals will likely be familiar with

http://www.jmir.org/2013/4/e60/

sending and receiving text messages. To date, two studies have
used text messaging in the clinical care of psychotic illness.
Spaniel and colleagues[10] used weekly text-based assessments
in order to alert consulting psychiatriststo early signs of relapse
in patients with psychosis, which significantly reduced the
number of inpatient admissions over one year. Additionally,
Granholm and colleagues [11] have used text messages to
promote cognitive behavioral therapy techniques and
health-promoting behaviors. Pilot data showed a significant
increasein social interaction and areduction in hallucinations,
but no significant effect on medication use.

Native software applications, with graphical user interfaces,
uploaded onto smartphone devices pose another viable option
for conducting real-time assessment. For the purpose of this
research, asmartphonewill be defined as having (1) computing
power, (2) a touch screen, (3) third party application
development and distribution, and (4) the option of 3G
connectivity and high-speed data transfer. Native smartphone
applications can be purpose built allowing for greater flexibility
and ease of use [9] and are now increasingly being used in the
treatment of physical health problems (eg, diabetes) [12]. Our
research group has recently developed one such software
application for use on Android smartphones. This software
enables usersto respond to self-report questionsrelating to their
symptoms on touch-screen analogue scales. Initial piloting of
this technology showed little dropout and high levels of data
points completed in 44 individuals experiencing psychosis,
sampled for 1 week. 13 self-assessment scales representing
different dimensions of psychoticillnesswere validated against
commonly employed, gold-standard clinical interviews.
However, further information is required to assess the benefits
and limitations of native smartphone applicationsin comparison
to other methods of mobile phone-based data collection.

The objective of this study was to compare two different
delivery modalities of the same diagnostic assessment for
individuals with nonaffective psychosis—a native smartphone
application employing agraphical, touch user interface against
an short message service (SMS) text-only implementation. It
wasthought that both approacheswould have certain advantages
in the real-time assessment of psychosis but that the native
smartphone application would display greater usability and
functionality. Understanding the appropriate technology, user
interface, procedures, and methods for administering mobile
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phone-based assessment is an important step in making it both
cost- and clinically effective, with the eventual aim of
integrating it into long-term illness management.

Theoverall hypothesis of the study wasthat patient participants
with serious mental illness would find both the smartphone
application and SMS text-only implementation feasible and
acceptable to use, measured by quantitative postassessment
feedback questionnaire scores, the number of data points
completed, and the time taken to complete the assessment. We
also had three more specific predictions: (1) that the participants
would complete a significantly greater number of entries on a
native smartphone application when compared to a SMS
text-only implementation, (2) that entries would take
significantly longer to complete on a SMS text-only
implementation, and (3) that the smartphone application would
be appraised more favorably in quantitative feedback scores.
We also asked participants about the maximum length of time
that individuals thought they would be willing to complete
assessment over for each delivery modality.

Methods

Participants

24 community-based patients meeting or having met the criteria
for a Diagnostic and Statistical Manual (Fourth Edition)
diagnosis of schizophrenia (n=22) or schizoaffective disorder
(n=2) as made by the clinical service and checked against
DSM-IV criteria by the researcher were admitted to the study.
All participantswere aged 18-50 and provided informed consent
to take part. Participants were required to own and have access
to a mobile phone with which to use the SMS text-only
implementation. Organic or substance induced psychosis were
exclusion criteria.

The sample was predominantly male (79%; n=19) and white
British (71%; n=17) with amean age of 33.0 (SD 9.5, min=18,
max=49). Patients were recruited through Community Mental
Health Teams (63%; n=15), Early Intervention Services (33%;
n=8) and through a supported-living organization (4%; n=1).
The mean number of past hospital admissions in the sample
was 2.3 (SD 2.5, min = 0, max = 9) and the mgjority of the
sample were currently taking antipsychotic medication (n=20).
The Positive and Negative Syndrome Scale (PANSS [13]) is
taken as a gold standard-clinical measure commonly used to
assess psychosis. PANSS scores in this sample (at baseline)
varied considerably between individuals, suggesting arange of
symptom severities (positive subscale: mean 15.0 (SD 4.5, min
=7, max = 28); negative subscale: mean 12.3 (SD 3.5, min =
7, max = 21); general subscale: mean 28.8 (SD 6.8, min = 18,
max = 50).

Equipment

Thetwo different modalitiesfor delivering real-time assessment,
namely a smartphone application and an SMS text-only
implementation, were designed such that protocol for the
monitoring procedure was common to each. The core
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functionality for the protocol that iscommon to both modalities
isshown in Table 1.

From the end user’s perspective, the two modalities differ only
in the way the participant interacts with the device. These
differences are summarized in Table 2.

The native smartphone application was specifically devel oped
for Android maobile phones (Figures 1 and 2). Android is an
operating system created by Google, which runs on maobile
phones from different manufacturers. Although this software
was devel oped to run on any Android phone, for this study we
used the Orange San Francisco device. For the purpose of this
study, it was not wirelessly enabled and all answerswere stored
on the mobile phone handset for downloading at the end of the
sampling procedure. However, this made no difference to the
user’s perspective of the software.

The SMS text-only implementation was driven by openCDM S
[14], an open source, secure online platform, which facilitated
both the sending of questions and the storing of responses
(Figure 3). openCDM SisaWeb-enabled server-side application
written in Java developed for electronic data collection in
clinical studies and trials. It had pre-existing capabilities for
SMS text messaging, individual participant records, and study
guestionnaires. Where new functionality was needed for the
text message system, it was specifically devel oped.

Semistructured I nterviews

The PANSS[13] was conducted by an experienced administrator
before and after each period of sampling. The PANSS is a
semistructured interview assessing positive (7 items), negative
(7 items), and global (16 items) symptoms of psychosisand has
been extensively validated [13,15]. In this study, the PANSS
was employed to provide convergent validity to the adapted
mobile phone assessment depression items and to determine
which form of delusions should be assessed.

Quantitative Feedback Questionnaire

A purpose-designed quantitative feedback questionnaire was
devel oped to assess the acceptability and feasibility of the native
smartphone application and SMS text-only implementations
(see Tables3and 4). Thisincluded reactivity to the methodol ogy
and whether it had been successfully integrated into an
individual's everyday routine. Three items were taken from a
previous study assessing the use of PDAs in individuals with
psychosis [16]. These were “Overdl, this was stressful”,
“Overal, this was challenging”, and “Overal, this was
pleasing”. All items were rated from 1 (Not at al) to 7 (Very
much so). In order to gauge the feasibility of the two methods
of mobile phone assessment in the long-term management of
patient’'s symptoms, participants were also asked to the
maximum length of timewithin which they hypothetically would
be willing to complete questions with each delivery modality.
At the end of the study, participants were also asked which
delivery modality they found easier to use and which they
preferred  (smartphone  application, SMS  text-only
implementation, or no preference).
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Table 1. Core functionality common to both the native smartphone application and text-message systems.

Configurable number and times of question sets each day At the start of the study, this can be configured for the desired number
of questions sets and the times of these questions. During this study, 4

question sets per day were used.

Configurable questions Thewording of the questionsis set up at the start of the study. It iseasily
configurable to support multiple studies with different questions. In ad-
dition, delusion questions are configured at the point when the researcher

meets with the participant, through an administrative dialogue.

Multiple question sets Multiple sets of questions are supported, and the software will switch
between these at each consecutive alarm. So, if there are 2 question sets,
it will ask set 1 at the first alarm, set 2 at the second, set 1 at the third,
etc. The only exception to thisisif the participant fails to answer some
of the questions. In that case, the same question set is presented again at

the next alarm.

Question branching The next question displayed to the user can depend on the answer to one
or more previous questions. This allows the questions asked to match
the participant’s symptoms or situation. For example, if a participant
does not endorse the first question about aparticular psychotic symptom,
all remaining questions about it will be skipped. This means that the

participant does not waste time answering unnecessary questions.

Questionnaire timeout A time window is enforced, within which the questionnaire has to be
completed. No further answers will be accepted outside of thistime

window.

Logging Thetime at which each question was answered is recorded to the nearest
second. This can be used to analyze the time taken to answer each
question as well as the time to complete the whole questionnaire.

Branching logic A range of different branching logic typesis available. In the following
list, thefirst threeitems apply to branching based on an answer to asingle
question. All other items are applicable when branching is based on an-

swers to multiple questions.

o« Lessthan
«  Greater than
« Equato

«  Greater than sum
« Lessthansum

« Oneisless

o Oneisgreater

« Allaeless

o All are greater

Table 2. Human-machine interface difference between native smartphone application and SM 'S text-only implementations of the common diagnostic

assessment.
Native smartphone application SMS text message

Alerts Reuses Android’s Alarm Manager so user defin-  Alert is the phone's SMS dlert, triggered when
able alerts are available; delivered at semiran- @ SMS question is received; delivered at semi-
dom intervals during the data collection period; random intervals during the data collection peri-
users can snooze the alert to be reminded 5 od. Aseach questionisdelivered asan SM Stext
minutes later. Only asingle alert for each ques- message, an aert istriggered for each question.
tion set. A reminder SMSis sent after 5 minutesif no

responseis received.

Questions Presented as one question per pageinthe appli- Delivered as SM S text messages one question
cation. User isableto navigate through thepages per SMS. User must respond with an SM S text
of questions. message and wait for the next question in the

Set.

Datainput Continuous slider bar, user slides with finger User enters number between 1 and 7 asare-
touching screen. Position of slider mappedto 7-  sponse.
point Likert scale.

Saving data Fully automatic, no user input required User must send SM'S text message containing

the response valuein reply to the question to
record their response.
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Figurel. A typica question from the Android app implementation, showing the full screen with the question and the slider for data entry.
#il @ 10:21 AmM

Figure 2. The start screen shown to the user in the Android app at the start of each set of questions (from which the users may proceed or delay
["snooze"] for afurther 10 minutes they wish).
#0 Rl & 2z41rm

It is time to complete the

questionnaire. Click OK to start
or snooze for a short delay
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Figure 3. SMS configuration screen implemented in openCDMS.
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= Day 1 Event 1 |

+-E Day 1 Event 2
+-E Day 1 Event 3
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+-E Day 2 Event 3
+-5 Day 2 Event 4
+-= Day 3 Event 1
+-= Day 3 Event 2
+-E3 Day 3 Event 3
+-5 Day 3 Event 4
+-= Day 4 Event 1
+-= Day 4 Event 2
+-E3 Day 4 Event 3
+-5 Day 4 Event 4
= Day 5 Event 1
+-= Day 5 Event 2
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+-= Day 6 Event 1
+-= Day 6 Event 2

¢

Which group is the participant in?

| 5[4

Primary Delusion

@® 1. No Delusion

@ 2.1have felt like [ could read other people's thoughts (1-7, 1 = disagree 7 = agree)?

) 3.1have felt like other people were reading my thoughts (1-7, 1 = disagree 7 = agree)?

@ 4.1 have felt that my thoughts were being controlled or influenced (1-7, 1 = disagree 7 = agree)?

© 5.1 have felt like my thoughts were alien to me in some way (1-7, 1 = disagree 7 = agree)?

@ 6.1 have felt like the world is not real (1-7, 1 = disagree 7 = agree)?

 7.1have felt like [am not real (1-7,1 = disagree 7 = agree)?

) 8.1have felt like people were not what they seemed (1-7, 1 = disagree 7 = agree)?

) 9.1have felt like things on the TV, in books or magazines had a special meaning for me (1-7, 1 = disagree 7 = agree)?
) 10.1 have felt like there was a conspiracy against me (1-7, 1 = disagree 7 = agree)?

@ 11.1 have felt jealous (1-7, 1 = disagree 7 = agree)?

) 12. T have felt like something bad was about to happen (1-7, 1 = disagree 7 = agree)?

+-E3 Day 6 Event 3
+-7 Day 6 Event 4
+-E Demol
+ 5 Demo2

Secondary Delusion
@ 1. No Delusion

) 13.1 have felt distinctly concerned about my physical health (1-7, 1 = disagree 7 = agree)?

) 2.1have felt like [ could read other people's thoughts (1-7, 1 = disagree 7 = agree)?
) 3.1have felt like other people were reading my thoughts (1-7, 1 = disagree 7 = agree)?
© 4.1 have felt that my thoughts were being controlled or influenced (1-7, 1 = disagree 7 = agree)?

<C

5

Diagnostic Assessment Items

Seven different symptom dimensions were assessed using
previously validated mobile phone assessment scales. In order
to minimize the burden on participants, these were split into
two aternating sets. In set one, hopelessness (2-4 items),
depression (2-6 items), and hallucinations (2-8 items) were
assessed; and in set two, anxiety (1-4 items), grandiosity (2-3
items), paranoia (3-6 items), and delusions (0-8 items) were
examined. Therefore, although there were four assessment
points, each set of questions was assessed only twice per day.
All questionsrelated to the period of timethat had elapsed since
thelast entry. Itemswere branched so that the questions changed
depending on an individual’s previous responses.

The depression subscale was adapted from the origina
validation study in an effort to increase its association with the
PANSS depression scale, since the correlation was moderately
low. The new subscale consisted of the items: “I have felt
miserable’ (new), “I have had no interest in seeing other people”
(new), “I have felt worthless” (new), “I have felt sad”, “My
mood has affected my appetite or sleep”, and “I have had
thoughts about harming myself”. As a result, the correlation
between the mobile phone assessment scale and the PANSS
was increased from rho = 0.45 (P=.01) in the original research
to rho = 0.56 (P=.01) in the current study (calculated for the
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week of sampling with the native smartphone application). A
strong correlation indicates that the interview and mobile
phone-based assessments are tapping into similar concepts. The
adapted depression assessment scale a so showed considerable
variability across time (mean squared successive difference:
2.2 (SD 2.9); within participant standard deviation: 0.8 (SD
0.6), suggesting that it was sensitive to subtle fluctuations in
maood.

A wide range of delusions have been reported in the psychosis
literature [17,18]. Therefore, during theinitial briefing session,
the researcher selected which delusion items were presented to
the participant through the administrative dialogue. The choice
of items was based on consultation with clinical staff and an
initial PANSS interview to assess symptoms. For those
individual s experiencing three or greater delusions, those two
with the greatest conviction and distress were entered. The
frequency of the different delusionswere: “| havefelt like other
people were reading my thoughts’ (n=5), “I have felt that my
thoughts were being controlled or influenced” (n=4), “I have
felt like | could read other people's thoughts’ (n=3), “I have
felt like things on the TV, in books or magazines had a special
meaning for me” (n=3), “I have felt like something bad was
about to happen” (n=2), “1 have felt distinctly concerned about
my physical health” (n=2), and “I have felt like my thoughts
were aiento mein someway” (n=1). The delusion items were
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kept constant for each participant across the two conditions of
thetrial.

Procedure

A randomized repeated measures crossover design was
employed. Participants were randomly alocated to either
completing 6 days of sampling using the native smartphone
application implementation on a smartphone provided to them
for the purpose of the study, or via SMS text-only
implementation using their own phone. There was then a 7-day
rest period in order to reduce carryover effects before the
individual completed a further 6 days of sampling with the
dternate delivery modality. Each participant, therefore,
completed two periods of sampling: 1 week with the native
smartphone application implementation and 1 week with the
SMS text-only implementation. Randomization was achieved
through the openCDM S software. openCDM S uses a permuted
block randomizer, and in this case we used a minimum block
size of 4 and maximum of 6.

The researcher initially met with participants to obtain written
consent and demographic information, complete clinical
interviews, provide training in the first delivery modality, and
administer practice questions. The participant number and
delusion items were set by the researcher on either a
password-protected administrators page (on the native
smartphone application) or through the openCMDS website (on
the SMS text-only implementation). The volume of the alarm
prompts was also set according to the preference of the
participant when using the native smartphone application
implementation.

On each day of sampling, participants could complete a
maximum of four sets of questions, available at pseudorandom
times (selected by a random number generator at least 1 hour
apart) when prompted by the mobile phone device between
09:00 and 21:00 hours. All participants had 15 minutes from
thefirst alarm within which to compl ete the questions. A forced
entry time was thought to prevent a self-selection bias (ie,
answering the questions only when asymptomatic) [19]. The
researcher telephoned once or twice (as per the participant’'s
preference) during the week in order to encourage compliance,
answer questions, and to ascertain any problems with the
software. The researcher attempted to keep the number of calls
made to participants balanced over the two conditions:
smartphone: mean, 1.7 (SD 0.5); text-messages: mean, 1.7 (SD
0.6).

Upon completion of the first week of sampling, the researcher
met with the participant to re-administer the clinical interviews
and to gather quantitative feedback on the first device. This
procedure was then repeated the following week with the
aternatedevice. At the end of the study, participantsrated which
device they preferred and found easier to use. Quadlitative
interviews were also conducted (the results of which are
provided in a separate manuscript).

Participants on pay-as-you-go tariffs received £50 worth of
phone credit, which they topped up prior to the week of
text-message questions. If the participant was on acontract tariff
(ie, direct debit) but did not have unlimited free texts, then they
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were reimbursed £50 at the end of the study. All participants
were reimbursed an additional £30 upon completion of both
sampling procedures.

Statistics

All analysis was conducted in Stata 10.0 [20]. Firgt, it was
important to determine whether therewas an interaction between
period and delivery modality alocation. Delivery modality order
(smartphone application then SMS text-only implementation
or SM Stext-only implementation then smartphone application)
was entered into regression analysis as a predictor of the total
score for each of the three outcome measures (mean time taken
for each entry, number of completed data points, or quantitative
feedback score) summed acrossthetwo conditions. A Spearman
correlation was used to assess the similarity between scores
across the two conditions.

Subsequent analysis was performed in anested (long) form of
the data. This data structure violates the assumption of
independent observations meaning that additional constraints
need to be placed on the statistical models. Multilevel modelling
(xtreg) was therefore used to investigate whether delivery
modality (smartphone application or SMS text-only
implementation) or time-point (week 1 or week 2) significantly
predicted any of the outcome variables. The outcomes were the
mean time taken to complete each entry, the number of
completed data points, and quantitative feedback scores. Asthe
highest level of clustering, participant number was entered as
the random effect.

Bootstrapping was used to account for the use of non-normal
distributed variablesin all analysis. This has been suggested as
an appropriate aternative when parametric assumptions are not
met [21]. The variables were manually standardized in order to
aid the interpretation of the results.

Results

We were not able to keep a systematic record of how many
individuals were approached by their care coordinators for
participation and declined. However, it was the impression of
clinical teams that the refusal rate was around 30%. Of the 38
individuals who were referred to the research team, 8 changed
their mind, 3 were unable to be contacted, and 3 were deemed
ineligible prior to consent. This provided a final sample of 24
individuals, al of whom completed the feedback assessments
(ie, no participants withdrew from the study). One individual,
however, did ask for the SM S text-only assessment to be ended
2 days early because she found it was making her ruminative.

Testing for an Interaction Between Sampling Period
and Method of Assessment

First, we assessed whether there was an interaction between the
sampling period and device type. Regression analysis showed
that the order of the two conditions did not significantly predict
the total number of entries an individual completed (3 =.06,
SE.22, P=0.78), nor the length of time it took to complete each
entry (3 =-.06, SE.20, P=.78). However, starting with the SMS
text-only implementation did show nonsignificantly increased
negative appraisals of the devices (B = -.35, SE.20, P=.08).
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Comparing Native Smartphone Application and SM S
Text-only mplementation

The number of entries compl eted during sampling was strongly
correlated between the two delivery modalities (rho = 0.61,
P=.002). When controlling for order effect, participants
completed significantly greater numbers of entries on the native
smartphone application when compared to SMS text-only
implementation (Tables 3 and 4). Past studies have defined
compliance as completing at least one-third of all possible data
-points [22]. Using this criterion, 88% (n=21) of individuals
were compliant when using the native smartphone application,
whereas 71% (n=19) were compliant when using SM Stext-only
implementation. Participants completed a significantly greater
number of entries in week one (mean = 16.4, SD 16.4) when
compared to week two of sampling (mean =13.7, SD 6.5; 3 =
-.22, SE=.11, P=.04). When broken down by day, participants
completed amean of 3.4 (SD 0.8) entriesonday 1, 3.8 (SD 0.5)
onday 2,3.0(SD 1.2) onday 3,3.4(SD 1.1) onday 4, 3.0 (SD
1.3) onday 5, and 3.1 (SD 1.2) entries on day 6 when using the
smartphone application. When using the SM S system this was
lower at 2.3 (SD 1.4) entrieson day 1, 2.4 (SD 1.3) entries on
day 2, 2.6 (SD 1.5) entrieson day 3, 2.6 (SD 1.3) entrieson day
4,2.0(SD 1.4) entrieson day 5, and 1.9 (SD 1.7) entrieson day
6.

The length of time taken to complete each entry was highly
correlated between the delivery modalities (rho = 0.62, P=.02),
suggesting that those individual s who took longer on the native
smartphone application also took longer to complete the SMS
text-only implementation. However, as can be seen in Tables
3 and 4, individualstook an average 68.4 seconds (SD 39.5) to
complete a full set of questions on the native smartphone
application and 325.5 seconds (SD 145.6) on the SM Stext-only
implementation ( = 0.78, SE 0.09, P<.001). Thus, questions
setstook 4.8 timeslonger on the SM Stext-only implementation,
than on native smartphone application. There was no significant
differencein the length of time (seconds) it took participantsto
complete entries in week 1 (mean = 210.4, SD 171.3), when
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compared to week 2 (mean = 183.5, SD 166.3; 3 =-.08, SE=.09,
P=.36) of sampling.

Thetotal quantitative feedback scoresfor each devicewereaso
strongly correlated (rho = 0.48, P=0.02), suggesting that
appraisals of the procedure were similar across both delivery
modalities. No significant difference was observed for the total
guantitative feedback score when comparing the two delivery
modalities. Although none of the individual quantitative
feedback items were significantly different, nonsignificantly
higher scores (suggesting greater agreement) were observed for
SM S text-only implementation on the items “ Were there times
where you had to stop doing something in order to answer the
questions?’, "Were there times when you felt like not
answering?’, and “Was filling in the questions inconvenient?’
(Table 3).

When considering an order effect, participants scored higher
on the items “Were there times when you felt like not
answering?’ (week 1 mean 2.2, SD 1.1), week two mean 3.1,
SD 2.2; 3 =0.26, SE=.12, P=.03) and “Wasiit difficult to keep
the device with you or carry it around?’ (week 1 mean 1.8, SD
1.2; week 2 mean 2.6, SD 1.9; 3 = 0.26, SE=.12, P=.03) in the
second, when compared to the first week of sampling. No other
significant order effects were observed on the quantitative
feedback scores.

Participants a so reported the maximum length of time within
which they would hypothetically be willing to complete
guestions on each delivery modality, which isdisplayed in Table
5. At the end of the final period of sampling, 67% (n=16) of
individuals preferred the native smartphone application, 13%
(n=3) of people preferred SM S text-only implementation, and
21% (n=5) of people had no preference. Additionally, 71%
(n=17) of individuals found the native smartphone application
easier to use, 17% (n=4) of people found SMS text-only
implementation easier to use, and 13% (n=3) of people had no
preference. Worthy of noteisthat 2 out of the 3individualswho
preferred their own phone currently owned asmartphone, which
they used to complete the SM S text-only implementation.
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Table 3. Quantitative feedback scores for the native smartphone application and SM S text-only implementation, and summary statistics.

Native smartphone application ~ SMS text-only implementation

Mean SD Min Max Mean SD Min Max gF SE
Time taken to complete questions (seconds) 68.4 395 188 1797 3255 1456 1188 6869 0.78°%! 009
Number of entries completed 16.5 55 40 240 135 6.6 0.0 24.0 -0.25%2 0.11
Did answering the questions take a lot of work? 18 11 1 5 23 16 1 6 0.17 0.13
Were there times when you felt like not answering? 2.3 13 1 5 3.0 21 1 7 0.21% 0.12
Did answering the questions take up alot of time? 1.7 09 1 4 23 16 1 7 0.24 0.14
Were there times where you had to stop doing
something in order to answer the questions? 34 17 1 7 41 17 1 7 0.2010 0.12
Was it difficult to keep track of what the questions
were asking you? 16 12 1 7 19 17 1 7 0.11 0.15
Wereyou familiar with using thistype of technology? 4.7 23 1 7 53 22 1 7 0.14 0.14
Was it difficult to keep the device with you or carry
it around? 19 14 1 6 24 18 1 6 0.16 0.12
Did you ever lose or forget the device? 17 09 1 4 18 14 1 6 0.06 0.13
Was using the key pad/touch screen difficult touse? 2.0 13 1 5 18 14 1 6 -0.08 0.15
Do you think other people would find the software
easy to use? 53 18 2 7 59 14 3 7 0.19 0.16
Do you think you could make use of this approach
inyour everyday life? 4.0 18 1 7 3.9 22 1 7 -0.02 0.13
Do you think that this approach could help you or
other service users? 53 19 1 7 5.6 12 3 7 0.11 0.15
Overall, this experience was stressful. 18 11 1 5 18 13 1 6 -0.04 0.18
Overall, this experience was challenging. 22 16 1 7 2.7 17 1 6 0.16 0.13
Overal, this experience was pleasing. 37 20 1 7 37 17 1 7 0.01 0.11
Did filling in the questions make you feel worse? 1.8 11 1 5 21 14 1 5 0.14 0.15
Did filling in the questions make you feel better? 28 15 1 6 30 16 1 7 0.08 0.13
Did you find the questions intrusive? 22 12 1 4 2.6 18 1 7 0.15 0.14
Was filling in the questions inconvenient? 20 10 1 4 25 14 1 5 0.23%° 0.14
Did you enjoy filling in the questions? 36 20 1 7 37 16 1 7 0.01 0.12
Total quantitative feedback score (positive items re-
versed): 53.0 112 33 76 56.2 14.2 27 88 0.13 0.10

Table 4. Quantitative feedback scores for the native smartphone application and SMS text-only implementation—-momentary assessment symptom

scores.

Momentary assessment symptom scores Native smartphone application SMSS text-only implementation
Mean SD Min Max Mean SD Min Max

Hallucinations 2.7 18 1.0 6.5 25 18 1.0 6.0
Anxiety 28 2.0 1.0 6.3 21 14 1.0 6.4
Grandiosity 23 15 1.0 6.0 23 14 1.0 6.0
Delusions 20 13 1.0 51 19 11 1.0 4.7
Paranoia 29 18 11 6.5 26 17 1.0 7.0
Hopelessness 3.2 14 10 57 3.0 13 1.0 51
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Table 5. Maximum length of time willing to complete questions on the two implementations.

Maximum length of time willing to complete questions Smartphone Text messages

n (%) n (%)

U<2 weeks 2 (8%) 3 (13%)

2-3 weeks 10 (42%) 10 (42%)

3-4 weeks 1 (4%) 5 (21%)

4-5 weeks 3 (13%) 1 (4%)

5+ weeks 8 (33%) 5 (21%)
Discussion Somewhat surprisingly, the two delivery modalities did not

The objective of this study was to compare two different
delivery modalities of the same diagnostic assessment for
individuals with nonaffective psychosis—a native smartphone
application employing agraphical, touch user interface against
an SMS text-only implementation. The overall hypothesis of
the study wasthat parti cipants with serious mental illnesswould
find both systems feasible and acceptable to use, measured by
the quantitative postassessment feedback questionnaire scores,
the number of data points completed, and the time taken to
complete the assessment. We also predicted that participants
would complete a significantly greater number of data points,
in less time, when using a native smartphone application when
compared to the text messages and that the former software
would be more positively appraised. The length of time that
participants would hypothetically be willing to complete
questions was al so assessed in order to gauge the feasibility of
longer-term assessment.

In line with the hypotheses, participants completed a
significantly greater number of entrieson the native smartphone
application (69%, mean = 16.5), when compared to the text
message interface (56%, mean = 13.5). It is desirable to keep
missing datato aminimum in order to generate arepresentative
picture of an individua’s symptoms over time. Other studies
have observed similarly high rates of compliance to the native
smartphone application when using PDAS (ie, 69-72%) [7,23].
The increased usability and streamlined, graphical interface
seen in purpose built software applications may encourage
greater levels of compliance than those of SMS text-only
implementations.

On average, sets of questions on the SMS text-only
implementation took 4.8 times longer to complete when
compared to the native smartphone application, which may have
contributed to the reduced rates of compliance seen with this
method of sampling. Although just failing to reach statistical
significance, the quantitative feedback highlighted greater
disruption to activities and inconvenience and less inclination
to complete the questions when participants used the SMS
text-only implementation. Thisis perhaps understandable given
the greater time investment incurred by this method. Past
research has suggested that the movement of mobile technology
from the foreground to the background of an individua'’s life
represents an important step in the accommodation of these
technologies [24], which may be less likely if it perceived as
burdensome.

http://www.jmir.org/2013/4/e60/

differ inany of the other quantitative feedback items or the total
guantitative feedback score. The mean scores suggest that these
appraisalswere generally positive across both conditions. Thus,
both forms of technology were deemed acceptable and well
integrated and may represent suitable methods for facilitating
real-time assessment. However, in the forced choice questions,
the majority of the sample stated that they preferred the native
smartphone application and that they found it easier to use,
suggesting that this may be amore attractive delivery modality.
Of the three individuals who preferred the SMS text-only
implementation, two currently owned asmartphone, which they
used for completing the text messages. These mobile phones
may have allowed for a more streamlined text system (eg,
threaded messages) reducing the differences between the two
types of devices.

Whilethe mean quantitative feedback scores suggested generally
positive appraisals of both delivery modalities, these varied
considerably between individuals. For example, some
participants stated that they felt thistechnology could help them,
whereas otherswere more skeptical about its advantages. Some
participants reported mild negative reactivity to the method. It
is possible that mobile phone assessment is less suitable in
certain subgroups of patients, and in its future application,
reactivity should be carefully monitored.

As this technology makes the transition from research to
real-world clinical application, it will be vital to assess the
feasibility and uptake of this software over longer periods of
time and the factors influencing nonparticipation and
withdrawal. In this study, participants completed fewer entries
in the second week of sampling. Additionally, only athird of
participants said they would be willing to complete the
procedure for 5 or more weeks with the native smartphone
application, with an even lower percentage for the SMS
text-only implementation (21%). In the future, it may be
necessary to employ machine learning in order to tailor the
choice of questions and sampling ratesto the service user [25],
while placing particular emphasis on symptoms of primary
concern to their clinical team. Person-tailored sampling could
increase the feasibility of conducting longer-term rea-time
assessment. Automated and clinician-delivered feedback, or
monetary incentives, may also promote acceptance and
compliance.

In conclusion, this study provides data to suggest that both
native smartphone applications and SMS text-only
implementation represent acceptabl e technol ogiesfor facilitating
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real-time assessment in individual swith nonaffective psychosis.  procedure and moderate rates of nonparticipation by those
However, the native smartphone application was found to be  approached to take part. In the future, it will be important to
preferableto SMStext-only implementation intermsof greater  upload software applications onto individual’s own phone rather
data point completion and shorter response times. Limitations  than issuing them with an additional device.

of thisstudy includethe relatively modest length of the sampling
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Abstract

Background: Thereisgrowing interest in the use of information communication technologies to treat obesity. An intervention
delivered by smartphone could be a convenient, potentially cost-effective, and wide-reaching weight management strategy.
Although there have been studies of texting-based interventions and smartphone applications (apps) used as adjuncts to other
treatments, there are currently no randomized controlled trials (RCT) of a stand-alone smartphone application for weight loss
that focuses primarily on self-monitoring of diet and physical activity.

Objective: Theaim of thispilot study wasto collect acceptability and feasibility outcomes of a self-monitoring wei ght management
intervention delivered by a smartphone app, compared to a website and paper diary.

Methods: A sample of 128 overweight volunteers were randomized to receive a weight management intervention delivered by
smartphone app, website, or paper diary. The smartphone app intervention, My Meal Mate (MMM ), was developed by the research
team using an evidence-based behavioral approach. The app incorporates goal setting, self-monitoring of diet and activity, and
feedback viaweekly text message. Thewebsite group used an existing commercially avail able slimming website from a company
called Weight Loss Resources who also provided the paper diaries. The comparator groups delivered a similar self-monitoring
intervention to the app, but by different modes of delivery. Participants were recruited by email, intranet, newdl etters, and posters
from large local employers. Trial duration was 6 months. The intervention and comparator groups were self-directed with no
ongoing human input from the research team. The only face-to-face components were at baseline enrollment and brief follow-up
sessions at 6 weeks and 6 months to take anthropometric measures and administer questionnaires.

Results: Tria retention was 40/43 (93%) in the smartphone group, 19/42 (55%) in the website group, and 20/43 (53%) in the
diary group a 6 months. Adherence was statistically significantly higher in the smartphone group with a mean of 92 days (SD
67) of dietary recording compared with 35 days (SD 44) in the website group and 29 days (SD 39) in the diary group (P<.001).
Self-monitoring declined over timein all groups. In an intention-to-treat analysis using baseline observation carried forward for
missing data, mean weight change at 6 months was -4.6 kg (95% CI —6.2 to —3.0) in the smartphone app group, —2.9 kg (95% ClI
—4.7t0-1.1) in the diary group, and —1.3 kg (95% Cl —2.7 to 0.1) in the website group. BMI change at 6 months was 1.6 kg/m?
(95% Cl —2.2 to —1.1) in the smartphone group, —1.0 kg/m? (95% CI 1.6 to —0.4) in the diary group, and —0.5 kg/m? (95% Cl
—0.9 t0 0.0) in the website group. Change in body fat was —1.3% (95% CI —1.7 to —0.8) in the smartphone group, —0.9% (95%
Cl -1.5t0-0.4) in the diary group, and —0.5% (95% CI —0.9 to 0.0) in the website group.

Conclusions: The MMM app is an acceptable and feasible weight lossintervention and afull RCT of this approach iswarranted.

Trial Registration: ClinicalTrials.gov NCT01744535; http://clinicaltrial s.gov/ct2/show/NCT01744535 (Archived by WebCite
at http://www.webcitation.org/6FEtc3PV B)
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Introduction

Obesity is estimated by the World Health Organization to be
the fifth leading risk for global deaths [1], and it is associated
with arange of serious and difficult to treat conditions, such as
diabetes, some cancers, and heart disease. In the United
Kingdom, obesity isamajor public health concern reported to
affect aquarter of the adult population [2]. The economic burden
to the National Health Service (NHYS) is significant, with the
direct cost of spending on overweight and obesity estimated at
£4.2 billion in 2007 [3]. The effective treatment of obesity and
overweight is challenging and NHS primary care struggles to
provide effective support to meet demand [4]. A large
community-based survey showed that individuals desire
alternatives to face-to-face weight loss treatments and, if given
the choice, some would be interested in engaging with minimal
contact weight management programs [5].

Weight management interventions based on information and
communication technology (ICT) provide an opportunity to
engage a wide audience in a potentially flexible and
cost-effective way. In recent years, research into mobile devices
to facilitate dietary and physical activity self-monitoring and
weight-related behavior change has grown. Mobile phones, in
particular, are an intuitively appealing intervention platform
given that they are ubiquitous, engaging, and portable [6].
Researchers have investigated text message short message
service (SMYS) interventions to promote change in diet [7-9]
and physica activity [10,11]. For example, in a small
randomized controlled trial (RCT) (N=75) an SMSintervention
lasting 16 weeks led to a mean weight loss of 2.1 kg (95% ClI
-3to-1) in agroup receiving daily text messages compared to
0.4 kg (95% CI -1to 1) in the control group [7]. However, in a
follow-up study, alarger 12-month RCT of an SMSintervention
in 170 overweight and obese adults showed no statistically
significant difference in weight loss between the intervention
and control group [12]. In that study, adherence to the
text-messaging intervention was found to be related to greater
weight loss and the authors concluded that text messages might
be auseful adjunct to aweight loss program. Researchers have
also investigated dietary self-monitoring-based electronic
interventions using personal digital assistants (PDAS), electronic
portable devices that share some of the features of mobile
phones. A 6-month RCT compared a PDA alone and a PDA
with feedback to a paper diary in a sample of 210 overweight
adults. The PDA group (combined with feedback) had the
highest proportion of participants achieving greater than 5%
weight loss (63% compared with 46% in the PDA aone and
49% in the food diary alone) after 6 months [13].

A number of smartphone applications (apps) that use the
computational ahilities of the phone for self-monitoring rather
than just the SM S component have been developed (14-17) and
tested. For example, a mobile app developed for a Nokia
platform, Wellness Diary, allows usersto record health-related

http://www.jmir.org/2013/4/e32/

data such as weight, sleep, and physical activity, and receive
feedback on input [14-16]. The Patient-Centered Assessment
and Counseling Mobile Energy Balance (PmEB) app alows
users to log food intake from a limited database of foods and
track calorie balance [18]. Anaother app, UbiFit, was devel oped
to promote change in physical activity [19]. However, none of
these apps have been formally evaluated in an RCT. In arecent
6-month RCT, 96 overweight and obese participants were
randomized to either a group receiving podcasts only or an
enhanced group using the podcasts, Twitter, and a smartphone
app called FatSecret for self-monitoring [20]. In this study, the
enhanced group were not found to have greater weight lossthan
the podcast-only group.

We devel oped asmartphone app for weight losscalled My Meal
Mate (MMM). The enhanced computational ability of a
smartphone alows detailed self-monitoring (of diet, physical
activity, and weight) and feedback via text message to be
combined into 1 intervention. The MMM app uses an Android
operating system so it can be trialed on an up-to-date and
popular handset. The app has been benchmarked against
commercialy available systems, such as MyFitnessPal [21],
and contains alarge, detailed UK-branded food database [22].
These factors are important to engage users with the app in a
real-life setting. Although there have been RCTs using
text-messaging interventions for weight management, PDAs
for self-monitoring and smartphone apps as adjuncts to other
weight management interventions, to our knowledge there have
not been any RCTs of a smartphone app as a weight loss
intervention in itself using both self-monitoring and
text-messaging functions. A trial of this type is necessary
because smartphone apps are readily available to the public to
download and likely to be used as a stand-alone intervention
rather than as an adjunct to another intervention (such as
podcasts or face-to-face advice). The aim of this pilot was to
test the acceptability and feasibility (recruitment, dropout, and
adherence) of MMM with aview to informing alarger trial.

Methods

Recruitment Strategy

Participants were recruited from large employerswithin L eeds,
United Kingdom, by advertising through email, intranet, posters,
and newsletters. Advertising material encouraged participants
to contact the research team, following which they wereemailed
information sheets and an €ligibility questionnaire. The
eligibility criteriawas abody massindex (BMI) of =27 kg/m?;
aged 18 to 65 years; willing to commit the necessary time and
effort to the study; employed by alarge employer in Leeds; not
pregnant, breast-feeding, or planning a pregnancy; not taking
antiobesity medication or medication/insulin for diabetes; never
had surgery for weight loss; not taking the antidepressant
sertraline (due to associations with weight gain); able to read
and write in English; able to access the Internet; and willing to
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be randomized to 1 of 3 groups. An inclusion cutoff BMI of
>27 kg/m?, as opposed to the more familiar cutoff point of 25

kg/m?, was chosen to ensure that participants had a reasonable
amount of weight to lose in 6 months before maintenance of
weight loss and also as a safety measure so that they would be
unlikely to lose so much weight that they fell below the defined
healthy BMI range given that the app would be used for 6
months without any clinical supervision.

I nterventions

Theresearchers devel oped the MMM smartphone app for weight
loss to be used on an Android operating system. Figures 1 and
2 are screenshots of the app. During development of MMM,
several commercially available systems, such as MyFitnessPal
and Calorie Counter, were informally evaluated by the
researchers and by discussion in focus groups with potential
system users. The MMM app was benchmarked in this way to
produce an app of equivalent appearance and functionality as
other apps available to the general public to download. Current
UK evidence-based obesity guidelines advocate a lifestyle
change approach to treatment [23]; therefore, in-line with this,
the key behavioral strategies of goa setting, self-monitoring,
and feedback underpin the MMM app. The MMM app alows
users to set a weight loss goal and self-monitor daily calorie
intake toward achieving that goal. Users select the food and
drink consumed from a database and log itemsin an electronic
food diary. Physical activity can also be recorded in the diary
enabling the user to receive instant feedback on their energy
expenditure. Progressistracked graphically and further support
is provided through tailored weekly text messages. A library of
text messages was created and each message was triggered
according to progress toward the users' calorie targets. The
messages aimed to enhance the users self-efficacy by
encouraging the users to rehearse their weight loss goals and
reinforce positive behavioral beliefs (about competence,
confidence, and mastery). The MMM app has several usability
features, such asthe ability to take photographs of food to serve
as a memory aid, and store favorite meal combinations and
recently used items. The app has an associated Web interface
to upload the recorded data. A unique feature of MMM is the
large UK-specific branded food database which was provided
by Weight Loss Resources, a commercial company [22]. The
database contains 23,000 food and drink records that reflect
both generic and branded items. The diet measures captured on
MMM have been found to correlate well with a reference
measure of diet [24]. There are a series of YouTube videos
which give a detailed account of each feature of the MMM app
that participants were able to directly link to for help [25].

The MMM app was compared against 2 other self-monitoring
interventions to allow comparison of self-monitoring on a
mobile phone against other approaches. The comparison groups
used either a self-monitoring slimming website [22] or afood
diary accompanied by a calorie-counting book [26]. The
comparison interventions provided an opportunity to deliver a
similar self-monitoring intervention by different mediums
because each provides goal setting and self-monitoring by using
the same Weight L oss Resources food database.

http://www.jmir.org/2013/4/e32/
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Procedure

Thetrial design was a 3-armed parallel group randomized trial.
As a pilot tria, the primary outcomes were feasibility and
acceptability outcomes of adherenceto the trial and adherence
to the interventions (frequency of use). Secondary outcomes
were anthropometric, which were objectively measured to give
anideaof effect size. Eligible participantswereinvited to attend
abaseline enrollment session at the University of Leeds where
height, weight, and percentage body fat (BF) were measured
by research assistants, and baseline questionnaires
self-completed. The questionnaires were designed to collect
information on demographics, technology usage, attitudes
toward weight loss, physical activity [27], eating behavior [28],
and avariety of psychosocia variables[29,30]. Weight (without
shoes) and BF were measured by using Weight Watchers 8958U
Body Analyser Scale portable weighing scales. Height (without
shoes) was measured using a portable stadiometer to the nearest
0.1 cm. After measurements were taken, participants were
randomized by a process of minimization using the Minim
software package [31] to 1 of 3 groups. The minimization
balanced equally at the medianson 3 factors: starting BMI, age,
and gender. Minimization was used because this method has
the advantage over simple or stratified randomization of
providing very similar balanced groupsin small samples[32].

After randomization, groups of participants were taken to
separate roomsto receive standardized training in their allocated
study equipment. Participants were instructed to use the study
equipment every day for aweek and then to use it as much as
they desired over the trial period. The smartphone group were
given a HTC Desire smartphone with the MMM app
predownloaded, the website group were given a voucher
providing 6 months access to the Weight Loss Resources
website, and the food diary group were given apaper food diary,
acalorie-counting book, and a calculator. All participants were
given accessto an Internet forum for socia support. Thebaseline
enrollment sessions took place over the month of June 2011
with participantsenrolling in small groupsat atime. Participants
returned for repeat measures at 6 weeks and 6 months after
randomi zation. Eval uation questionnaires were al so administered
at 6 weeks and 6 months. At 6 months, study equipment was
returned. Because of the nature of the interventions, it was not
possibleto blind participantsto their assignment. Fieldworkers
carrying out measurements on parti cipantswere blinded to group
assignment and participants were asked not to discuss their
group allocation when measurements were taken.

Sample Size Deter mination

This was not a phase |11 trial; therefore, a forma sample size
calculation was not appropriate and there are few published
guidelines on recommended sample sizes for pilot trias. The
trial aimed to recruit a sample size of 135, which was a
pragmatic decision based partly on the amount of available
study equipment.

Statistical Analysis

Statistical analysis was carried out using Stata Statistical
Software Release 11 (StataCorp L P, College Station, TX, USA).
Most analyses are descriptive because thiswas a pilot trial and
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not powered to detect weight change. The effectiveness of the
minimization procedure was assessed by determining baseline
bal ance among the groups. When analyzing differences among
the 3intervention groups, 1-way analysisof variance (ANOVA)
was used for continuous outcomes found to be normally
distributed or the Kruskal-Wallis test when data were not
normally distributed. For the analysis of completers versus
noncompl eters, t tests were used for continuous outcomes that
were normally distributed and the Wilcoxon rank sum test for
non-normally distributed outcomes. Differences among groups
for categorical datawere analyzed by using Chi-square tests.

This pilot trial was not statistically powered to detect change
in anthropometric measures; however, results are displayed for
interest and to provide information on effect size. A regression
analysis was used to test between-group differences in change
in anthropometric measures adjusting for the 3 factors used in
randomization at baseline (age, gender, and starting BMI). Two

http://www.jmir.org/2013/4/e32/
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analyses were conducted because there was a proportion of
missing data and unequal dropout between groups: an
intention-to-treat analysis in which all are included but using
baselineweight carried forward for missing data, and an analysis
in just those who completed 6-month follow-up.

Ethical Approval

Thistrial was conducted according to the guidelines laid down
in the Declaration of Helsinki and all procedures involving
human subjects were approved by the University of Leeds,
Faculty of Medicine and Health Research ethics committee
(ethics reference no: HSLTLM/10/002). Written informed
consent was obtained from all trial participants. In accordance
with the requirements of the International Committee of Medical
Journal  Editors (ICMJE), this trial was registered
(Clinical Trials.gov NCT01744535) and reported in accordance
with the CONSORT-EHEALTH checklist [33]. The version
number of the app tested in the pilot trial was 1.0.23.

JMed Internet Res 2013 | vol. 15 | iss. 4 [e32 | p.48
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Carter et d

Figure 1. Screenshot of the My Meal Mate (MMM) homepage.
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Figure 2. Screenshot of the My Mea Mate (MMM ) food diary page.
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Results

Baseline Characteristics

Table 1 shows the baseline characteristics of the pilot study
participants by group. There were no statistically significant
differencesfound among the 3 intervention groupsfor thefactors
balanced at minimization: gender (P=.97), age (P=.82), and
BMI (P=.74). Of the 128 adults enrolled, 77% (99/128) were
female and 91% (117/128) were white. The mean age of
participants was 42 years (SD 9) and over half (58%, 74/127)
were employed in managerial and professional occupations.

The mean participant BMI was 34 kg/m? (SD 5) with over
three-quarters of participants (77%, 98/128) classified as obese

(BMI1=30 kg/m?).

Recruitment

Recruitment to thetrial took 3 months between March and May
2011. Figure 3 is a CONSORT diagram [34] showing the
participant flow through thetrial. A total of 336 (73.5% female)
people initially expressed an interest in taking part in the trial
and 231 (68.8%) of these were assessed for eligibility to take
part. The largest proportion (43.2%) of people who responded
were from Leeds City Council, followed by the University of
Leeds (27.4%). Of those screened, 49 (21.2%) were excluded
for not meeting the inclusion criteria, and almost half (49.0%)
were excluded because their self-reported BMI was less than

27 kg/m?.
In total, 182 people met the eligibility criteriaand wereinvited

to abasdline appointment. Of thoseinvited, 21 (11.5%) declined
to participate, 13 (7.1%) did not respond, and 19 (10.4%) agreed

Carter et d

to attend but did not show up to appointments. This left 129
people who attended baseline appointments. One person was
excluded at baseline because their BMI was found to be below

27 kg/m?. In total, 128 people were randomly allocated to 1 of
the 3 groups. These 128 represented 38.1% of those who had
originally expressed an interest in taking part, and 70.3% of
those who had been invited to take part who met the eligibility
criteria. With regard to sources of recruitment, the University
of Leeds provided the most study participants (42.2%) and
Leeds City Council provided the second highest proportion
(39.0%). Most participants (83.6%) heard about the study from
an electronic source, either by email (61.7%) or intranet (21.9%).

AdherencetotheTrial

In terms of tria retention, 94 (73.4%) people returned for
6-week follow-up measurements and 79 (61.7%) returned at 6
months. Table 2 shows the differences between those who
completed 6-month follow-up compared to noncompleters.
Compared totrial completers, noncompletershad astatistically
significantly greater baseline BMI and BF. There was a
statistically significant difference in self-reported health status
at baseline between completers and noncompleters, with more
completers reporting their health status as good or excellent
(P=.001). Trial dropout was statistically significantly different
among the groups (P=.001) with 3 people not attending 6-month
follow-up in the smartphone group compared with 23 people
not attending 6-month follow-up in the diary group and 23
people not attending 6-month follow-up in the website group.
The reasons given for nonattendance are shownin Table 3. The
most popular reasons given for nonattendance were didlike of
the study equipment (n=12) and personal issues (n=6).

Table 1. Baseline characteristics of the participants enrolled in the 3 arms (smartphone application, website, or diary) of the 6-month pilot randomized

controlled trial (N=128).

Smartphone (n=43) Diary (n=43) Website (n=42)

Age (years), mean (SD) 41.2 (8.5) 425 (8.3) 41.9 (10.6)
Weight (kg), mean (SD) 96.4 (16.0) 97.9(18.7) 96.4 (19.9)
Body massindex (kg/m?), mean (SD) 337 (4.2) 345(5.7) 345 (5.6)
Body fat (%), mean (SD) 35.9(3.8) 35.9 (4.8) 36.2 (3.9)
Gender (female), n (%) 33(76.7) 33(76.7) 33(78.6)
Race/ethnicity (white), n (%) 43 (100.0) 35(83.3) 39(92.9)
Smoking status (current smokers), n (%) 2(4.8) 8(19.1) 2(4.8)
Occupation (managerial professions), n (%)? 32 (74.4) 22(512) 20 (48.8)
Has a university degree, n (%) 31(72.1) 24 (55.8) 22 (52.49)
Owns a smartphone, n (%) 18 (41.9) 19 (44.2) 14 (34.2)

8The occupation variable was dichotomized into managerial professions or not; it was originally measured as managerial and professional occupations,
intermediate occupations, small employersand own account workers, lower supervisory and technical occupation, and semiroutine and routine occupations.
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Figure 3. Flow of participants through a randomized, 3-armed, 6-month pilot trial of the My Meal Mate (MMM) smartphone application for weight

loss (N=128).
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Table 2. Differencesin baseline characteristics between trial completers and noncompleters at 6-month follow-up.

Carter et d

Noncompleters Completers
Participant characteristics (n=49) (n=79) pa
Age (years), mean (SD) 43.2 (9.0) 41.2 (9.3) 23
Weight (kg), mean (SD) 101.5(18.9) 94.1(17.1) .03
BMI (kg/m?), mean (SD) 36.1(5.9) 33.1(4.5) .001
Body fat (%), mean (SD) 37.4(4.2) 35.3 (4.0) 01
Baseline physical activity (MET-min/week), mean (SD)b 1468.8 (1207.9) 1638.5 (1412.3) .67
Motivation to lose weight, mean (SD)¢ 8(2 8(1) 40
Confidence in ability to lose weight, mean (SD)° 7(2 7(2) 74
Number of previous weight loss attempts, mean (SD) 11.9(16.1) 6.9(7.9) A1
Consideration of future consequence score, mean (SD)€ 32.5(8.5) 30.7(7.2) 22
Conscientiousness score, mean (SD)f 796 (11.8) 76.3(11.3) 15
Female, n (%) 38(78) 61 (77) 96
Obese (BM1230) (yes), n (%) 39(86.7) 55 (69.6) .05
Race/ethnicity (white), n (%) 39 (88.6) 74 (93.7) 44
Smoking status (current smokers), n (%) 7(15.9) 5(6.4) .09
Occupation (manageria professions), n (%) 21 (46.7) 50 (64.1) .06
Reported health status as excellent or good, n (%) 26 (59.1) 68 (86.1) .001
Main shopper (yes), n (%) 34 (75.6) 66 (83.5) 27
Main preparer (yes), n (%) 33(73.3) 58 (73.4) .99
Currently dieting (yes), n (%) 31 (68.9) 59 (74.7) .69
Constant dieter (yes), n (%) 25 (56.8) 36 (46.2) .38
Ever kept afood diary (yes), n (%) 26 (57.8) 47 (59.5) .85

@ Significant difference between completers and noncompleters assessed by 1-way t test.

b Measured by International Physical Activity Questionnaire (IPAQ); MET-min/week=metabolic equivalent of task (MET) level x minutes of activity
X events per week.

¢ Based on a 10-point scale (1=not motivated at all; 10=extremely motivated).
dBased ona 10-point scale (1=not confident at al; 10=extremely confident).

€ Measured by consideration of future consequences scale.

" Measured by International Personality Item Pool (IPIP) conscientiousness scale.

Table 3. Reasons for nonattendance at 6-month follow-up for trial noncompleters.

Reason for nonattendance Smartphone Diary Website Total
(n=43) (n=43) (n=42) (n=128)
Unable to contact to determine reason, n (%) 0(0) 9(20.9) 9(21.4) 18 (14.1)
Did not like study equipment, n (%) 3(6.9) 5(11.6) 4(9.5) 12 (9.4)
Holiday during follow-up, n (%) 0(0) 2(4.6) 0(0) 2(1.6)
llIness, n (%) 0(0) 2(4.6) 2(4.7) 4(3.1)
Personal issues, n (%) 0(0) 3(6.9 3(7.1) 6 (4.7)
Study too time-consuming, n (%) 0(0) 1(2.3) 1(2.4) 2(1.6)
Pregnancy, n (%) 0(0) 0(0) 1(24) 1(0.8)
Willing to self-report weight only, n (%) 0(0) 1(2.3) 3(7.1) 4(3.1)
Total 3 23 23 49
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Frequency of Use of the I nterventions

Table 4 shows the total number of days the interventions were
used for each group at 6 weeks and 6 months (a compl ete day
is considered as a day with =500 and <5000 kcal energy
recorded). Intervention usage was highest in the smartphone
group at 6 months with a mean of 92 days (SD 67) completed
compared with 29 days (SD 39) in the diary group and 35 (SD
44) in the website group. There was found to be a statistically
significant difference in the number of days usage among the
groups at 6 weeks (P<.001) and 6 months (P=.001). Pairwise
comparison showed that this difference lies between the
smartphone group and the diary group (P<.001), between the
smartphone group and the website group (P<.001), but not
between the website group and the diary group (P=.14). At 6
months, 7 people had completed the smartphone el ectronic diary
every day, no participants were found to have complete daily
usage in the website and diary groups. Usage within each
intervention arm declined over time as shown in Figure 4. In
the smartphone group, 2 people recorded <7 days of food entry
compared with 19 in the diary group (assuming O entriesfor 16
nonreturned diaries at 6 weeks) and 10 people in the website
group. The median number of log-ins to the website over the
6-month period was 33 (interquartile range [IQR] 11-75). The
frequency of website log-ins ranged from 2 to 375.

Acceptability of Randomization and Satisfaction With
Equipment

Of those who completed the 6-week questionnaires (n=93),
91.2% of smartphone participants reported that they were
initially satisfied or very satisfied with their group allocation at
baseline compared with 23.1% in the diary group and 71.4%in
the website group (P=.01). When asked about how satisfied
they were with the study equipment at 6 weeks, 86.8% reported
that they were satisfied or very satisfied with the smartphone,
compared with 57.7% in the diary group and 50.0% in the
website group (P=.02). At 6 months, of those who completed
guestionnaires (n=77), 63.2% of smartphone participants were

Table 4. Total number of days that the interventions were used (N=128).

Carter et d

satisfied or very satisfied with the study equipment compared
with 50.0% in the diary group and 42.1% in the website group
(P=.05). At 6 months, 23 (30.0%) compl etersreported that they
would not have volunteered for the tria if there had been no
offer of using a smartphone.

No statisticaly significant difference was seen between the
groups for self-reported ease of use of study equipment. In the
smartphone group, 86.8% reported that they found their study
equipment easy to use, compared with 65.0% in the diary group
and 83.3% in thewebsite group (P=.63). However, astatistically
significant difference between the groups was found for
self-reported convenience of use with 64.9% reporting that they
found the smartphone convenient, (compared with 35.0%inthe
diary group and 52.6% in the website group, P<.001). In the
smartphone group, 76.3% of participants agreed or strongly
agreed that they felt comfortable using the study equipment to
record their diet in socia settings compared with 40.0% in the
diary group and 21.1% in the website group (P<.001).

Changein Anthropometric M easures

The pilot tria is not statistically powered to detect change in
anthropometric measures; however, resultsare displayed to give
an idea of effect size. Asthereisa proportion of missing data
and unequal dropout, an intention-to-treat anaysis was
completed with basdline observations carried forward for
missing data (Table 5). In the intention-to-treat analysis using
all of the participants assigned to their original group, the mean
weight change was —4.6 kg (95% Cl —6.2 to -3.0) in the
smartphone group, —2.9 kg (95% CI —4.7 to —1.1) in the diary
group, and —1.3 kg (95% CI —2.7 to 0.1) in the website group.
There was found to be a statistically significant difference in
follow-up weight between the groups at 6 months (P=.004). At
6 months, weight change over timewas statistically significantly
greater in the smartphone group compared to the website group
(3.3 kg, 95% Cl -5.4 to 1.2), but not when the smartphone
group was compared to the diary group (P=.12).

Smartphone Diary Website
Intervention use (n=43) (n=43) (n=42) pa
Total number of days intervention used®
6 weeks (42 days), median (IQR) 36 (21-42) 29 (0-38) 15 (6-33) .004
Completing every day, n (%) 14 (33) 8(19) 3(7)
6 months (184 days), median (IQR) 82 (28-172) 18 (0-37) 15 (7-45) <.001
Completing every day, n (%) 7(16) 0(0) 0(0)
Completing 0 days/not returning 1(2 31(78) 3(7)

paper diary, n (%)

agignificant difference between groups assessed by K ruskal-Wallis equality-of-popul ations rank test because adherence variable not normally distributed

and not improved after log transformation; significant difference at P<.05.

ba usage day is considered to be aday with =500 and <5000 kcal energy recorded.
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Figure 4. Intervention use in a randomized 3-arm pilot trial (N=128) of My Meal Mate (MMM). Adherence to the intervention arms (smartphone
application, website, and diary) over thetrial duration (6 months) is shown by total number of days completed in each intervention group. Data collection
was conducted between May to December 2011 (total 184 days for each participant in thetrial). A complete day is considered to be one with =500 kcal
and <5000 kcal energy recorded. Intervention use is for overall total days completed and not necessarily consecutive days.
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In the intention-to-treat analysis with baseline observation
carried forward, change in BMI at 6 months was —1.6 kg/m?
(95% CI —2.2 to —1.1) in the smartphone group, —1.0 kg/m?

(95% Cl —1.6 to—0.4) in the diary group, and —0.5 kg/m? (95%
Cl -0.9t00.0). Changein BF was—1.3% (95% Cl —1.7 t0—0.8)
in the smartphone group, —0.9% (95% CI —1.5 to —0.4) in the
diary group, and —0.5% (95% CI —0.9 to 0.0) in the website
group.

Table 6 isasubanalysisthat showsthe anthropometric measures
for study completersonly (participants who attended foll ow-up
at 6 months). In those who compl eted thetrial, the mean weight
change was —5.0 kg (95% CI —6.7 to —3.3) in the smartphone
group, —6.2 kg (95% Cl —9.8 to —2.7) in the diary group, and
—2.8 kg (95% CI -5.9 t0 0.2) in the website group. One person
allocated to the diary group reported that they had actually used

http://www.jmir.org/2013/4/e32/

a commercially available weight loss smartphone app during
the trial rather than the paper diary. This person lost 32 kg
overdl; if they are excluded from the diary group analysis, the
mean weight change in completersis—4.8 kg (95% Cl —7.1to
—2.7). There were not found to be statistically significant
differencesin foll ow-up weight between the groups at 6 months
(P=.63) or indifferencein change over time (smartphone-diary,
P=.99; smartphone-website, P=.40; diary-website, P=.47). A
similar trend in results was seen for BMI and BF.

Assuming baseline observation carried forward for those who
did not return for follow-up at 6 months, 35/128 (27.3% of all
participants randomized) achieved aclinically significant weight
loss (=5% of initial weight). This included 16/43 participants
(37.2%) in the smartphone group, 12/43 (27.9%) participants
inthediary group, and 7/42 (16.7%) participantsin the website

group.
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Table 5. Change in anthropometric measures using an intention-to-treat® analysis.

Anthropometric

measurements Smartphone Diary Website pb
n  Mean (95% Cl) n  Mean (95% Cl) n  Mean (95% Cl)
Weight (kg)
Baseline 43 96.8(91.9-101.8) 43 97.9(92.2-103.6) 42 96.4(90.2-102.6)
6 weeks 43 93.9°(89.0-99.0) 43 95.9°(89.8-101.7) 42 951°(89.0-101.2) .001
6 months 43 gp ot (87.0-97.4) 43 g5(° (89.0-101.0) 42 95.1(89.0-101.3) <.001
BMI (kg/m?)
Baseline 43 33.7(324-35.0) 43 345(32.7-36.2) 42 345(32.7-36.2)
6 weeks 43 376°(31.3-33.9) 43 337°(31.9-355) 42 340(32.3-35.7) <.001
6 months 43 321°(30.7-335) 43  33.4(31.5-35.4) 42 34.0(32.3-35.8) <.001

Body fat (%)

Baseline 42 359 (34.7-37.1) 42 36.0(34.5-37.5) 42 36.3(35.1-37.5)
6 weeks 42 350° (33.7-36.2) 42 353C (33.8-36.9) 42 36.0(34.7-37.2) .01
6 months 42 37 (33.5-35.9) 42 35.1(33.4-36.7) 42 359(345-37.2) .02

@The baseline measures recorded have been carried forward for missing data.

b Significant difference between baseline and 6-week and 6-month follow-up assessed by paired t test. The regression analysesfor differencein endpoints
between the groups adjusts for starting weight and the 3 covariates randomized on at baseline (age, baseline BMI, and gender).

¢ Statistically significant P value of <.01.

Table 6. Change in recorded anthropometric measures at 6 weeks (n=95) and 6 months (n=79) for trial completers.

Anthropometric

measurements Smartphone Diary Website pa
n Mean (95% Cl) n Mean (95% Cl) n Mean (95% Cl)

Weight (kg)

Baseline 40  96.8(91.9-101.8) 20  97.9(92.2-103.6) 19 96.4 (90.2-102.6)

6 months 4 921°(86.6-97.6) 20 gg1P(781-94.2) 19 87.0 (79.5-94.6) 62
BMI (kg/m?)

Baseline 40  33.7(324-35.0) 20  345(327-36.2) 19 345 (32.7-36.2)

6 months 40 30"305335) 20 30.4(28.2-326) 19  31.0(289-332) 58

Body fat (%)
Baseline 39 35.9(34.7-37.1) 20 36.0 (34.5-37.5) 19 36.3(35.1-37.5)
6 months 39 34.6° (33.4-35.9) 20 32.5(30.1-34.8) 19 33.7 (31.7-35.8) .89

agignificant difference between baseline and 6-week and 6-month follow-up assessed by paired t test. The regression analysisfor differencein endpoints
between the groups adjusts for starting weight and the 3 covariates randomized on at baseline (age, baseline BMI, and gender).

b Statistically significant P value of <.01.

large proportion of the sample (77%) were women and white
(91%). The initia response rate was lower than expected and
the recruitment period was extended to 3 months. Electronic
media was the most successful recruitment strategy.

Discussion

This pilot tria has shown the MMM app to be a feasible and
acceptable weight loss intervention.

Recr uitment and Response Trial Retention

In terms of recruitment and response, we were able to recruit The pilot trial suffered from 38% éttrition overall. Attrition is
128 partici pants to the p“Ot, which was 95% of the Origi nal aserious dlfflCU'ty inwel ght loss trials because of its potential

recruitment target. As is common to many weight losstrials, a  (© Pias results [35]. Missing data may reflect a person's
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dissatisfaction with the dietary intervention and a rebound in
weight gain. To put thisattrition figure into context, asystematic
review of long-term weight loss trials in obese adults reported
losses to follow-up in the range of 30% to 60% [36]. A review
focusing specifically on Web-based interventions for weight
lossfound most had attrition rates greater than 20%[37]. Inthis
trial, attrition was not equal among the groups, with more
noncompleters at follow-up in the diary and Web groups
compared to the smartphone group (P<.001). In fact, the
smartphone group had extremely high retention with 93%
returning for follow-up at 6 months (compared with 53% in the
diary group and 55% in the website group).

Unequal dropout among groups is likely to be
intervention-related [32], and a dislike of the study equipment
was the most popular reason given for nonattendance at
follow-up. Questionnaire data collected at follow-up also
supports dissatisfaction with treatment group because at 6 weeks
and 6 months satisfaction with group all ocation was statistically
significantly lower in the diary and Web groups. Unequal
dropout is a potential source of biasin alarge RCT so thiswill
need to be considered for the full trial. Another explanation for
differencesin group retention may bethat the smartphone group
felt a greater sense of responsibility to the trial given that they
had been provided with a costly piece of study equipment and
had signed an agreement that they would return it. The diary
and website group may have felt less obliged to return for
follow-up because they did not need to physicaly return any
equipment. This may be avoidable in a future study when it is
likely that a large proportion of the population will own a
smartphone (given therising trend in smartphone ownershipin
the United Kingdom) so the app could be downloaded onto
existing phones.

The noncompletersin thetrial were morelikely to have ahigher
BMI at baseline and report poorer health status. Other studies
have shown mixed results with regard to attrition and initial
body weight and areview of the behavioral approach to weight
loss reports that both a higher and lower initial BMI have been
linked to attrition in weight loss trials [38]. It may be that this
minimal care approach is more acceptable to patients with a
lower initial baseline BMI and a perception of good health, but
interpretation should be cautious given the small sample size.

Frequency of Usage of the Interventions

Adherence to dietary self-monitoring was found to be
statistically significantly higher in the smartphone group than
the website and paper diary group (P<.001). Participants were
free to use the study equipment as often as they liked so the
relatively high usage in the smartphone group isinteresting. In
al 3 groups, self-monitoring declined over time so that by 6
monthsonly 7 participants (16% of the group) in the smartphone
group had managed to record their dietary intake every day (no
participants in the diary and Web group had done this).
Adherence to self-monitoring is an important process outcome
because it has been consistently linked to weight loss [39].
Researchers have taken different approaches to measuring
adherence in studies investigating technology for weight loss
so direct comparison of resultsis difficult.

http://www.jmir.org/2013/4/e32/
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A similar decline in adherence to dietary self-monitoring over
time has been reported in other studies. In arecent RCT [13]
comparing a PDA, a PDA with feedback, and a paper diary,
53% of the PDA group were adherent at 6 months compared
with 60% of the PDA with feedback group and 31% of the paper
diary group. Adherence was measured in that study as >50%
of weekly calorie goal achieved so although the result is not
directly comparable, the trend is similar. Also supporting the
results of this pilot trial, the aforementioned study found that
the PDA groups were statistically significantly more adherent
to self-monitoring than the paper diary groups. However, in
another study of dietary self-monitoring viaPDA, no statistically
significant difference in adherence was found between a PDA
and a paper diary [40].

A key strength of this pilot is the use of a smartphone app for
ahigh-end smartphone that is able to build on the research with
PDAs (having similar self-monitoring functions) but is likely
to be a more familiar technology to users. There has been a
recent surge in smartphone ownership in the United Kingdom
with 51% of the population reporting to own asmartphone[41].
It is evident that there is consumer demand for diet tracking
apps due to the popularity of commercial systems such as
MyFitnessPal [21] and Lose It! [42]. Investigating a
researcher-devel oped app gives a unique opportunity to collect
data on usage directly from the participants. In terms of
acceptability, MMM was more highly rated in comparison to
the diary and website on a range of acceptability measures,
including overall satisfaction, convenience, and acceptability
of usein socia settings.

Weight L oss

Although the pilot trial was not statistically powered to detect
adifferencein weight change among the groups, it has provided
some data on effect size. Completers in the smartphone group
had a mean weight loss of -5.0 kg (95% Cl -6.7 to -3.3) after 6
months. This is comparable to the weight loss achieved in a
large multicentered RCT of popular commercial diet programs
that reported an average weight loss of -5.9 kg at 6 months
across al diets [43]. The diary and website group had a
comparable mean weight change at 6 months as those who
returned for 6-month follow-up. When an intention-to-treat
analysis is used with baseline observation carried forward for
missing data, the mean weight change in the diary and Web
groups is more modest.

Strengths

This pilot trial has several strengths including its randomized
design. Although researchers have investigated dietary
self-monitoring as an adjunct or follow-up to abehavioral weight
loss intervention [44] or used a smartphone app to enhance
adherence to another intervention [45], thispilot trial hastaken
aminimal contact approach with no dietary advice at baseline.
The weight loss seen in the smartphone arm is encouraging
given that aminimal contact approach could be a cost-effective
and wide-reaching strategy. This approach could aso be
especialy beneficial to those who would prefer not to attend
face-to-face meetings. Another strength of the trial is the
up-to-date app for tracking diet and physical activity which is
comparablein appearance and functionality to commercial diet
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tracking apps. Despite their apparent popularity, these
commercia apps have not been comprehensively evaluated to
date.

Limitations

Generalizability of the pilot results is limited given that the
sample are predominantly white, female, and employed in
managerial/professional occupations. The MMM app was a
prototype app and participants reported that they frequently
encountered bugs that caused the app to close. This may have
affected participant engagement. Twenty peopleinthetrial also
reported that they had used another intervention (either instead
of orinaddition to their originally alocated intervention) during
thetrial. Seven parti cipants from the smartphone group reported
using a weight loss website, 7 people from the diary group
reporting using awebsite, and 4 using a smartphone app and 2
from the website group reported to have used a smartphone app.
One participant originally randomized to thediary group enjoyed
self-monitoring but wanted to make it more convenient, so
downloaded the commercially available MyFitnessPal app and
used this for the duration of the trial. This person went on to
lose 32 kg and had a strong influence on the mean weight change
seen in the diary group. The degree of contamination seen in
the trial is a serious issue and has implications for the design
of a definitive RCT. In the pilot trial, participants knew what
interventions were available in the trial and athough they had
all agreed to sign up with the understanding that they would be
randomized to a group and not necessarily receive the
intervention of their choice, itisapossibility that thetrial raised
their awareness of newer |CT-based methods of weight loss
which they may not have already been aware of. In a definitive
trial, the design would need to be atered to address
contamination. A delayed control may be used so that
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participantsin the control group could be asked not to use other
weight management interventions during the tria and
participantswould be recruited in such away that did not reveal
what other groups were receiving.

Implications

Further analysis will be performed on the pilot data to
investigate the characteristics of successful usersin thetria to
seeif there is any scope for tailoring this approach. Given that
some participants have more success in behavioral weight loss
programs than others [38], knowing who will do well with this
smartphone approach is key to tailoring it appropriately. This
pilot trial has several implications for a future trial. Given the
unegual dropout in the comparator group, a larger trial may
need to consider what if any retention strategies are appropriate.
Two control groups were used in the pilot, but because
participants had comparable adherence and weight loss in the
diary group this may be the most cost-effective for afull trial.
Further research would also benefit from an economic analysis
to investigate the cost of implementing a smartphone app
intervention compared with other types of weight management
intervention.

Conclusion

This pilot trial of a smartphone app for weight loss has shown
that it isboth an acceptable and feasible intervention. Adherence
totheintervention and to thetrial was greater inthe smartphone
group than the comparator groups and the app wasrated highly
in satisfaction and acceptability. To our knowledge, there have
been no large RCTs of smartphone apps for weight loss and
thispilot trial provides valuable datathat could be used toinform
such atrial.
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Abstract

Background: There isincreasing interest from academics and clinicians in harnessing smartphone applications (apps) as a
means of delivering behavioral interventions for health. Despite the growing availability of arange of health-related apps on the
market, academic research on the devel opment and evaluation of such appsisintherelatively early stages. A few existing studies
have explored the views of various populations on using mobile phones for health-related issues and some studies are beginning
to report user feedback on specific apps. However, thereremainslittlein depth research on users’ (and potentia users’) experiences
and views on awide range of features and technologies that apps are, or will soon be, capable of. In particular, research on young
adultsislacking, which is an unfortunate omission considering that this group comprises of a good number of mobile technology
adoptors.

Objective: The current study sought to explore young adults perspectives on apps related to health behavior change. It sought
their experiences and views of features that might support health behavior change and issues that contribute to interest in and
willingness to use such apps.

Methods: Four focus groups were conducted with 19 students and staff at a University in the United Kingdom. Participants
included 13 females and 6 males with a mean age of 23.79 (SD 7.89). The focus group discussions centred on participants
experiences of using smartphone appsto support ahealthy lifestyle, and their interest in and feelings about features and capabilities
of such apps. The focus groups were recorded, transcribed, and analyzed using inductive thematic analysis.

Results: Study findings suggested that young, currently healthy adults have some interest in apps that attempt to support
health-related behavior change. Accuracy and legitimacy, security, effort required, and immediate effects on mood emerged as
important influences on app usage. The ability to record and track behavior and goals and the ability to acquire advice and
information “on the go” were valued. Context-sensing capabilities and social mediafeatures tended to be considered unnecessary
and off-putting.

Conclusions: This study provided insight into the opportunities and challengesinvolved in delivering health-related behavioral
interventionsthrough smartphone apps. The findings suggested anumber of valued features and characteristicsthat app developers
may wish to consider when creating health behavior apps. Findings also highlighted several major challenges that appeared to
need further consideration and research to ensure the development of effective and well-accepted behavior change apps.

(J Med Internet Res 2013;15(4):e86) doi:10.2196/jmir.2583
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Introduction

Background

The smartphone market is growing rapidly with statistics from
2011 and 2012 suggesting that 35% of US and 39% of UK
adults, respectively, use smartphones, with acceptanceincreasing
quickly [1,2]. These ubiquitous devices are increasingly
complex, computationally powerful, sensor-rich, and integrated
with social networking [3-5]. Alongside these technological
devel opments, there has been increasing interest from academics
and clinicians in harnessing smartphones as a means of
delivering behavioral interventions for health.

Various features of smartphones make them good candidates
for the delivery of behaviora interventions. First, as portable
devices that are highly valued by individuals, they tend to be
switched on and remain with the owner throughout the day
[3,5,6]. Therefore, they offer the opportunity to bring behavioral
interventions into important real life contexts where people
make decisions about their health and encounter barriers to
behavior change[4,5,7]. Second, smartphone apps may provide
cheaper, more convenient, or less stigmatizing interventions
that are unavailable elsewhere [4,7]. Third, the connectedness
of smartphones facilitates the sharing of behavioral and health
data with health professionals or peers[4,6]. Furthermore, the
increasing ability of smartphonesto useinternal sensorsto infer
context such as user location, movement, emotion, and social
engagement (eg, [8-10]) has raised the prospect of continuous
and automated tracking of health-related behaviors and timely,
tailored interventions for specific contexts.

In addition to the existing body of research on telephone and
SMS (short message service) text-messaging-delivered
interventions, smartphone software programs, or applications
(apps) have stimulated significant attention in recent years. For
example, many thousands of commercial apps have already
been devel oped to assist peoplewith managing stress, improving
mood, following a healthy diet, increasing physica activity,
quitting smoking, and self-managing chronic health problems.
Apps aiming to improve health tend to provide information,
advice, instruction, prompts, support, encouragement, and
interactive tools for individual s to monitor, record, and reflect.

Although there has been much enthusiasm for delivering
interventions through smartphone apps, academic research on
the development and evaluation of such apps is in the early
stages. At thisjuncture, aswell asinitial pilot studies of specific
individual apps, thereisaneed for formative research that helps
usto better appreciate the interest various groups of people have
in using these sorts of apps and factors that may influence
acceptability and engagement.

Previous Studies and I nterventions

Someinitial qualitative research on mobile phone usefor health
has already been conducted with various popul ationsin several
contextsincluding both healthy [11,12] and chronically ill [11]
adults, and adults at risk of developing lifestyle-related health
conditions [13]. Findings to date indicated that using mobile
phones for managing physica and mental health and for
supporting changes in health-related behavior is acceptable in
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principle to many people. A number of studies have focused
more specifically on experiences of smartphone apps. Some
such studies have been nested within pilot studies of
research-devel oped apps. For instance, afeasibility study in 8
users of a mobile intervention for depression that included
ecological momentary intervention and context sensing found
that participants were satisfied with the intervention, despite
encountering substantial technical problems[14]. Other studies
have concentrated on understanding useful features of one or
more specific apps. In one study, 15 participants downloaded
3 physical activity apps, which they used for one week each.
They then provided quantitative ratings of the apps and
qualitative feedback about their experiences. Users preferred
flexible apps with automatic tracking of physical activity,
tracking of goal progress, music features, and well-documented
and easy to use features [15]. Other research, nested within an
intervention trial, collected data on 119 users’ experiences of 3
different apps (a wellness diary, a physical activity coach, and
arelaxation assistant) and generated detailed findings relating
to motivators and barriers to using each app [16].

Overdl, the literature on smartphone app feasibility and
acceptability is encouraging. However, in previous research,
the exploration of user viewpoints has often been limited and
fairly superficial. There is little in depth, qualitative research
allowing users to describe their experiences, views, and usage
patterns. Several important areas areinadequately addressed by
previousresearch. First, there is an absence of research on how
young adults perceive and use apps for behavior change. Few
reports exist discussing the development of interventions for
this population [17] despite the tendency for young adultsto be
early adoptors of smartphone technology [2,17]. Recent
publications have highlighted the lack of focus on smartphone
interventions for young adults and suggested that this is a
priority population for a broad range of health behavior issues
[17,18]. Second, tens of thousands of health apps are available
directly to consumersthrough the market (eg, Apple App Store,
Google Play) and a 2011 report showed that 11% of US adult
smartphone users download health apps[19]. Reviews suggested
that most direct-to-consumer apps are not developed by health
professionals or academics, do not draw on behavior change
theories or techniques, and do not have content aligned to
clinical guidelines for the condition or behavior in question
[20-24]. However, there is a surprising paucity of academic
research on user views and experiences of these apps. Finally,
there has been little exploration of people’sviews about context
sensing by smartphones in the setting of health apps, although
it has been recognized that this advancing technology may raise
concerns, including worries around regarding privacy and
security [4,25].

Current Study

The current study sought to explore some of these
under-researched areas. We conducted a series of focus groups
with healthy young adult smartphone usersin order to explore:
(2) their existing experiences of using health-related smartphone
apps, and (2) their views about a range of different features,
technologies, and capabilities that characterize currently
available or future apps. We sought their views on features that
might support them in making changesto behaviorsrelevant to
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health, factors that contribute to interest in apps, willingnessto
use the apps, and issues leading to disinclination to using the

apps.
Methods

Participants

A total of 19 participantswere recruited through advertisements
placed around Southampton University campus. Eligible
participants were 18 years of age or older, and owned a
smartphone. Prior to arrival at the focus group, all participants
completed abrief online questionnaire providing demographic,
lifestyle, and smartphone-related data. Participants comprised
of 13 females, 6 males, 16 students, and 3 junior members of
staff. The age range was 18 to 50 (mean 23.79, SD 7.89) and
16/19 (84%) were White British. At the time of the study, 10
participants owned iPhones, 5 owned Android phones, and 4
owned Blackberries. All participants reported that they had
previously used smartphone apps. The participants were
relatively frequent users of their phones with all but two
reporting at |east one hour of use per day. Sixteen reported using
non-call features (eg, apps, camera, Internet, multimedia) “ often”
or “very often” and only one used these “rarely”. Fifteen
participants indicated that they had previously sought
health-related advice or information from the Internet or other
forms of technology. Participantsrated themselves asrelatively
“up to date with the latest technology” (minimum 3, mean 3.84,
SD 6.02 ona1-5 Likert scale). In terms of health and lifestyle,
7/19 (37%) participants reported themselves as “overweight”,
whereas 12/19 (63%) classified themselves as “about right”.
Around half (10/19, 53%) reported that they “lead an active
lifestyle”. Most (14/19, 74%) believed themselves to “eat a
healthy diet”.

Procedure

Four focus groups were conducted (with 3, 5, 5, and 6
participants in each group). The session was guided by an
interview schedule (Multimedia Appendix 1). The discussion
began with questions around participants’ personal experiences
of smartphone apps for health. To prompt further discussion,
particularly among participants with limited experience of
relevant apps, the facilitator presented trigger materials. Images
showing features and capabilities of health-related apps were
displayed on alaptop computer using PowerPoint. Thisincluded
examples of apps that: (1) assisted with setting goals and
reviewing progress towards goals, (2) gave advice, tips, and
information on health, (3) used toolsto monitor behavior, mood,
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and well-being, (4) issued reminders and prompts for healthy
behaviors, (5) alowed the sharing of progress through online
social media, and (6) made use of context sensing to issue
prompts or interventions (Multimedia A ppendix 2). Participants
were then asked to describe their thoughts and feelings about
the features of these types of apps, including their perceived
usefulness, relevance, and concerns. Participants themselves
tended to guide the conversation, while the facilitator provided
prompts to pursue more detailed discussions on some topics
and to keep the discussions on track.

The focus groups were 55 to 70 minutes. Two researchers
participated in each group—the first author (a post-doctoral
researcher in health psychology) and the third author (a
psychology student trained in focus group data collection
methods). In each group, one researcher facilitated the
discussion and presented the trigger materials, while the other
assisted and took notes.

Data Analysis

Thefocus groupswere audio recorded and transcribed verbatim.
The transcripts were then analyzed using inductive thematic
analysis [26]. Following initial coding, where labels were
attached to text segments which appeared to indicate important
materia inrelation to the research questions, analysis progressed
in an iterative fashion to develop a set of themes that captured
the essence of the focus group discussions. The analyst
compared the raw data with the emerging theme labels and
definitions, and further refined the themes by merging, adding,
and removing redundant themes.

Results

Overview

Many participantsin this study were positive about the potential
for phones to help people adopt healthier lifestyles. Most had
already discovered and tried various apps to support healthy
lifestyle practices. Many female participants had used calorie
counting apps to help manage their weight. The mae
participants tended to describe using apps that supported
physical fitness. Many participants expressed interest in trying
the apps discussed within the focus groups. Despite appearing
to be ahealth-conscious and enthusiastic group, the participants
nonetheless percelved considerable barriers, concerns, and
opportunities related to health apps. Table 1 summarizes the
key themes identified from the focus groups. The following
sections describe the themes with illustrative quotations.
Pseudonyms have been used to preserve anonymity.
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Table 1. Overview of themes.
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Theme Summary of key points identified

Smartphonesasvaluableinfor-
mation sources

Tracking progress and raising
awareness

Smartphones are valued for providing a quick and efficient link to awealth of information “on the go”.

Apps that support monitoring, tracking, and reviewing of behavior are interesting and potentially useful.
Tracking progress must be both accurate and require little effort.

Tracking features have the potential to trigger negative emotions.

Behavior change apps and so-
cia networks

scribed contexts).

Scepticism over context sensing

A socia undesirability of using health-related apps exists.
Thereis an aversion to sharing information related to health behavior via online social networks (except in circum-

Context sensing can be perceived as“gimmicky”, unreliable, and unnecessary.

Interventions triggered by context sensing could have negative consequences including irritation, poor mood, and

more unhealthy behavior.
Useful promptsor harassment?

Motivation and necessity of

behavior change change.

Prompts or reminders from apps can be useful, but can also become annoying and perceived as “nagging”

The appeal and usefulness of apps and their featuresis dependent on users’ existing intentions and motivation to

Currently healthy young adults may perceive heath apps as of limited relevance to themselves and more suitable for
people with “more serious’ need for behavior change interventions (eg, people with existing health problems)

Necessity for efficiency and
convenience

of time.

Disposability

Smartphones are expected to be efficient and pleasurable to interact with.
Heslth apps are often perceived astime-consuming or burdensome and thus unlikely to be used for extended periods

There are plenty of free apps to choose from with little commitment to long-term use of any particular app.

Apps are easily downloaded and just as easily uninstalled.

Credibility and accuracy

Reputable and legitimate sources are considered important.

Safe and accurate app content is a concern to many.

Privacy and security concerns

Users may feel uneasy about whether apps keep health-related data secure and private.

Context sensing features create concerns about intrusion of privacy and personal safety.

Keeping control over apps

Users may feel uneasy about what apps could do without user awareness or permission.

Users desire to be aware of al features and in control of all app settings.

Smartphones as Valuable | nformation Sources

A commonly mentioned and uncontested use of smartphones
for supporting the adoption of healthy behaviors wasits ability
to provide a wealth of information quickly and efficiently.
Participants accessed information via the Internet regularly
through their smartphones, including material relating to health.
Participants described that they used their smartphones to ook
up potential symptoms to decide if they needed to consult a
doctor, to search for healthy recipesto cook when at home, and
to find advice on specific exercises they could do while at the
gym. Some described a preference for multimediainformation
formats, for example video or audio of a fitness instructor
providing guidance on an exercise. Many partici pants expressed
interest in appsthat gave information and advice that they could
access “on the go”.

Tracking Progress and Raising Awar eness

Participants liked apps that provided convenient tools to help
them to monitor, track, and review attempts to change or
improve a health behavior.

Most people have their phones with them most of the time, so
if you're out and about and want to check how much you're
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doing or what you’ re burning when you're walking, it's a good
idea. [Hannah, Focus Group (FG) 1]

Participants who had tried apps with these sorts of features
found it interesting and insightful to set and record goals, track
details of progress, and as aresult notice trends and patterns.

It provides a lot of kind of... it helps you keep track.
The exercises you do. Because | try and set myself
certain targets, do say, a certain amount of running
a week, a certain amount of cycling a week. [Gareth,
FG 4]

Some participants considered that simply viewing records of
tracked behavioral data could prompt healthier behavior. Others
felt that tools to monitor or track behavior alone may be
insufficient to modify behavior in the absence of some advice
or intervention to help them change.

If it gave you some hintsto help you out or something
along those lines. Only if it had a real benefit rather
than just tracking. [Leona, FG2]

Participants placed importance on accuracy with regard to data
tracked and recorded by apps. They were concerned about errors
within the app itself, or human error (forgetting, “fooling
yourself”, or “lying to yourself”) leading to inaccurate records
of things like food intake, physical activity, or alcohol
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consumption. They were also keen that a high level of detail
was preserved (eg, recording exact products/brands of foods
consumed and their nutritional profiles). However, as described
below, they considered entering such information burdensome
and believed themselves likely either to forget to do this
regularly or to give up due to boredom.

Another concern was that an app that tracks behavior and
progress towards goals might reveal disappointing or upsetting
results related to a behavior that could negatively affect mood,
and be demotivating.

If someone is really trying to work hard on this and
then it's telling them that they have not done very
well, or that they have not reached their goals then
it could go either way: it could motivate them or it
could just make them feel like they're not achieving
anything. [Hannah, FG1]
Participants did not like the possibility that an app might
explicitly “tell you off”, and were also concerned about the
emotional and motivational impact of simply viewing alog that
revedled large discrepancies between goals and actual
achievement.

You'd probably be like, “ oh well | might aswell give
up then, it'stoo depressing” . [Amanda, FG3]

Behavior Change Appsand Social Networks

Participants appeared to perceive decisions and actions related
to a healthy lifestyle to be a private activity. In general,
participants viewed health apps as dightly embarrassing and
being seen using one seemed socially undesirable.

You might not want the whole world to know that as
it flashes up on your phone. [Aled, FG4]

If this popped up, | think people would laugh at me.
[Hannah, FG1]

One participant had previously used aweight management app
that sent reports and updates to a nominated support person.
Having chosen her boyfriend to take this role, she was later
embarrassed and frustrated as he continues to receive
notifications of what she is not doing and not achieving.

Believe methat was a mistake, never do that! Because
he still gets emails saying “ it's been 427 days since
|zzy logged her caloriesonthe program” and I’ mnot
even using it! [Isabella, FG1]

Considering apps that link and share information with social
networks more generally, participants were very clear that they
would not want to use app features that allow the unselective
broadcasting of information about health-related goals or
behaviorsto friendsviasocial mediasites (eg, Facebook). Such
siteswere considered i nappropriate placesto share very personal
information or to request help or support, and participantswere
keen to avoid presenting themselves as weak or vulnerable.
Despite this aversion to apps that share data with socia
networks, a few specific instances where support could be
harnessed in a more socially acceptable way were recognized
and discussed. For example, as Isabella’s boyfriend took up
running, he posted about the distances he had run on Facebook.
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Hereally liked doing that, to share with people, and

he had loads of people “ liking” it, and he felt that

was quite inspiring. [1sabella, FG1]
Katie and others agreed that simple reports of tangible
achievements were more appropriate than broadcasting
health-related goals or making overt requests for emotional
support. Another context where social sharing was considered
acceptable was within a group of people who were working
towards similar goals (eg, people using the same health app or
participating in the same face-to-face intervention program).
Some considered introducing an element of competition through
sharing progress with others with similar goas potentialy
useful. Others considered tips and advice from people with
similar goalsto be of potentia value. Participants al so suggested
that connection with health professionals could be useful for
apps that focus on monitoring and/or changing certain health
conditions.

Scepticism Over Context Sensing

After seeing the trigger materials, participants were curious
about the ability of smartphonesto detect location, mood, social
situation, and activity levels in order to offer specific advice
and suggestions useful for that context. However, there was a
strong sentiment that this technology was“ gimmicky” and had
little relevance to supporting healthy behavior change.

I might try it just to test it and seewhat it did but just
to see that and see how accurate it is...Even though
it'sreally clever, | don't think I’d pay attention to it.
It wouldn’t make me do anything | wouldn’t normally
do. [Charlotte, FG3]

There was also considerabl e scepticism about whether phones
could sense context accurately enough to be useful. Participants
thought that there would be substantial potential for mistakes
and agreed that erroneous sensing of mood, location, or context
would be extremely irritating and could result in losing faith
and interest in an app.

It'sjust gonnatell you thingsthat are wrong and you
don’'t need to know. [Joe, FG4]

If it getsit wrong, you would automatically get really
irritated by it...I think the risk of getting it wrong
would bereally annoying and I’ d probably del ete the
app. [1sabella, FG1]

Even if accuracy was not a problem, participants had concerns
about the consequences of sensed data being used to trigger
intervention components. They predicted that context-triggered
advice and suggestionswould produce counterproductive effects
by drawing attention towards unhealthy but attractive behavior
choices.

What if you were walking past [a fast food chain],
you hadn’t even noticed it?... It would draw your
attention to it. [Isabella, FG1]

There was also concern about phones recognizing negative
mood, inactivity, or lack of social contact. Participants suggested
that realizing a mobile phone had recognized these states and
offered just-in-time interventions could worsen your mood, or
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unwantedly draw attention towards feelings or situations that
would otherwise be unnoticed.

The last thing you want is your phone being like
“relax!” . [Lauren, FG2]

Participants could al so imagine many circumstances where any
advice or suggestion based on sensed datawould beimpossible
to follow and would simply be irritating.

| would get really annoyed if | was trying to do my
work or something and it was telling me | hadn’t
moved, I'd belike“ I'mbusy!” [Katie, FG1]
However, some participants envisaged situations when sensed
data might helpfully activate a prompt.

The amount of times | have sat watching TV or
whatever when it is sunny outside, | think if [an app
that prompted exerciseif it sensed good weather] told
me to go outside, | think that is all | would need.
[Bina, FG2]

If your phone knowsthat you'rewalking thenit could
say “ You're walking. Why not try walking at a faster
pace?”’ or “ At the moment you are walking this fast
but if you walk a little bit faster” , you know telling
you things like that, by enhancing on what you're
already doing as opposed to telling you to do
something you're not. [Isabella, FG1]

Useful Promptsor Harassment?

Several participants talked about needing or wanting to be
reminded of certain things, or prompted to take certain action
and felt their phone could do this successfully.

| would really likeit, I think | need pushing into doing
anything, I’'m not very motivated myself, that’s why
| have all these appsto try and motivate me... | think
I’m a person that responds well to little prompts, |
don't really get up and do things myself. [Ellie, FG2]

Having choicein the frequency and timing of reminders/prompts
was considered important, as was the tone and message content
itself, with a preference towards positivity and praise.

If they can send me a message every now and then
saying that | amdoing well rather than just reminders.
Because | quite like messages like that. [Zoe, FG2]

The majority of male participants maintained that they would
not find such messages from a phone supportive, with the
exception of one.

If | got a message saying “ you've done really well,
you've done X", | think that if I'm honest | would
probably quite like it. [Aled, FG4]

Despite the potential for an app to prompt helpful behavior at
useful times and places, several participants discussed
annoyance caused by receiving aerts, reminders, or prompts
viatheir smartphone. They talked about their phone “ nagging”
or “harassing” them and described abandoning use of an app as
aresult.
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Motivation and Necessity of Behavior Change

An important and common theme of the discussions was that
the appeal and usefulness of apps and their features depends on
whether a user was already motivated to change lifestyle and
health habits. Features such as self-monitoring tools, reminders,
and prompts were often considered to be of potential use,
provided that the person was committed to engaging in an effort
to change and had decided to “sign up to it”, but unnecessary
or irritating in the absence of pre-existing genuine mativation.

Although most participants displayed interest in making various
healthy lifestyle changes, their comments suggested that they
were not motivated enough to bother to consistently and
“seriously” use an app to support these endeavours. Several
participants discussed how behavior change apps may be most
suited to people diagnosed with and being treated for either
physical health or mental health problems. Thisincluded people
with chronic health conditions with ahigher perceived necessity
for monitoring diet and exercise, ill or elderly people who might
need reminding to take medications, or people engaging in
psychological therapies, who might benefit from apps to help
them monitor mood or complete “homework”. Participants
tended to believe that they themselves were not the type of
person who would want or need that level of behavior change
support from a smartphone app.

The kind of people that would sign up to these are
people knowing what they are signing up for and they
are people who want this kind of level of support.
[Isabella, FG1]

If, for example, they were particularly overweight or
obese and needed to lose weight for a health-related
reason and needed to monitor what they were eating
in that aspect then maybe they would be useful, but
for me personally | don’t have any real need to use
it. [Gareth, FGA4]

Necessity for Efficiency and Convenience

Participants described how smartphone apps were most
appealing and useful when they were well integrated with how
they used their phones naturally. Participants disliked apps that
drain battery power, take up excessive space/memory, or cannot
run in the background without affecting other phone functions.

Participants spoke about their smartphones as being valuable
because they make things quicker, easier, and more pleasurable
to do. However, many health-related apps that they have tried
or heard about were time-consuming, burdensome, or even
stressful to set up and interact with. Participants displayed very
little patience for using these apps.

It'squite easy toloseinterest really becauseit isquite
an effort and, like you said, nobody wants to spend
all their life writing down what they want on their
phone. [Aled, FG4]

After about a week | was just forgetting to do it and
just, thisistoo much hassle. [Gareth, FG2]
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Disposability
The need for both appealing features and very low burden
became particularly clear as participants described how they
choose to use or discontinue use of apps. Given that there is
plenty of choice of free apps, participants were not particularly
committed to any individua app and might try out several that
seem appealing or that they are curious about. Participantswere
very clear that apps were easily discarded if they did not meet
expectations. Interest in apps appeared to be fleeting and
participants did not expect to use them on aregular or long-term
basis.

Sometimes if you download them and they are not as

good as you thought they’ d be then it’s a bit rubbish,

but they're free so it doesn't really matter. [Jessica,

FG3]

Credibility and Accuracy

Participants expressed concern about whether apps they used
were from reputable and legitimate sources. Apps developed
by expertswere considered preferable and more persuasive than
those from unknown or less reputable sources.

If you knew that the app was being controlled or
something by some kind of doctor it might make you
listen more, rather than just anyone could be sitting
at a computer and writing these things. [Marie, FG3]

Participants were also concerned about whether information
and advice given was safe and accurate. Several had encountered
apps that they believed had provided inconsistent or
inappropriate advice, which had caused them to abandon use.

Privacy and Security Concerns

Participants voiced a number of apprehensions related to
personal privacy and security. Many were uneasy about apps
being able to keep their health data secure and private. Some
preferred password access, but several participants also
complained about the effort involved in creating accounts and
entering passwords and suggested that this may dissuade them
from using an app.

A key worry was whether data entered or sensed by the
smartphone would get into the hands of third parties, including
the app developer and other companies. They were particularly
sensitive about physical and mental health data being used to
tailor advertisements to them.

Participants were al so uneasy about some of the context-sensing
capabilities of smartphones, describing them as creepy and
intrusive, and many suggested these features would discourage
their use of an app.

I'd be wondering if it could actually hear your
conversation, you'd have no sense of privacy. [Marie,
FG3]

Despite some concerns, there were participants who were very
relaxed about how their data might be used by an app for
advertising. Anthony described himself as “desensitized” to
how the Internet uses data about you while Aled was
unconcerned, believing that his physical and mental health were
not interesting enough to be monitored by third parties. Sensing
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of location, however, prompted considerabl e discussion amongst
female participants about personal safety (specifically, stalkers
and burglars seeking opportunistic moments using GPS datato
establish that someone was away from home).

Keeping Control Over Apps

Most participants had experienced both smartphone apps and
websites (especially online socia networking sites) behaving
in unexpected and undesirable ways. Participants were uneasy
about what smartphones might do without their awareness or
permission and its consequences given the personal and sensitive
nature of health information.

You forget that it's connected to the Internet and that
it can do anything with it, imagine if it just puts
[information about your health] up on your Facebook.
[Isabella, FG1]

Some participants mentioned they would want to be made fully
aware of what the app would do prior to using it. However,
participants also said they were unlikely to want to read lengthy
instructions or terms and conditions.

Participants also wanted to be in control of settings and to
personalize the app during setup (and review and edit settings
later on) depending on what suited them.

You want to be the one who sets up what it's going
to do. [Leona, FG2]

Some participants talked about wanting to be the ones that
initiated interaction with apps at convenient times for them,
rather than the phone aerting, or prompting them to useiit.

If | wanted to hear from the app, I'd go into the app
rather than it just pop up. [Ellie, FG2]
Participants al so discussed wanting the ability to turn off features
of the app (eg, reminders or prompts) or indeed silence or
disable the entire app at certain times when behavior change
was not considered a priority.

Something that you could turn on and off rather than
having something that's constantly in your face.
[Leona, FG2]

Discussion

Principal Findings and Questionsfor Future
Investigations

This study explored young adults' experiences and views about
health-related smartphone apps, including how they perceive
various features and their willingness to use these apps. In
overall concordance with the limited pre-existing research in
this area [1-8], our participants displayed muted enthusiasm
about therole of smartphone appsin assisting with health-related
behavior change, some positive experiences of using such apps,
and tentative willingnessto try apps, even though many of them
did not perceive a pressing need to change their health habits.
Thefocus group data suggested anumber of features of apparent
importance and interest to young people. In Textbox 1 these
are depicted as a preliminary checklist of app features and
characteristics that app devel opers may wish to consider when
creating health behavior apps for this popul ation.
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Thefindings from this study that we consider to be particularly
interesting and novel relate to the apathy, concerns, and
frustrations around health apps. The remainder of thisdiscussion
therefore focuses on these issues. We present 5 major challenges
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identified from the present study that appear to need further
consideration and research in order to inform the devel opment
of acceptable and effective behavior change apps (Textbox 2).

Textbox 1. A preliminary checklist of valuable features of health behaviors apps.

« Low effort and pleasant to use
«  Sustaining interest over long periods of time

o  Cost and effort free to download and set up

. Easly turned off or disabled (certain settings and the entire app)
o  Accurate and reliable information and tracking functions

«  Discrete and with adequate privacy settings

«  Clarity about what app will do—no surprises

. Developed by legitimate experts and the developer’s credentials made explicit
o Includes features to help users track health-related behavior, including setting and monitoring goals
«  Provides feedback and advice that guide people in how they can change behavior

«  Generates positively framed alerts and reminders that are relevant and timely but not too frequent

«  Useof the app does not negatively impact or restrict any other uses of the smartphone

Textbox 2. Challenges for acceptable and effective behavior change apps.

«  (How) Can we keep people using behavior change apps for an extended period of time?

« (How) Can we give users features that are desirable and effective without requiring unacceptable levels of effort?
«  (How) Can we provide accurate and timely information, feedback, and advice without adverse effects on mood?
«  (How) Can we harness context sensing in away that users feel comfortable with, trust, and find useful ?

« (How) Can we harness social media to make interventions engaging and provide socia support in away that users are willing to engage with?

Challenge 1: (How) Can We Keep People Using Behavior
Change Appsfor an Extended Period of Time?

Animportant insight from the current study wasthat participants
lacked commitment to using any particular app and seemed
likely to engage in only transient, casual use. Thisfinding is of
enormous relevance to apps that aim to support long term
behavior change (eg, improving diet or physical activity levels
to manage weight). This study raises doubts around whether
users will use behavior change apps for long periods of time, a
critical issuethat will affect the effectiveness of many behavior
change apps. Future research will need to examine duration of
use and featuresthat influence this. From thisresearch, 2 factors
that might be relevant to discontinued use of an app were the
effort required to use the app and emotional responses to the
app. These are discussed further below.

Challenge 2: (How) Can We Give Users Features That
Are Desirable and Effective Without Requiring
Unacceptable Levels of Effort?

An important and encouraging finding from this research was
that many participants were positive about using smartphones
to track behavior, set targets, review progress, and receive
graphical or verbal commentary on success. Previous research
on the views of healthy adultsaswell asat-risk and chronically
ill participants also suggested that monitoring and tracking

http://www.jmir.org/2013/4/e86/

features are acceptable and valuable [1,3,4,9]. Encouragingly,
these features also map onto key behavior change techniques
that behavioral science research has established as effective for
supporting behavior change, namely self-monitoring,
goal-setting, and receiving feedback on performance [10,11].
Importantly, this study suggested that although these features
were attractive to users in principle, they might prove to be
overly burdensome. Our participants were keen for their
behavior recorded accurately and in detail, yet did not want to
enter this information regularly. Furthermore, they predicted
that they were likely to forget to monitor and track, yet would
be irritated by prompts and reminders and would ignore them.
In addition, they wanted to understand the features of an app
and not be concerned that it would do something unexpected,
yet they were unwilling to spend time reading explanations or
instructions.

Previous research on smartphone appsin general suggested that
simplicity, efficiency, and pleasure influences continued use
[27]. When considered in conjunction with thelow commitment
that characterized the participants in this study, features that
were perceived as effortful and burdensome were likely to
influence use negatively. The challenge for future research is
to establish whether it is possible to incorporate attractive and
effective behavior change techniques into phone apps while
maintaining alow user burden.
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Challenge 3: (How) Can We Provide Accurate and
Timely Information, Feedback, and Advice Without
Adver se Effects on Mood?

Another key issue that the current study exposed was the
potential for interactions with health behavior apps to trigger
negative emotional reactions. Participants described becoming
annoyed with recelving prompts, aerts, reminders, and
messages. They described irritation or disappointment as a
consequence of inaccurate, untimely, or irrelevant notifications
or advice. They described becoming upset or demotivated by
viewing logs or records that showed they were not succeeding
in meeting a goal, and by feedback with a punitive or didactic
tone. They also predicted heightened distress in response to
app-induced awareness of health-related states. Importantly,
participants suggested that these reactions might lead them to
discontinue app use. Negative emotional responses to apps
would benefit from more detailed investigation in anaturalistic
setting to ascertain whether they are widespread and whether
they areindeed related to app discontinuation. A challenge will
be to discover whether there are optimal ways that apps can
communicate with the user to engage them in behavior change,
keep them aware of their progress towards goals, and provide
relevant and timely advice and support without generating
adverse emotional reactions and threatening adherence.

Challenge 4: (How) Can We Harness Context Sensing
in a Way That Users Feel Comfortable With, Trust, and
Find Useful ?

To our knowledge, this study was the first to report potential
users’ views on the use of context sensing to support timely and
appropriate behavioral interventions for health. Computer
scientists and behavior change experts have been enthusiastic
about developments in context sensing, considering it as a
potential solution to the problem that self-monitoring is
burdensome and unappealing for users, and seeing it as a way
of encouraging timely engagement with digital interventions.
In contrast, the views of the study sample were characterized
by scepticism and concern. It seems that several substantial
issues need considerable research and attention if context
sensing is to be applied in away that users perceive as useful
and acceptable.

First, the study showed that participants lacked faith in the
accuracy with which a smartphone could sense relevant states
(eg, mood, activity levels) and expected that incorrect and
irritating suggestions would make them mistrust the app and
cease using it. Given such low expectations and the potentially
adverse consequences of losing a users trust in an app,
demonstrating consistent accuracy of context sensing and that
it has face validity may be an important precursor to using it to
trigger advice and intervention within health apps. Second,
participants predicted that even accurate sensing might produce
counter-productive emotional and behavioral consequences.
Future research should include a careful monitoring of
unanticipated effects from sensing-driven interventions and
advice. Third, in order to promote willingness to use
context-sensing apps for sensitive topics such as health, careful
consideration of potential users’ security and privacy concerns
is necessary. This might include establishing whether the risks
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they anticipate arerealistic, possibleto eliminate or reduce, and
how information about security and privacy is communicated
to users.

Although this study exposed mostly negative attitudes towards
context sensing it did suggest opportunities to use this
technology in ways that were more interesting and acceptable.
Specifically, using sensing to recognize opportunities and
successes such as establishing when somebody isin areceptive
mood, suitable location, and/or aready engaging in the target
behavior may be worthwhile to pursue. Overall, careful
exploration of if and how health behavior change apps can use
context sensing in away that users perceive as acceptable and
useful is now needed.

Challenge 5: (How) Can We Harness Social Mediato
Make | nterventions Engaging and Provide Social
Support in a Way That Users Are Willing to Engage
With?

It has been proposed that social networking mediamay facilitate
socia support for behavior change and keep people interested
and engaged in digital interventions [12]. However, a key
finding from this study was a disinclination to use health apps
that linked to online socia networks. Our participants described
an aversion to involving existing online social contactsin their
effortsto change behavior and considered doing so to be socially
unacceptable, except under certain circumscribed conditions.
Previousresearch on views about this has been mixed. Obtaining
real time social support from digital networkswas akey benefit
of mobile interventions cited by overweight/sedentary
pre-diabetic patients [13]. Other research has highlighted how
participants in a physical activity intervention had positive
experiences of sharing progress and competitiveness using their
mobile device [28] and how participants were interested in and
enjoyed recording and sharing emotional statesand participating
in socially supportive activities via a mobile app [29].
Conversely, other studies suggested more negative attitudes,
that users of an app targeted to reduce sedentary behavior were
not interested in sharing their progresswith their social networks
[30], and users of apps to increase physical activity enjoyed
sharing with social networks when they were being active but
were uncomfortable doing so when they were not achieving
high levels[31].

Given the large body of evidence implicating social support in
successful behavior change, the scopefor online socia networks
to be harnessed in behavior change apps deserves further
detailed examination. Specifically, attemptsto better understand
the conditions under which it is acceptable and useful to link
health smartphone appsto online social networks and the most
acceptable and effective waysto facilitate and encourage support
from these networks would be beneficial .

Study Limitations and Conclusion

Several key limitationsinfluence the strength of the conclusions
and recommendations drawn from the current study. First, the
sample was small, self-selected, and drawn from a university
population. Thisallowed, asintended, a detailed exploration of
theviews of an age group who have not been the focus of extant
health app research yet are likely to own and use smartphones
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[2] and are likely to have scope for improving behaviors such
as diet, physical activity, and alcohol consumption. However,
the sample may differ from other young people and the extent
to which the themes discerned here are applicable across other
populationsisunclear. Another limitation of this study wasthat
the views and experiencesit uncovered were either retrospective
accounts of experienceswith apps or discussions of hypothetical
app use. Neither are necessarily accurate portrayal s of how apps
are actually used and the affective, cognitive, and behavioral
responses that they generate. Further research could establish
whether findings emerging in this study are observed when
actual app useisstudied. Useful data collection methods might
include phone-generated records of the nature of actual app use,
and quantitative and qualitative data on changes in behavior,
emotions, and thoughts measured frequently and repeatedly as
people use apps to support behavior change.
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Abstract

Background: Mobile phone-based interventions present a means of providing high quality health care to hard-to-reach
underserved populations. Migrant farm workers (MFWSs) are among the most underserved populations in the United States due
to ahigh prevalence of chronic diseases yet limited access to health care. However, it is unknown if MFWs have access to mobile
phone devices used in mobile health (mHealth) interventions, or if they are willing to use such technologies.

Objective: Determine rates of ownership of mobile devices and willingness to use mHealth strategiesin MFWs.

Methods: A demonstration of mHealth devices and a survey were individually administered to 80 Hispanic MFWSsto evaluate
use of mobile phones and mHealth devices and willingness to use such technologies.

Results: Of the 80 participants, 81% (65/80) owned cell phones capabl e of sending and receiving health-related messages. Most
participants (65/80, 81%) were receptive to using mHealth technology and felt it would be helpful in enhancing medication
adherence, self-monitoring health conditions, and receiving quicker medication changes from their doctors (median scores >4 on
5-point Likert scales). Relations between age and attitudes toward using mHealth were not statistically significant.

Conclusions: Hispanic MFWs have access to mobile phones and are willing to use mHealth devices. Future work is needed to
comprehensively evaluate the degree to which these devices could be used.

(J Med I nternet Res 2013;15(4):676) doi:10.2196/jmir.2500
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Introduction

Approximately 2 million migrant farm workers (MFWSs) perform
agricultural dutiesinthe United Statesannually [1]. Thisgroup
has been shown to be at increased risk for serious injury and
chronic health conditions, including essential hypertension (EH)
and type 2 diabetes [ 2-4]. Rates of uncontrolled EH are elevated
in young adult MFW (33%), which is higher than the national
averagefor Hispanics (23%) [5]. EH isparticularly problematic
because its symptoms often go unnoticed until the individual
experiences a cerebrovascular or cardiac event [6]. As such,
thereisaclear need to improvethe care of EH in this population
given the high risk of complications.

A primary challenge in the treatment of chronic conditionsin
MFWs is identifying methods to offer timely and consistent
access to care given the mobility of their occupation [2,7,8].
Repeated relocations typically spanning several states prevents
this group from establishing long-term relationships with care
networks, which has been associated with fragmented treatment,
diminished carefor chronic conditions, and poorer overall health
outcomes[2]. Similarly, MFWs must navigate new health care
systemsin each location, including identifying care centersand
pharmacies, and overcoming substantial transportation
difficulties [9]. Most MFWs are non-English speaking (84%)
[9], which can limit communication when interacting with
primarily English-speaking providers. These issues prevent
MFWs from accessing medications to manage chronic
conditions, disrupt medication adherence schedules, and increase
risk for more serious health outcomes. Innovative strategies to
provide routine and seamless contact between patients and
providers for MFWs in the treatment of EH and other chronic
conditions are needed [10]. Migrant community health centers
established through the Federally Qualified Health Center
(FQHC) system have helped improve care, but these centers
are often underutilized, suggesting that alternative care models
are needed [11].

Mobile health (mHealth) technology is a viable option to
facilitate timely communication between providers and patients
with the goa of providing consistent care for MFWs. Such
technologies can deliver automated summary reports of health
conditionsto health care providersand patientsin real time (eg,
blood pressure and glucose), deliver interventions targeting
motivation for behavior change, and promote adherence to
medication regimens. Recent findings indicate that mHealth
programs are capable of enhancing patient control of chronic
diseases, such as EH and type 2 diabetes [12,13]. Such
interventions capitalize on the ability to communicate with
patientswithout interfering with their routines. For MFWS, such
tools could proveinvaluable toward adherence to recommended
treatment. Additionally, such approaches could sustain
partnerships with the FQHC providers across their migratory
work patterns.

A necessary first step in devising a novel care model is to
determine the extent that the new population iswilling to adopt
the strategy [14]. Prior work with other populations has
suggested that most individuals are receptive to the use of
mobile phone-administered treatments for elevated blood
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pressure (BP) [6], heart failure alert [15], asthma [16], stroke
recovery [17], multiple sclerosis [18], depression [19], and
physical therapy [20]. Findings indicated that patients were
enthusiastic to use such services (yet expressed the need for
technical assistance if needed), were concerned with
malfunctioning equipment, and were worried about the
confidentiality of their information. Most of these studies have
not involved low-income minority populations. George and
colleagues[21] examined similar issuesin underserved African
Americansand L atinos and found that these groups had elevated
concerns about confidentiality of information, quality of care
received via a mobile device, and were less trusting of the
medical community. Similarly, a recent study found that low
socioeconomic status was associ ated with areduced willingness
to use an Internet-based monitoring system for EH [22]. These
results indicate that disadvantaged groups, those who are most
likely to benefit from mHealth because of reduced access, may
be the most skeptical of this treatment strategy.

In MFWs, concerns regarding confidentiality of information,
trust of medical care centers, and fear of poor quality of care
arelikely to be elevated. Given that many of these workers are
undocumented, there are concerns about providing identifying
and tracking information that could have adverse consequences.
Many have concerns about sharing identifying information
because of immigration status[2]. For example, such concerns
have limited this group from seeking emergency carein critical
situations. Additionally, MFWs have limited resources;
therefore, they may not have regular access to mobile devices.
Thus, it remains unknown whether migrant farmers have access
to mobile devices or are willing to adopt mHealth technology
for management of health care-related needs, despite the
potential benefits.

The current study used aformal survey devel oped based upon
previous measures administered to patientswith varying chronic
diseasesand our findingsfrom interviewswith MFWsand their
health care providers. We aimed to determine rates of mobile
phone ownership including smartphones, utilization of various
phone features, and awareness of mHealth technology within a
sample of MFWs at 2 worksites in rural South Carolina. The
participants were then given a brief overview of how various
medical devices, such as weight scales, glucometers, and BP
monitors, can be enabled to send data to a smartphone and then
to a secure computer via transmission across cell towers. The
demonstration of a prototype mHealth system for BP control
was provided and acceptability and willingness to utilize such
technology was assessed. The demonstration involved a brief
explanation of what information would be transmitted to their
doctor (BP, blood glucose, weight) and how to use the BP
monitor. Based upon the rapidly expanding ubiquity of cell
phone usage across ethnic groups, it was hypothesized that
MFWs would have a high rate of ownership of mobile devices
(>75%). Additionally, based on the outcomes of several other
studies that demonstrated a positive attitude toward mHealth
technology [6,15-17,20], it was hypothesized that MFWs with
EH would be more willing to use the technology than those
without adiagnosis. Lastly, it was hypothesized that those who
use a wider array of features on their mobile device, such as
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sending text messages or downloading applications, would have
more positive perceptions about mHealth.

Methods

Participants

The participantsin this study were 80 MFWs stationed at 1 of
2 agricultural complexesin Charleston County, South Carolina,
during the 2011 and 2012 spring harvesting seasons. Participants
were predominately male (70%) with amean age of 29.76 years
(SD 9.82). All participants were Hispanic and spoke fluent
Spanish.

M easures

A questionnaire was designed to evaluate demographic
information, EH status, and self-reported medication adherence.
A series of 9 questions to assess attitudes toward maobile phone
remote monitoring for chronic disease management was adapted
from prior studies [6,15,23]. These items assessed willingness
to useamHealth service: (1) for EH and diabetescarein generd,
(2) if they were taught how to use the devices, and (3) if
technical support was available. Additional questions assessed
beliefs about the effectiveness of mHealth practicesfor EH and
diabetes and concerns about confidentiality. Ratings were made
for each question on a 5-point Likert scale with higher scores
indicating increased willingness to use such technol ogy. Internal
consistency for the measure was excellent with alpha=.92. The
tenth item queried their a priori awareness of health-related
remote monitoring technology. The questionnaire was
administered in an interview format in Spanish. Another native
Speaker was available to assist any participants who needed
assistance.

Procedure

The MFWswere approached in 8 groups of 6 to 12 participants
in the residential location of their worksite over a 4-month
period. No participants declined to participate. Participantswere
given abrief description and demonstration of aBP devicewith
Bluetooth wireless technology (AND model 9025 BT) and a
Motorola Droid X smartphone with an installed software
application for BP signal reception and transfer to secure server.
The survey was approved by the Institutional Review Board of
the Medical University of South Carolina.

Results

Clinical Characteristics

Seventeen (21%) farmers had EH based upon a previous BP
evaluation by an on-site physician, but only 7 (41%) of these
17 patients reported having received prescriptions for this
condition. Those classified as EH had higher systolic/diastolic
BP (systolic mean 140.6, SD 20.2; diastolic mean 86.5, SD
13.9) than non-EH participants (systolic mean 116.1, SD 13.5;
diastolic mean 73.7, SD 10.8). Self-reported medication
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adherence using the Morisky scale revealed that among those
with EH, only 5 of 17 (29%) were completely adherent within
the past week (eg, did not miss a dose).

M obile Phone Utilization

Cdll phone ownership among this sample was substantial with
81% (65/80) having access to 1 or more mobile phones. Over
one-third (31/80, 39%) owned a smartphone capable of using
mobile phone applications. A random subsample of 10 farmers
who reported owning a smartphone were asked to show their
phones so they could be verified as Internet-capable
smartphones. All were verified as being smartphones with
Internet connectivity. Text messaging was the most commonly
used mobile phonefeature of MFWs (62/80, 78%). Participants
reported using their phones for email (28/80, 35%), accessing
the Internet (36/80, 45%), and downl oading applications (38/80,
48%). Few participants (12/80, 15%) had prior knowledge of
the use of mobile phonesin health care.

Attitudes and Willingness Toward mHealth
Technology

As shown in Table 1, most participants (65/80, 81%) reported
they would likely or definitely use mHealth servicesif available.
There was an increase in willingness if free technical support
was offered (75/80, 94%). Most endorsed mHealth services as
being helpful in maintaining timely linkages with their doctors
(68/80, 84%) and reported having minimal or no doubts about
the security of their health information on mHealth services
(61/80, 76%0). Security about health information was defined
as the transfer of BP values, medication adherence, and other
personal health information not being viewed by anyone other
their health care provider team and themselves.

A series of multiple regressionswere used to identify predictors
and barriers toward positive perceptions of using mHealth
services (Table 2). Effect sizes for each model were moderate

with the multivariate coefficients of determination (R?) ranging
from 0.12 to 0.28. There were no differences in willingness to
use mHealth acrossthose with EH and those without EH. There
were no significant predictors of willingness to use mHealth
without assistance or willingnessto use mHealth with atutorial.
Accessing the Internet viaaphone was associated with increased
willingness to use mHealth with continued technical support
(beta=0.39, P=.02). Those who had prior knowledge of mHealth
were lesswilling to continue to use the service with continued
technical support (beta=—0.27, P=.02), were more likely to
believe that mHedth can improve patient-provider
communication (beta=0.38, P=.03), and were less concerned
about confidentiality (beta=0.39, P=.02). The negative
association between age and beliefs that mHealth can improve
patient-provider communication did not achieve statistical
significance (beta=—0.27, P=.05). Finally, women were less
concerned about confidentially through mHealth (beta=0.34,
P=.006).
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Table 1. Responsesto self-report survey ng attitudes toward mHealth technology in migrant farm workers (N=80).

Questions assessing attitudes

Proportion of responses, n (%)

Prior awareness of mHealth technology
Yes
No
Willingness to use mHealth to manage essential hypertension (EH) and diabetes
Definitely would not use it
Not likely to use
Neither likely nor unlikely
Likely would use
Definitely would use it
Willingnessto use a mHealth with initial tutorial on the application
Definitely would not use it
Not likely to use
Neither likely nor unlikely
Likely would use
Definitely would use it
Willingness to use mHealth with continued technical support
Definitely would not use it
Not likely to use
Neither likely nor unlikely
Likely would use
Definitely would use it
Confident mHealth can improve communication with provider about EH and diabetes
No it cannot
Yes, but have many doubts
Not sure
Yes but have some doubts
Yes without a doubt
Confident privacy protected when using mHealth system
No trust
Many doubts
Neither trust nor distrust
Few doubts

Complete trust

10 (13)
70 (87)

4(5)
3(4)

8 (10)
37 (46)
28 (35)

2(3)
3(4)
4(6)
34 (41)
37 (46)

2(3)
0(0)
34
34.(43)
41 (51)

2(3)
2(3)

8 (10)
10 (13)
58 (71)

2(3)
5(7)
10 (13)
16 (20)
45 (56)
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Table 2. Predictors of attitudes toward mHealth technologies among migrant farm workers.

Variable Willingnesstouse Willingnesstouse ~ Willingness to use Belief that mHealth can  Concerns about
mHealth mHealth with initidl  mHealth with continued  improve communication confidentiality
tutorial ontheapp  technical support with provider
B P B P B P B P B P
Age -0.02 .87 0.14 .29 0.05 .67 -0.27 .05 0.05 .70
Male gender 0.06 .62 011 37 -0.02 .89 -0.01 .99 0.34 .006
Diagnosis of EH <0.01 .99 006 .62 -0.03 .79 -0.12 37 -003 .82
Own cell phone 0.24 .09 0.15 .29 0.22 .08 0.22 A2 0.13 .33
Own smartphone -0.17 .26 -025 .10 -0.12 41 -0.13 42 -0.03 .84
Sends text messages 021 A3 0.32 .06 0.148 .23 -0.15 .28 -0.14 .28
Discussion EH may not perceive the management of their condition as

The current study demonstrated that MFWs have high access
to mobile devices. This suggeststhat the mHealth infrastructure,
viashort message service (SMS) text messages, phone cals, or
emails, exists within this population. Over one-third (39%) had
an Internet-capable smartphone which is consistent with the
rising national average, as well as estimates of smartphone
ownership among Hispanics from a current nationaly
representative sample (49%) [24]. This proportion is expected
to steadily increase as such devices become more affordable
and available on agrowing number of flexible (month-to-month)
plans. Current estimates project that virtually all cell phonesin
the United States will be smartphones with Internet access
capability and Bluetooth-enabled within 1.5 to 2 years [25].

Most participants indicated they would use mHealth services
(particularly if free technical support was available), believed
it would be helpful for managing chronic diseases, such as
hypertension and/or diabetes, and expressed few concerns about
the security of their medical dataacrossthe Internet. Participants
who indicated they had no prior knowledge of mHealth were
more receptive to being involved in mHealth if they received
an initial personal tutoria to help facilitate use of a mHealth
service. Thishighlightsapotential barrier: reluctanceto engage
in use of such technology due to lack of exposure and
unfamiliarity with mHealth programs. Designers of mHealth
applications would benefit from engaging patients in the
development process to help ensure instructions are easily
understood. Indeed, recent work has highlighted that problems
caused by user error and technological errors are likely to
increase frustration and prevent continued use of such
approaches [16]. Incorporation of a patient-centered approach
will further increase the likelihood of a user-friendly solution
that will educate and encourage novice users to engage in the
intervention [26-30]. However, additional work is needed to
determine if such tutorials, which may be perceived as
frustrating to those with higher levels of software proficiency,
are abarrier to those with knowledge of such treatments.

There were no differences in any of the willingness measures
acrossthose with EH and those without EH. The perceived lack
of need for continued care among those with such a condition
may further highlight the need to develop mHealth programs
that are user-friendly and minimally burdensome. Those with
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particularly relevant to their daily functioning [6]. Thus,
mHealth systems cannot rely on participant motivation to ensure
the use of such technology.

These findings suggest that mHealth is a promising method of
providing health care to the difficult-to-reach group of MFWs.
The findings from this study helped facilitate devel opment of
arecently activated 3-month proof-of-concept mHealth medical
regimen enhancement trial among uncontrolled EH patients
[31]. Electronic medication trays provide reminder signals and
smartphone messages remind patientsto measure their BPwith
the Bluetooth-enabled monitor used in the demonstration.
Patients receive personalized motivational and reinforcement
messages based upon adherence level sto the mHeal th program.
All who have received the mHealth program thus far have
showed increases in medication intake (=95% across the 3
months), reduced resting systolic BPs (from 163.8 to <120.9
mmHg at each monthly clinic evaluation and at 3-month
follow-up), and reduced 24-hour systolic BP (from 151.3 to
122.7 mmHg at the completion of 3 months). These promising
findings require completion of the proof-of-concept trial and
subsequent refinement of the mHealth system based upon patient
and provider feedback. This suggeststhat such a system should
be evaluated with MFWs.

Although informative, the current findings must be interpreted
cautiously. The sample sizewasrelatively small compared with
prior work [6,16]; it isunclear if thesefindingswill apply across
MFW communities and to other health care issues common to
Hispanic MFWs[2]. Additional epidemiological work isneeded
to more fully gauge ownership of mobile phonesin MFWs and
attitudestoward the use of such approachesin medical carewith
empirically validated measures. Similarly, only attitudes were
evaluated, and the extent these mHealth-driven interventions
will truly be used is unknown, particularly within aframework
of multisite, interlinked health centers, such asFQHCs. Finally,
related work in this area has highlighted the need to identify
provider attitudes to use such services [15]. Such work should
focus on the willingness of providers to offer care to patients
who they may be unable to contact face-to-face in the event of
an emergency and the frequency with which contact should
occur.

There are numerous barriers in managing chronic conditions
among MFWs that mHealth has the potential to overcome.
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Remote access would allow MFWsand their primary providers
to maintain contact and improve adherence to health
maintenance behaviors [32]. The MFWS' primary community
health center provider teams, typically FQHCs, would be able
to help navigate the M FWs as they migrate across geographical
regions to gain access to other FQHCs and pharmacies that
provide discounted or free medications. The consistent
connection between patients and providersthrough the mHealth
system would also likely enhance provider competence and
cultural awareness for working with this group. A model of
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Abstract

Background: There is currently a lack of information about the uses, benefits, and limitations of social media for health
communication among the general public, patients, and health professionals from primary research.

Objective: To review the current published literature to identify the uses, benefits, and limitations of social media for health
communication among the general public, patients, and health professionals, and identify current gapsin the literature to provide
recommendations for future health communication research.

Methods: This paper isareview using a systematic approach. A systematic search of the literature was conducted using nine
electronic databases and manual searchesto locate peer-reviewed studies published between January 2002 and February 2012.

Results: The search identified 98 original research studies that included the uses, benefits, and/or limitations of social media
for health communication among the general public, patients, and health professionals. The methodol ogical quality of the studies
assessed using the Downs and Black instrument was low; this was mainly due to the fact that the vast majority of the studiesin
this review included limited methodologies and was mainly exploratory and descriptive in nature. Seven main uses of social
media for health communication were identified, including focusing on increasing interactions with others, and facilitating,
sharing, and obtaining health messages. The six key overarching benefits wereidentified as (1) increased interactions with others,
(2) more available, shared, and tailored information, (3) increased accessibility and widening access to health information, (4)
peer/socia/emotional support, (5) public health surveillance, and (6) potential to influence health policy. Twelve limitations were
identified, primarily consisting of quality concerns and lack of reliability, confidentiality, and privacy.

Conclusions: Social media brings a new dimension to health care as it offers a medium to be used by the public, patients, and
health professionals to communicate about health issues with the possibility of potentially improving health outcomes. Social
mediaisapowerful tool, which offers collaboration between usersand isasocial interaction mechanism for arange of individuals.
Although there are several benefits to the use of social mediafor health communication, the information exchanged needs to be
monitored for quality and reliability, and the users’ confidentiality and privacy need to be maintained. Eight gapsin the literature
and key recommendations for future health communication research were provided. Examples of these recommendationsinclude
the need to determine the relative effectiveness of different types of social media for health communication using randomized
control trialsand to explore potential mechanismsfor monitoring and enhancing the quality and reliability of health communication
using social media. Further robust and comprehensive evaluation and review, using a range of methodologies, are required to
establish whether social mediaimproves health communication practice both in the short and long terms.
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Introduction

Thereisan ongoing increasein the use of social mediaglobally
[1], including in health care contexts [2-9]. When focusing on
social media for health communication, it is useful to first
outline the general characteristics of social media. Kaplan and
Haenlein [10] defined social mediaas“ agroup of Internet-based
applications that build on the ideological and technological
foundations of Web 2.0, and that allow the creation and
exchange of user generated content”. They suggested that social
media can be classified as two components: media-related and
social dimension. The media-related component [11] involves
how close to synchronous face-to-face communication different
types of social mediacome and how well they reduce ambiguity
and uncertainty. The social dimension is based on Goffman’s
[12] notion of self-presentation, whereby individuas
interactions have the purpose of trying to control others
impressions of them.

Social media provides opportunitiesfor usersto generate, share,
receive, and comment on socia content among multiusers
through multisensory communication[1,2,10,13,14]. Although
theterms*“ social media’ and “ social networking” are often used
interchangeably and have some overlaps, they are not really the
same. Social mediafunctions as a communication channel that
deliversamessage, which involves asking for something. Social
networking istwo-way and direct communication that includes
sharing of information between severa parties. Social media
can beclassified in anumber of waysto reflect the diverserange
of socia media platforms, such as collaborative projects (eg,
Wikipedia), content communities (eg, YouTube), socid
networking sites (eg, Facebook), and virtual game and social
worlds (eg, World of Warcraft, Second Life) [10].

The relationship between personality traits and engagement
with social media has been reported [15]. Gender is afactor in
that extraverted women and men are equally likely to engage,
but emotional instability increases usage only for men. Ageis
also a factor in that extraversion is particularly important in
younger users, while opennessto new experiencesis particularly
important in older users [15]. Lenhart and colleagues [16]
explored varioustypes of Internet usage among teensand young
adultsin the United States between 2006 and 2010. During this
time, social networking sites experienced the biggest rise (an
average of around 50%), and the key shift in use came at age
30 years with amost double the number of teens and 18-29
yearsold using them asthose 30 yearsand over (73% compared
with 39%).

Social media is changing the nature and speed of health care
interaction between individuals and health organizations. The
genera public, patients, and health professionalsare using social
media to communicate about health issues[2-9]. In the United
States, 61% of adults search online and 39% use social media
such as Facebook for health information [7]. Social media

http://www.jmir.org/2013/4/e85/

adoption rates vary in Europe; for example, the percentage of
German hospitals using social networksisin “single figures’,
whereas approximately 45% of Norwegian and Swedish
hospitals are using LinkedIn, and 22% of Norwegian hospitals
use Facebook for health communication [8]. Recent UK statistics
reported Facebook as the fourth most popular source of health
information [9]. There have been many applications of social
media within health contexts, ranging from the World Health
Organization using Twitter during the influenza A (HIN1)
pandemic, with more than 11,700 followers [4], to medical
practices [3] and health professional s obtaining information to
inform their clinical practice [5,6].

To explore the diversity in form and function of different social
media platforms, Keitzmann and colleagues[17] presented the
“social media ecology”, a honeycomb framework of seven
building blocks that are configured by different social media
platforms and have different implicationsfor organizations such
as health care providers. In developing their model, they have
drawn on Butterfield [ 18], Morville[19], Webb [20], and Smith
[21]. The building blocks are (1) identity: the extent to which
users reveal themselves, (2) conversations: the extent to which
users communicate with each other, (3) sharing: the extent to
which users exchange, distribute, and receive content, (4)
presence: the extent to which usersknow if othersare available,
(5) relationships: the extent to which usersrelate to each other,
(6) reputation: the extent to which users know the social standing
of othersand content, and (7) groups: the extent to which users
areordered or form communities. Thus organizations, including
health care providers, need to recognize and understand the
social media landscape, where the conversations about them
are already being held, and develop their own strategies where
suitable [17]. Similarly, Mangold and Faulds [22] highlighted
that social mediais changing the relationship between producers
and consumers of a message. This suggests that health care
providers may need to take a certain degree of control over
online health communication to maintain validity and reliability.

In this paper, social media for health communication refers to
the general public, patients, and heath professionals
communicating about health issuesusing social mediaplatforms
such as Facebook and Twitter. Currently, there is a lack of
information about the uses, benefits, and limitations of social
media for health communication among the genera public,
patients, and health professionals from primary research. The
objective of this paper was to review the current published
literature to identify the uses, benefits, and limitations of social
media for health communication among the genera public,
patients, and health professionals and to identify current gaps
in the literature to provide recommendations for future health
communication research. Thisisimportant in order to establish
whether social mediaimproves health communication practices.
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Methods

This review paper followed the PRISMA guidelines [23] and
used a systematic approach to retrieve the relevant research
studies. The review included all study designs in order to
identify the best evidence available to address the research
objective. The literature search was conducted on February 7,
2012, using the following 10 electronic databases. CSA
[1lumina, Cochrane Library, Communication Abstracts, EBSCO
Host CINAHL, ISI Web of Knowledge, Web of Science,
OvidSP Embase, OvidSPMEDLINE, OVIDSP PsycINFO, and
PubMeb Central. The searches were performed using the
following defined search terms: “social media” OR “socia
network” OR “social networking” OR “Web 2.0° OR
“Facebook” OR “Twitter” OR “MySpace” AND “Health”. From
the above database searches, 9749 hits wereidentified. Manual
searches were conducted in the Journal of Medical Internet
Research (January 2002 to February 2012) where 24 papers
were identified; thus, 9773 papers were identified in total. The
papers titles and abstracts were screened for relevance,
duplication, and the selection criteria. The inclusion criteria
were (1) primary focuson all communication interactionswithin
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and between the general public and/or patients and/or health
professionals about health issues using social media, (2)
including the uses and/or benefits and/or limitations of social
mediafor health communication, (3) original research studies,
(4) published between January 2002 and February 2012, and
(5) al study designs. The exclusion criteriawere (1) studies not
in English, (2) literature reviews, dissertation theses, review
papers, reports, conference papers or abstracts, letters (to the
editor), commentaries and feature articles, (3) studies only on
Web 1.0 ( ie, traditional Internet use), and (4) studies with a
primary marketing or advertising focus. In total, 98 original
research studies that included the use, and/or benefits, and/or
limitations of social media for health communication among
the general public, patients, and health professionals were
selected for this review [24-121] (see Figure 1). Excluded
studies and the reasons for exclusion are listed in Multimedia
Appendix 1. Two researchers (AM, LH) independently reviewed
and eval uated the studies and reached consensus on theinclusion
for the analysis. The interrater reliability between them was
0.90, indicating strong agreement [122]. Any discrepancieswere
discussed with reference to the research objective until
consensus was reached.
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Figurel. PRISMA flow diagram illustrating the study selection procedure.

9773 potential papers identified and screened for
retrieval using defined search terms

Databases:

PubMed Central 3830
EBSCO Host CINAHL 23
Proquest D93
OvidSP Embase 2116
OVIDSP Medline 1357
Communication Abstracts 101
Cochrane Library 0
OVIDSP PsychINFO 81
IST Web of Knowledge:Web of Science 1248
Additional records identified through 24
other sources (hand search)

A 4

Papers after duplicates removed (n=9654)

\ 4

Papers screened (n=9654)

»  Papers excluded (n=9506)

A 4

Full-text papers assessed for >
eligibility (n=148)

Full-text papers excluded,
with reasons (n=50)*

\ 4

Total number of papers included n=98
(qualitative n=48; quantitative n=40; mixed
methods, both qualitative and quantitative n=10)

Results

The 98 selected studies are summarized by study design, socia
media tool/application, study purpose, participants/sample and
sample size, measurement tools, results, conclusion, and use of
social mediain Multimedia Appendix 2 [24-121]. The diverse
studies included the use of a range of socia media
tools/applications, the most reported being Facebook, blogs,

http://www.jmir.org/2013/4/e85/

RenderX

Twitter, and YouTube (the full list is provided in Table 1). The
study samples included blogs/forum discussions in which the
participants were the genera public, patients, and/or health
professional s (Multimedia Appendix 2). Therewasawiderange
of health topics, but the most frequently reported on were sexual
health [45,46,70,104,107,115,117], diabetes[47,60,68,110,116],
flu/HIN1[54,57,58,111], and mental health issues such as stress
or depression [48,83,101].
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Table 1. Social media tools/applications within the 98 studies?.

Facebook (n=13)

Blogs (n=13)

Twitter (n=8)

YouTube (n=7)

My Space (n=5)

PatientsLikeMe (n=4)
Wikipedia (n=3)
Wiki (n=2)

Quitnet / online smoking cessa-
tion support group (n=2)

Physician rating website (not
specified) (n=2)

Second Life (n=1)
Daily Strength (n=1)
ArboAntwoord (n=1)

Socia media(tool not specified)
(n=30)

Farmer et al (2009) [37], Ahmed et al (2010) [51], Greene et a (2010) [60], Bender et a (2011) [78], Egan &
Moreno (2011a) [83], Egan & Moreno (2011b) [84], Frimmings et a (2011) [86], Gajaraet a (2011)[88], Garcia-
Romero et a (2011) [89], Jent et a (2011) [92], Kukrejaet al (2011) [95], Lord et a (2011) [99], Sajadi & Goldman
(2011) [105]

Adams (2008) [26], Kovic et a (2008) [29], Lagu et al (2008) [30], Tan (2008) [32], Denecke & Nedjl (2009) [36],
Keelan et a (2009) [41], Kim (2009) [42], Adams (2010) [50], Clauson et a (2010) [53], Hu & Sundar (2010)
[61], Sanford (2010) [71], Shah & Robinson (2011) [109], Marcus et a (2012) [119]

Chew & Eysenbach (2010) [54], Scanfeld et a (2010) [72], Heavillin et a (2011) [91], Kukrejaet a (2011) [95],
Sgjadi & Goldman (2011) [105], Salathe & Khandelwal (2011) [106], Signorini et al (2011) [111], Turner-McGrievy
& Tate (2011) [112]

Freeman & Chapman (2007) [24], Fernandez-Luque et a (2009) [38], Lo et a (2010) [67], Tian (2010) [74], Chou
et a (2011) [80], Sgjadi & Goldman (2011) [105], Fernandez-Luque et al (2012) [118]

Moreno et al (2007) [25], Moreno et al (2009a) [44], Moreno et a (2009b) [45], Versteeg et a (2009) [49], Ralph
et al (2011) [104]

Frost et a (2008) [28], Wicks et a (2010) [75], Doing-Harris & Zeng Treitler (2011) [81], Frost et a (2011) [87]
Clauson et a (2008) [27], Morturu & Liu (2011) [100], Rajagopalan et al (2011) [103]

Denecke & Nedjl (2009) [36], Adams (2010) [50]

Cobb et al (2010) [55], Selby et a (2010) [73]

Lagu (2010) [65], Kadry et al (2011) [93]

Beard et al (2009) [34]
Morturu & Liu (2011) [100]
Rhebergen et al (2012) [121]

Chou et al (2009) [35], Jennings et al (2009) [40], Takahashi et al (2009) [48], Avery et a (2010) [52], Colineau
& Paris (2010) [56], Corley et a (2010) [57], Ding & Zhang (2010) [58], Hwang et al (2010) [62], Kim & Kwon
(2010) [63], Kontos et a (2010) [64], Lariscy et a (2010) [66], Orizio et al (2010) [69], Rice et al (2010) [70],
Adrieet a (2011) [76], Baptist et al (2011) [77], Bosslett et a (2011) [79], Dowdell et a (2011) [82], Friedman
etal (2011) [85], Hanson et a (2011) [90], Kishimoto & Fukushmima(2011), [94], Lariscy et a (2011) [96], Liang
& Scammon (2011) [98], O’ Dea & Campbell (2011) [101], Omurtag et al (2011) [102], Selkie et a (2011) [107],

Setoyama et a (2011) [108], Shrank et a (2011) [110], Veinot et al (2011) [115], Weitzman et a (2011) [116],
Young & Rice (2011) [117], O’ Grady et al (2012) [120]

Web 2.0 application (not speci-
fied) (n=11)

Scotch et al (2008) [31], Timpkaet a (2008) [33], Hughes et al (2009) [39], Lupianez-Villanuevaet al (2009) [43],
Moen et a (2009) [44], Nordqvist et a (2009) [47], Ekberg et a (2010) [59], Nordfeldt et a (2010) [68], Lau

(2011) [97], Usher et al (2011) [113], Van Uden-Kraan (2011) [114]

350me studies included more than one social media tool/application.

Methodological Quality of Studies

From the searches between January 2002 and February 2012,
the selected studiesin this review were published from 2007 to
2012 with the vast mgjority in the last 2 years (Table 1). From
the available methodology of bias tools/quality scales, the
Downs and Black Instrument [123] has been previously
identified as arecommended tool to evaluate the quality of both
guantitative randomized and nonrandomized studies [124]. As
there are no standard accepted quality scales for studies of
proportions [125], only quantitative studies (including mixed
methods) were evaluated. Using this Downs and Black
instrument [123], the maximum total score that could be
achieved was 32, but the scores of the studies in this review
ranged from 3[89] to 22 [121]. Overal, the studies scored low
using this scale asthey were mainly exploratory and descriptive
with threeintervention studies[43,112,121] and one randomized
controlled trial (RCT) [45]. From the 98 studies, 40 were applied
guantitative, 48 qualitative (including studies with content
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analysis presenting data with descriptive statistics), and 10
mixed methods (both quantitative and quantitative). These
studies are presented by methodology in Table 2.
Methodological bias of the selected studies using the Downs
and Black instrument [ 123] is presented in Multimedia A ppendix
3.

Characteristics/Profileof UsersAccessing Social Media
for Health Communication

The characteristics of users of socia media for health
communication in the selected studies were diverse, covering
arange of different population groups. The age of the social
media users ranged from school children to older adults aged
65 years and up [24-121], but the majority of the reported ages
were 11-34 years[25,35,45,46,64,77,104,107,119]. Some studies
reported that there were more femal e than male users of social
network sites[35,40,55,62,64]. A few studiesfound that social
media users were disproportionately from lower-income
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households[35,64,72]. Studieswithin the United States reported
that more social media users were African Americans than
nonHispanic Whites[35,40]. Chou et al [35] concluded that the
population is accessing social media regardless of education
and race/ethnicity.

Uses of Social M edia for Health Communication

From the selected studies, seven key uses of social media for
health communication were identified for the general public,
patients, and health professionals (Table 3). Socia media
provided hedth information on a range of conditions to the
generd public[36,61,71,74,103], patients [47,63,71,75,98,103],
and health professionals [36,47,98]. This communication can
provide answersto medical questions[34,36,60]. Social media
allowsinformation to be presented in modes other than text and
can bring health information to audiences with special needs;
for example, videos can be used to supplement or replace text
and can be useful when literacy islow [50]. A range of social
media platforms can facilitate dialogue between patients and
patients, and patients and health professionals[56,79,110]. Sites
such as PatientsLikeMe enable patients to engage in dialogue
with each other and share health information and advice
including information on treatment and medication [28,75].
YouTube has been used by the general public to share health
information on medications, symptoms, and diagnoses [38],
and by patients to share personal cancer stories[80]. Blog sites
create a space where individual s can access tailored resources
[26] and provide health professionals with an opportunity to
share information with patients and members of the public
[30,56]. Facebook isbeing used by the general public, patients,
carers, and health professionals to share their experience of
disease management, exploration, and diagnosis [37]. Asthma
groups are using MySpace to share health information, in
particular personal storiesand experiences[49,60]. Social media
can be used to collect data on patient experiences and opinions
such as physician’s performance [ 26,65,109].

Social media have been used for health promotion and health
education [25,34,46,59,82,90,113,117] and for delivering a
health intervention by providing social support/influence to
promote smoking cessation and abstinence [55]. A study has
shown that social media can reduce stigma about certain
conditions such as epilepsy [67]. In addition, there were some
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opportunities for
consultations [88].

Benefits of Social Media for Health Communication

Six overarching benefits of sociad media for hedth
communication wereidentified for the general public, patients,
and health professionals (Table 4). Social media users have the
potential to increase the number of interactions and thus are
provided with more available, shared, and tailored information.
Social media can generate more available health information
as users create and share medical information online [50]. Blog
sites create a space where individuals can access tailored
resourcesto deal with health issues[26]. Social mediacanwiden
access to those who may not easily access health information
via traditional methods, such as younger people, ethnic
minorities, and lower Soci oeconomic groups
[35,64,66,83,84,86,99,104,107,115]. An important aspect of
using social media for health communication is that it can
provide valuable peer, socia, and emotional support for the
general public [37,43,44,47,48,51,56,73,101,108,114] and
patients [28,33,34,44,47,48,56,60,62,68,71,76,88,98,120] . For
example, social media can aid health behavior change such as
smoking cessation [53,73], and PatientsLikeM e enables patients
to communi cate with other patients and shareinformation about
health issues [28]. Colineau and Paris[56] reported that people
used health-related social networking sites to discuss sensitive
issues and complex information with health professionals.

health professionals to have online

In public heath surveillance, socia media can provide
communication in real time and at relatively low cost
[31,40,54,57,72,111,116]. Social media can monitor public
response to health issues [54], track and monitor disease
outbreak [111], identify misinformation of health information
[72], identify target areas for intervention efforts [106], and
disseminate pertinent health information to targeted communities
[57]. Hedlth professionals can aggregate data about patient
experiences from blogs and monitor public reaction to health
issues [26,40]. Social media may have particular potential for
risk communications as they can be used to disseminate
personalized messagesimmediately thus making outreach more
effective [58]. There is the potential that information on social
media may contribute to health care policy making, as medical
blogs are frequently viewed by mainstream media[29].
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Table 2. List of studies by methodology—quantitative, qualitative, or both (n=98).

Moorhead et d

Quantitative (n=40)

Qualitative (n=48)

Mixed methods (n=10)

Kovic et a (2008) [29]
Chou et al (2009) [35]

Moreno et al (2009a) [45]
Avery et a (2010) [52]
Chew & Eysenbach (2010) [54]

Cobb et a (2010) [55]
Colineau & Paris (2010) [56]
Hu & Sundar (2010) [61]
Kim & Kwon (2010) [63]

Kontos et a (2010) [64]
Lariscy et al (2010) [66]
Loet al (2010) [67]

Rice et a (2010) [70]
Wicks et al (2010) [75]
Adrieet a (2011) [76]

Baptist et a (2011) [77]
Bosdlett et a (2011) [79]

Dowdell et a (2011) [82]
Frimmings et al (2011) [86]

Garcia-Romero et a (2011) [89]
Hanson et a (2011) [90]
Jent et al (2011) [92]

Kadry et al (2011) [93]
Kishimoto & Fukushmima (2011) [94]

Kukreja et a (2011) [95]

Lau (2011) [97]
Lord et al (2011) [99]

Morturu & Liu (2011) [100]
O'Dea & Campbell (2011) [101]
Omurtag et al (2011) [102]

Rajagopalan et a (2011) [103]
Setoyama et a (2011) [108]

Signorini et a (2011) [111]

Turner-McGrievy & Tate (2011) [112]
Usher et a (2011) [113]

Van Uden-Kraan (2011) [114]
Weitzman et al (2011) [116]

Young & Rice (2011) [117]

Freeman & Chapman (2007)%24]
Moreno et a (2007)325]
Adams (2008) [26]

Frost et a (2008) [28]

Lagu et a (2008)330]

Scotch et a (2008) [31]

Tan (2008) [32]

Beard et al (2009) [34]
Denecke & Nedjl (2009)336]
Farmer et al (2009)337]
Fernandez-Luque et a (2009)3[38]
Keelan et al (2009)941]

Kim (2009) [42]

Moen et a (2009) [44]
Moreno et al (2009b)3[46]
Nordgvist et a (2009) [47]
Versteeg et a (2009)349]
Adams (2010) [50]

Ahmed et al (2010)351]
Clauson et a (2010) [53]
Corley et a (2010) [57]

Ding & Zhang (2010)358]
Ekberg (2010) [59]

Greene et a (2010)360]

Lagu (2010)365]
Nordfeldt et al (2010) [68]

Orizio et a (2010)969]
Sanford (2010) [71]
Scanfeld et al (2010) [72)]

Selby et al (2010)373]
Tian (2010) [74]

Bender et a (2011)378]

Chou et a (2011)°[80]

Doing-Harris & Zeng-Treitler (2011) [81]

Egan & Moreno (2011a)383]
Egan & Moreno (2011b)384]

Friedman et al (2011)385]
Frost et a (2011) [87]

Clauson et a (2008) [27]

Timpkaet a (2008) [33]

Hughes et al (2009) [39]

Jennings et a (2009) [40]
Lupianez-Villanueva et a (2009) [43]
Takahashi et a (2009) [48]

Hwang et a (2010) [62]

Ralph et a (2011) [104]

Selkie et a (2011) [107]

O Grady et al (2012) [120]
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Quantitative (n=40) Qualitative (n=48)

Mixed methods (n=10)

Fernandez-Luque et a (2012) [118]
Rhebergen et al (2012) [121]

Gajariaet a (2011) [88]

Lariscy et al (2011) [96]

Heavillin et al (2011) [91]

Liang & Scammon (2011) [98]
Sgjadi & Goldman (2011) [105]

Salthe & Khandelwal (2011)3106]
Shah & Robinson (2011) [109]

Shrank et al (2011)3110]

Veinot et al (2011) [115]

Marcus et a (2012) [119]

@ Quialitative study using content analysis with some findings reported as descriptive statistics.

b Descriptive statistics.

Limitations of Using Social Media for Health
Communication

There were 12 limitations of social media for health
communication (Table 5). The main recurring limitations of
social media are quality concerns [26,39,42,44,47,50,69,85]
and the lack of reliability of the health information
[26,37,39,40,42,44,47,50,69,74,85,95]. The authors of websites
are often unidentifiable, or there can be numerous authors, or
the line between producer and audience is blurred [38,50,74].
Thusitismoredifficult for individual sto discern thereliability
of information found online [50,38]. Regulations may not
facilitate health professionals to communicate with patients
online, for example, email is not an official medical record and
could be vulnerable to security breaches [68]. Policy reactions
to address concerns include providing training in how to use
and navigate social media technologies and validate accuracy
of information found [39,66], or bringing more credible sites
into the mainstream and making them fully accessible [39].

Thelarge volume of information available through social media
and the possihility for inaccuracies posted on these sites presents

challenges when validating information [26]. Several studies
highlighted concerns about privacy and confidentiality, data
security, and the potential harms that emerge when personal
data are indexed [38,44,47,50]. Social media users are often
unaware of the risks of disclosing personal information online
[26] and with communicating harmful or incorrect advice using
social media[26,50]. Asinformation isreadily available, there
is the potential of information overload for the user [50]. The
genera public may not know how to correctly apply information
found onlineto their persona health situation [50]. Thereisthe
potential that adverse health consequences can result from
information found on socia media sites, for example,
pro-smoking imagery [24]. In addition, there may be negative
health risk behaviors displayed online, such as unsafe sexual
behavior [45,46]. There is limited evidence that engaging in
online communities positively impacts people’s health [56].
Health professionals may not often use socia media to
communicate with their patients [42]. There is aso the
possibility that social media may act as a deterrent for patients
from visiting health professionals [42].

Table 3. Uses of social mediafor health communication among the general public, patients, and health professionals.

Uses of social mediafor health communication

Social media user

General Public  Patients Health Professionals
Provide health information on a range of conditions ad O O
Provide answers to medica questions O g O
Facilitate dial ogue between patientsto patients, and patients and health professionals O O
Collect data on patient experiences and opinions g O
Used for health intervention, health promotion and health education m| 0O g
Reduce stigma g O
Provide online consultations O O
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Table 4. Benefits of using social mediafor health communication for the general public, patients, and health professionals.

Benefits of social mediafor health communication Social media user
General Public ~ Patients Health Professionals

Increase interactions with others O O O
More available, shared, and tailored information O O O
Increase accessibility & widening access O O O
Peer/social/emotional support O ad ad
Public health surveillance O O O
Potential to influence health policy O ad ad

Table5. Limitations of social mediafor health communication among the genera public, patients, and health professionals.

Limitations of social mediafor health communication

Social media user

General Public Patients Health Professionals

Lack of reliability
Quiality concerns
Lack of confidentiality & privacy

Often unaware of the risks of disclosing personal information online

Risks associated with communicating harmful or incorrect advice using social

media

Information overload

g 0 d
O
d

O o o o
O o o o

Not sure how to correctly apply information found online to their personal health [

situation

Certain socia media technologies may be more effective in behavior changethan [

others
Adverse health consequences
Negative health behaviors

Socia mediamay act as adeterrent for patients from visiting health professionals ad

Currently may not often use social media to communicate to patients

Discussion

The 98 research studies in this review provided evidence that
socia media(most reported applications were Facebook, Blogs,
Twitter, and YouTube) can create a space to share, comment,
and discuss hedlth information on a diverse range of health
issues such as sexua health, diabetes, flu/HIN1, and mental
health issues [24-121]. Socia media attracts alarge number of
users thus creating a platform for mass health communication
[35] with identified uses, benefits, and limitationsfor the general
public, patients, and health professionals.

Uses of Social Media for Health Communication

The main uses of social mediafocus on increasing interactions
with others, and facilitating, sharing, and obtaining health
messages [24-121]. The general public mainly use social media
for themselves, family members, and/or friends to obtain and
share information on a wide range of heath issues
[36,60,61,71,74,103]. Patients can share their experiences
through discussion forums, chat rooms and instant messaging,
or online consultation with a qualified clinician [26,62,63].
Some health professional s were reported to use social mediato
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collect dataon patients[26,65] and to communicate with patients
using online consultations [88]; however, this latest use is
limited. Recent research reported that femae health
professionals in Quebec, Canada, believed that Web 2.0 may
be a useful mechanism for knowledge transfer but is limited
dueto their lack of time and technological skills[126]. Perhaps
in light of Kaplan and Haenlein's [10] classifications of social
media, further work on improving the “social presence’, the
closeness to synchronous face-to-face communication of such
online consultations, would contribute to improving
communication between health professionals and patients.
Another recent study applied social network analysis to
understand the knowledge sharing behavior of practitionersin
aclinical onlinediscussion forum and found that although their
number is limited, interprofessional and interinstitutional ties
are strong [127]. This relates to Gilbert and Karahalios' [128]
socia tieanalysisand suggeststhat devel opment of mechanisms
that evaluate tie strength in social mediathat in turn impact on
its functionality may be useful for health communication.
Further technol ogical advanceswill provide more opportunities
to use socia media in hedth care in the future, especialy
between patients and patients, and a so health professionalsand
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patients. However, both patients and health professionals may
requiretraining to fully maximize the uses of using social media
in health care.

Benefits of Social Media for Health Communication

Numerous benefits of using social media for headth
communication were reported for the general public, patients,
and health professionals. A major benefit of social media for
health communication is the accessibility and widening access
of health information to various population groups, regardless
of age, education, race or ethnicity, and locality, compared to
traditional communication methods [35,64,95,72]. While these
changing patterns may lessen health disparities, traditional
inequalities in overall Internet access remain. Furthermore,
variation in social media engagement according to personality
traits, age, and gender [15] suggests the need for ongoing
scrutiny regarding equality of access and effectiveness for
different users. Social media can be used to provide avaluable
and useful source of peer, social, and emotional support to
individuals, including those with various conditions/illnesses
[48,62,71]. Hwang and colleagues [62] reported that
encouragement, motivation, and shared experience were
important social support features of social media sites.

Social media allows users to generate peer-to-peer discussion
in a way not enabled by traditional websites [48,50,62,71].
However, thismay challenge expectations, relationships, quality,
and consistent health care practice. AsMoen et a [44] explain,
current patterns of collaboration tend to produce an asymmetric
patient-health care provider relationship. Thishighlightsastrong
need for health providersto maintain arole within social media
health communication that is not simply the same as that of
patient and general public users. Keitzmann et a [17] have
suggested that organizations need to recognize and understand
the social medialandscape, and where the conversations about
them are already being held (cognize), develop strategies that
are suitable, work out how often and when they should enter
into conversations, and be aware of what others are doing and
act accordingly. Thisreview highlightsclearly that social media
has benefitsfor health communication but the long-term effects
arenot known. Asthe use of social mediais expected to increase
in the future [1], there may be further benefits of using social
media in health care. It is not yet known how effective social
media applications are in health communications, which
warrants further research.

Limitationsof Social Mediafor Health Communication

Social media tools remain informal, unregulated mechanisms
for information collection, sharing, and promotion, so the
infformation is of varying quality and consistency
[26,27,39,40,42,44,47,50,69,74,85,95]. Similar issues exist with
traditional Internet sites, but these issues are being heightened
by theinteractive nature of social media, which allowslay-users
to upload information regardless of quality [50]. Reliability may
be monitored by responsible bodies using automated processes,
employed to signal when content has been significantly edited,
and progressis being madein automated quality detection [50].
Further work to improve the “media richness’ [10] of socia
mediafor health communication, that is, how they may reduce
ambiguity and uncertainty, would be valuable. In addition,
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combining more resources in one site could improve reliability
of information. As patients interact and share links, they could
compare numerous social mediasitesand triangulateinformation
to help them discern correct from incorrect information [50].
Despite concerns, information found on some websites is
reported to be generally factually accurate [39,62]. A further
limitation is that postings can be a permanent record and be
viewed by an increasing audience, and perhaps users are
unaware of the potential size of the audience base. Regulatory
and security issues must be addressed to broach away forward
for best-practice that allows the benefits of social mediato be
utilized yet still protects patients privacy and to therefore
improve use of these media in routine clinical care. Thisis a
public policy issue and is already being contested in the United
States. Public education is required for the general public,
patients, and health professionals to make them more aware of
the nature of using social media. Consideration of the variation
in social mediaengagement according to personality traits, age,
and gender [15] will be valuable in tailoring education to meet
the needs of population groups.

Gapsin theResear ch Literatureand Recommendations
of Research Into Social Media for Health
Communication

Thisliterature review has shown that the general public, patients,
and health professionals use social media in health care for
various purposes with numerous benefits and limitations. The
current research’s methodological scoring was low; this was
mainly due to the fact that the vast mgjority of the studiesin
this review were exploratory and descriptive. To date, there is
very limited evidence from RCTs and longitudina studies. To
more fully determine the role of social media for health
communication, further research with larger sample sizes and
more robust methodologies are required. Based on this review
[24-121], several gapsin theliterature have been identified that
need to be addressed:

« the impact of social media for health communication in
specific population groups, such as minority groups, patients
groups, culture differences;

« therdative effectiveness of different applications of social
media for health communication;

« thelonger-termimpact on the effectiveness of social media
for health communication;

«  the most suitable mechanisms to monitor and enhance the
quality and reliability of health communication using social
media;

« the risks arising from sharing information online, the
conseguences for confidentiality and privacy, and the most
suitable mechanisms for effectively educating usersin the
maintenance of their confidentiality and privacy;

« thefull potential of social mediain effectively supporting
the patient-health professional relationship;

« theimpact of peer-to-peer support for the general public,
patients, and health professionals to enhance their
interpersonal communication;

« theimpact of social media on behavior change for healthy
lifestyles.
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To addressthese gapsin theliterature, the key recommendations
for future health communication research focus on robust and
comprehensive evaluation and review, using a range of
methodologies. The research priorities are highlighted below:

« To determine the impact of social media for health
communication in specific population groups with large
sample sizes (representation of population groups).

- To determine the relative effectiveness of different social
media applications for health communication using RCTSs.

- To determine the longer-term impact on the effectiveness
of social mediafor health communication using longitudinal
studies.

- To explore potential mechanisms for monitoring and
enhancing the quality and reliability of health
communication using social media.

- To investigate the risks arising from sharing information
online and the consegquencesfor confidentiality and privacy,
coupled with developing the most suitable mechanismsto
effectively educate users in the maintenance of their
confidentiality and privacy.

« To determine how social media can be effectively used to
support the patient-health professional relationship.
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- To determine the impact of peer-to-peer support for the
generd public, patients, and health professionalsto enhance
their interpersonal communication.

- Toexplorethe potential for social mediato lead to behavior
change for healthy lifestyles to inform health
communication practice.

Conclusions

Social mediabrings anew dimension to health care, offering a
platform used by the public, patients, and health professionals
to communicate about health issues with the possibility of
potentially improving health outcomes. Although there are
benefits to using social media for health communication, the
information needs to be monitored for quality and reliability,
and the users' confidentiality and privacy need to be maintained.
Socia mediaisapowerful tool that offers collaboration between
users and a social interaction mechanism for a range of
individuals. With increasing use of social media, there will be
further opportunitiesin health care. Research into the application
of social media for health communication purposes is an
expanding area because increasing general use of social media
necessitates that health communication researchers match the
pace of development. Further robust research is required to
establish whether social mediaimproves health communication
practices in both the short and long terms.
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Abstract

Background: A high-quality gold standard isvital for supervised, machine learning-based, clinical natural |anguage processing
(NLP) systems. In clinical NLP projects, expert annotators traditionally create the gold standard. However, traditional annotation
is expensive and time-consuming. To reduce the cost of annotation, general NLP projects have turned to crowdsourcing based
on Web 2.0 technology, which involves submitting smaller subtasks to a coordinated marketplace of workers on the Internet.
Many studies have been conducted in the area of crowdsourcing, but only a few have focused on tasks in the general NLP field
and only a handful in the biomedical domain, usually based upon very small pilot sample sizes. In addition, the quality of the
crowdsourced biomedical NLP corpora were never exceptional when compared to traditionally-devel oped gold standards. The
previously reported results on medical named entity annotation task showed a 0.68 F-measure based agreement between
crowdsourced and traditionally-devel oped corpora.

Objective: Building upon previous work from the general crowdsourcing research, this study investigated the usability of
crowdsourcing in the clinical NLP domain with special emphasis on achieving high agreement between crowdsourced and
traditionally-devel oped corpora.

Methods: To build the gold standard for eval uating the crowdsourcing workers’ performance, 1042 clinical trial announcements
(CTAs) from the Clinical Trials.gov website were randomly selected and double annotated for medication names, medication
types, and linked attributes. For the experiments, we used CrowdFlower, an Amazon Mechanical Turk-based crowdsourcing
platform. We calcul ated sensitivity, precision, and F-measure to eval uate the quality of the crowd’s work and tested the statistical
significance (P<.001, chi-square test) to detect differences between the crowdsourced and traditionally-devel oped annotations.

Results: The agreement between the crowd’s annotations and the traditionally-generated corpora was high for: (1) annotations
(0.87, F-measure for medication names; 0.73, medication types), (2) correction of previous annotations (0.90, medication names,
0.76, medication types), and excellent for (3) linking medications with their attributes (0.96). Simple voting provided the best
judgment aggregation approach. There was no statistically significant difference between the crowd and traditionally-generated
corpora. Our results showed a 27.9% improvement over previously reported results on medication named entity annotation task.

Conclusions: This study offers three contributions. First, we proved that crowdsourcing is a feasible, inexpensive, fast, and
practical approach to collect high-quality annotations for clinical text (when protected health information was excluded). We
believe that well-designed user interfaces and rigorous quality control strategy for entity annotation and linking were critical to
the success of thiswork. Second, as a further contribution to the Internet-based crowdsourcing field, we will publicly release the
JavaScript and CrowdFlower Markup Language infrastructure code that is necessary to utilize CrowdFlower’s quality control
and crowdsourcing interfaces for named entity annotations. Finally, to spur future research, we will release the CTA annotations
that were generated by traditional and crowdsourced approaches.

(J Med I nternet Res 2013;15(4):673) doi:10.2196/jmir.2426
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Introduction

One of the key components of supervised machine
learning-based clinical natural language processing (NLP)
systemsis the high-quality gold standard used for training and
testing. In clinicd NLP projects, expert annotators are
traditionally asked to double annotate the text for the purposes
of the gold standard. Expert annotators could be clinicians or
extensively trained laypeople [1]. Unless the expert annotators
are volunteers, they are very costly to pay and it is usually not
easy to build a sufficiently large group of expert annotators
locally and, consequently, fast contingent of annotators. To
reduce the cost of expert human annotation, many projectsin
general NLP have turned to crowdsourcing, which involves
submitting alarge number of smaller subtasksto a coordinated
marketplace of workers on the Internet. These workers (called
turkers) are paid small amounts (usually afew cents) for each
task, sometimes resulting in considerable overall savings over
the traditional expert annotator model. The trade-off is usually
between the accuracy of the annotation result and the cost
savings. Because anonymous turkers from all over the world
have different levels of proficiency inthetask and are not trained
to accomplish the task, efficient quality control and judgment
voting methods are required to generate good results.

Many studies have been conducted in the area of crowdsourcing
tasks. Asearly as 2008, Snow et a [2] were thefirst to explore
the feasibility of crowdsourcing in NLP. Five NLP tasks were
published on Amazon Mechanical Turk (AMT, [3]) to turkers.
Their results indicated that non-expert labellers could obtain
high-quality annotations. Since then, data created by
crowdsourcing has been widely studied for different research
areas. Lawson et al [4] described how using a competitive
payment system and interannotator agreement improved the
quality of named entity annotationson AMT. Unliketraditional
named entity experiments, Finin et a [5] presented their
experience by leveraging AMT and CrowdF ower [6] to annotate
named entities in Twitter data. 1t was the first work of named
entity recognition in the new domains of Facebook and Twitter.
Meanwhile, several studies attempted to use crowdsourcing to
create data for machine trandation systems. Ambati and VVogel
[7] explored the effectiveness of using AMT to do sentence
tranglation for creating parallel corpora. Denkowski et al [8-10]
attempted to generate annotated datain a variety of languages.
In addition, crowdsourcing was also applied to transcription
[11-13], part-of-speech tagging [14], and other tasks[15,16].

In a recent publication of the Journal of Medical Internet
Research, Turner et a [17] reported on the use of crowdsourcing
to collect feedback on the design of health promotion messages
for oral health. Luengo-Oroz et a [18] evaluated the feasibility
of crowdsourcing to conduct malariaimage analysis. Gathering
alarge number of high quality annotationsisacritical challenge
inbiomedical NLP, which was presented in detail in the editorial
of Chapman et a [1]. Asdemonstrated by studiesin the general
NLP field, crowdsourcing is a decidedly promising solution to

http://www.jmir.org/2013/4/e73/

this research area. However, in contrast to the general NLP
domain, there are only afew studies involving crowdsourcing
in biomedical NLP and amost none for clinical NLP. Most
recently, Burger et a [19] performed a task of extracting the
gene-mutation relations in Medical Literature Analysis and
Retrieval System Online (MEDLINE) abstracts on AMT. In
their work, candidate mutations were extracted from 250
MEDLINE abstracts using the Extractor of Mutations (EMU)
presented together with the curated genelists from the National
Center for Biotechnology Information (NCBI). Using a
customized interface, it was feasible for turkers to apply their
judgments. They reported that the weighted accuracy was 82%.
Thiswork was somewhat similar to our linking of medications
and their attributes, but it focused on a very specific
gene-mutation domain. Norman et a [20] investigated
leveraging crowdsourcing to facilitate the discovery of new
medicines.

Yetisgen-Yildiz et a [21,22] explored the task of using AMT
to annotate biomedical text. Clinical trial announcements
annotated 3 entity types (medical conditions, medications, and
laboratory tests). The authors indicated that AMT was a very
promising tool for annotating clinical text and awell-designed
interface and annotation guidelines were helpful to further
improve the performance. Building on these earlier works, we
designed our medical named entity annotation experiment to
include a large-scale data set, easy-to-use graphical user
interface and strict quality control. Specifically, a corpus ten
times of earlier works was used in our experiments.
CrowdFlower Markup Language (CML) and JavaScript were
leveraged to implement the interface. We implemented a
4-component quality control strategy to improve the
crowd-generated annotation.

Improving the quality of judgmentsis one of the most important
issuesin crowdsourcing, especialy for the tasks without strong
quality control. A variety of methods have been proposed to
assess the quality of judgments from turkers. Kumar and Lease
[23,24] presented a weighted voting method based on turkers
accuracies, which can be estimated by taking the full set of
labelsinto account. Jung and Lease [25] conducted alarge-scale
consensus study on relevant  judgements  between
query/document pairsfor Web search on the ClueWeb09 dataset
[26]. Intheir work, approximately 20,000 |abelswere collected
from 766 Mechanical Turk workers. They reported that
computing the Z-score could filter noisy labels and achieve a
significant improvement, in comparison to a mgjority vote
baseline. Based on the previous work, a semi-supervised
approach was proposed to maximize the benefit from consensus
[27] with consensus labels from both labelled and unlabeled
examples. As these studies indicated, though much progress
has been made, quality control and aggregating judgments are
till the major chalenges of crowdsourcing. The highest reported
performance of medication name entity annotation from earlier
crowdsourcing attempts in the biomedical NLP domain was
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0.68 (F-measure) for agreement between traditional and
crowd-generated corpora[21,22].

In our research, we applied strict quality control to select
qualified turkers and investigated multiple approaches to
aggregating judgments. The goals of our study were to build
upon previous work from the general crowdsourcing research
and to evaluate the usability of crowdsourcing approach in the
clinical NLP domain. This will help us automate clinical trial
eligibility screening. The clinical NLP tasks that we used for
the purpose of eval uation were medical named entity recognition
and entity linkinginaclinical trial announcement (CTA) corpus.
The entities involved were medication names and medication
types, as well as their attributes. During our research, we first
studied the turkers’ performance to annotate medical named
entities on a large-scale data set. Second, we proposed to use
crowdsourcing to link named entities and their attributes, in
which the entities and attributes were pre-annotated in the text
and the crowdsourcing task wasto identify entity/attribute pairs
that are associated in thetext. Third, we attempted to find anew
solution to produce a more robust, manually-created gold
standard (ie, correction) by investigating whether an iterative
model of crowdsourcing tasks can correct errors from previous
generations of tasks. Finally, we studied 3 methods to aggregate
multiple annotations of the same text to generate a better gold
standard.

Our research contributed to the field of clinical NLP by: (1)
evaluating the usability of crowdsourcing in the clinical NLP
domain, (2) publicly releasing the user interface software that
is necessary for crowdsourced, named-entity annotation, and
(3) implementing a 4-component quality control strategy to
improve the crowd generated annotation, including an
introductory quiz to filter the automated scripts, a geographical
congtraints for turkers, training turkers for the task, and
continuous performance monitoring. We will release the
annotated corpora in December 2013 when our NIH grant
funding concludes.

Methods

Definition of Annotated Named Entitiesand Linkages

This section presentsthe definitions and examples of medication
entities (medication names and medication types) and
medication-attribute linkages annotated in this work.

Medication Name

Medication names are specific names of drugs, biological
substances, and treatments. Some examples of mediation names
are ibuprophen, phosphonoacetic acid, vancomycin, and
ganciclovir.

Figure 1. Example of linkages between medications and their attributes.

Zhai et &

Medication Type

Medication types refer to classes of drugs (eg, antibiotics,
anti-inflammatory drugs, benzodiazapines), types of drug
therapy (eg, chemotherapy), and general references to
medications (eg, “ study drug”, “other drugs’, “medication”).

Attribute

Attributes define how much, how often, and in what form
medications or medication types are taken. We distinguished
between the following categories of attributes (based on the
schema of the SHARPN project [28]):

- Date indicating all dates associated with the medication
(eg, start dates, concluding dates)

- Strength: indicating the strength number and units of the
prescribed drug

- Dosage: indicating the amount of each medication used by
the patient and type of dose it is (eg, high dose, low dose,
stable dose)

- Form: indicating the shape or configuration of the
medication (eg, tablet, capsule, liquid, injection, infusion)

- Frequency: indicating how often each dose of the
medication should be taken

- Duration: indicating how long the patient is expected to
take the drug

- Route: indicating route or method of the medication (eg,
intravenous, oral, chew, topical)

- Status change: indicating whether the medication is
currently being taken or not (eg, active, inactive, hold,
incomplete, started, discontinued, increased, decreased, no
change)

- Maodifier: indicating mentionsthat could exist under certain
circumstances (eg, conditional modifier), develop or alter
a mention (eg, course modifier), or generic modifier (eg,
conventional)

Linking

The linking task associates attributes to their corresponding

medication entities, assuming medications and attributes have

adready been pre-annotated. The following sentence
demonstrates the linking task: “Advair 250/50 diskus 1 puff
and Singulair 5mg chewable 1 tablet once a day”. In this
sentence, “Advair and Singulair” are the medication namesand

“250/50, diskus, 1, puff, 5mg, chewable, 1, tablet, and once a

day” aretheattributes. In this example, “250/50, diskus, 1, and

puff” arethe attributes of Advair, “5mg, chewable, 1, tablet and

once aday” are the attributes of Singulair, as shown in Figure
1.

vV | | v

Advair 250/50 diskus 1 Puff and Singulair 5mg chewable 1 tablet once a day.
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Gold Standard to Evaluate Turker Perfor mance

In one of our previous projects, CTA were annotated for
medication extraction. In this paper, we present the most
important features of the gold standard used in the study. Details
of the corporaand the process of the gold standard devel opment
were thoroughly described in a separate manuscript that was
published in the 2012 AMIA Annua Conference Proceedings
[29]. The corpus was double annotated for medication names,
types, and attributes by two annotators (college graduates with
bachelor degrees) to create agold standard, at acost of 20 days
per annotator for annotation of medication namesand typesand
an additiona 20 days per annotator for the attributes.

Table 1. CTA corpus statistics.

Zhai et &

Additionally, each attribute was linked to its respective
medi cation name or medication type.

The CTA corpus was composed of 3000 CTAs randomly
selected from the Clinical Trials website (105,598 documents
as of March 2011). We annotated only the eligibility criteria
sections of the trial announcements. Table 1 shows the
descriptive statistics of the corpus (number of documents and
number of annotations in the traditional gold standard). In this
study we used crowdsourcing to annotate only medication names
and medication types. The linking crowdsourcing experiment
utilized pre-annotated text: medication names, medication types,
and attributes.

Corpus statistics

Documents

Tokens

Annotations
Medication name
Medication type
Date
Dosage
Duration
Form
Frequency
Route
Status change
Strength
Modifier

All classes

3000
635,003

9968
11,789
16

645

482
381
894
598
409
5827
31,653

Because the CTAs were longer than the text of many
crowdsourcing tasks, and considering the difficulty of clinical
NL P annotations, we decided to break up the CTAsinto smaller
paragraph-length sizes for the tasks. Based on a tokenizer we
wrote to count discrete basic units, the average token count in
a CTA document was 212. In the paragraph-size tasks, we split
the CTAs into paragraphs with at least 50 tokens, preserving
the origina format and the integrity of the CTA file (no
paragraphs spanned into different CTAS). Thisresulted in 9773
paragraphs or “units’.

Crowdsourcing User Interface

We selected CrowdFlower (CF) as the platform through which
we would access AMT because CF's self-service product met
our needs for flexibility in graphical user interface (GUI)
modification and offered meansfor strict and continuous quality
control for the annotations. We wrote a custom JavaScript
program that was loaded into a CF job, allowing the turkers to
highlight and classify entities in a similar fashion to the
Knowtator plug-in for Protégé [30] that was used in our
traditional annotation methods.

http://www.jmir.org/2013/4/e73/

In addition to the customizable GUI, another key benefit of
using the CF crowdsourcing platform over directly accessing
AMT isthat it has strict quality control measures. CF provides
an interface for creating and editing “gold standard answers’
for quality control. “Gold standard answers’ are randomly
included (without the turkers being aware of their presence) in
the submitted data and a turker is required to meet aminimum
threshold of accuracy in these “gold” examples in order to
continue submitting tasks. When a turker meets this threshold,
he/sheisdeemed “trusted”. Only the “trusted” turkers dataare
collected to establish final judgments. If an example has 3
medications in the unit and the turker annotates only two
correctly, the system will score the judgment as incorrect as
there are no partial scoresin determining a turker’strust status
within aparticular unit of annotated text.

In pilots, we experimented with different thresholds. Lower
thresholds resulted in lower agreement of the turker-annotated
corpora with the gold standard corpora. Higher thresholds
prevented the successful completion of the task by eliminating
too many turkers. Because of the complexity of the task, we
experimented with a trust-based threshold and found 50% (on
unit level) to be the most feasible threshold number. A turker
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presented with “gold standard” examples must accurately
annotate 50% of the unit-based responses. That is, if the turker
annotated 4 units of “gold” examples, at least 2 (of the 4) had
to be exact matches for him/her to establish trustworthiness.
The 50% threshold was evaluated on the unit’s level and not
on the named entity level. That is, all of a unit’s annotations,
or judgments, had to be matched exactly with the “gold
standard” answers, irrespective the number of named entities
per unit.

We also found that the training mode of CF was very helpful
in winnowing the pool of turker candidates to only the highest
quality annotators. In training mode, the turkers were directed
to several training examples first. All of the training examples
were gold standard examples and the turker must complete 4
examples correctly to proceed to the production annotation task.
Based on these interfaces, we implemented our quality control
strategy. Of all our tasks, 20% of the total nhumber of units
submitted for judgment were uploaded and setup as* gold” units.
That is, 20% of the annotated units were gold standard units
where the CF system could continuously gauge the
trustworthiness of theturker. If aturker’strustworthiness dlipped
below 50%, the turker was warned. If his/her performance did
not improve during the next two gold tests, then the turker’'s
entire output was excluded from the collected data and the
system subsequently blocked the turker from submitting any
further judgements.

Inthein-house experts' generated gold standard, approximately
30% of the CTAs had no medications or medication types. Due
to the splitting of the CTAs into smaller units, however, the
empty percentage grew to 42%. Several initial pilot experiments
were conducted regarding the study’s design features, including
training mode, trusted-turker accuracy threshold, and whether
empty tasks were included or not. We tested the performance
of excluding empty units (where the data included at least one
entity from thein-house gold standard in every unit and aturker
had to mark at least one entity to submit) and including empty
units (ie, units that have no entities from the in-house gold
standard). To mirror the origina task given to the traditional
annotators and to keep the annotated sample representative of
the full CTA corpus, we kept the empty units at 30% of the
crowdsourced units.

During the pilot annotations, we had difficulty with a large
numbers of untrusted turkers and judgments coming from Asia
so we restricted the project to turkers from Australia, Canada,
the United Kingdom, and the United States. We also requested
5 judgments per unit (from 5 different turkers) in order to allow
flexibility with voting measures and methods. |n addition to the
training mode, aqualification quiz was presented to each turker
thefirst time they signed up for our tasks. They had to read and
understand the instructions, and answer ashort quiz (3 multiple
choice questions) in order to gain access to the job. The quiz
blocked “robot scripts’ from participating in our tasks.

Figure 2 shows snippets of the corresponding CML code,
common style sheet (CSS) code, and custom JavaScript. As
seen in Figure 2, CF provides the interface for users to edit
CML, CSS, and JavaScript in corresponding text areas named
CML, CSS, and JavaScript, respectively. The complete GUI

http://www.jmir.org/2013/4/e73/
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code can befoundin the Multimedia Appendix 1. Thisinterface
was primarily used for creating our annotation program. The
main restriction for the custom JavaScript code is that it runs
only once, when CF randomly selects a unit and presents it to
a turker to perform a judgment. In order to deal with this
restriction, we created the program based on event-driven
programming, in which each user’s annotation operation was
captured and processed by adesignated function. Thisdynamic
JavaScript program worked for each unit submitted for
judgment. For the medi cation and medication type named-entity
annotation tasks, our program displayed the unit, allowing for
an offset (a single word or group of words) to be selected with
a left-click and drag of the mouse or a double-click and a
subsequent right click event, in which the turker would select
the class associated with the highlighted text. The program kept
a sorted record of the offsets, classified for both entity classes,
and submitted these offsets as named entities when the turker
clicked “submit”. The program also handled discontinuous
entities, as described below. The performance evaluation
described in the experiments section involves comparing the
offsets submitted between the turker’s judgments and the gold
standard. Figure 3 shows the interface of the medication and
medi cation type named-entity annotation task. In thisinterface,
4 of the major functions were provided, which were “word
selection”, “annotation selection”, “annotation information
display”, and “discontinuous highlighting”.

The “word selection” function supported double-clicking to
select a single word, automatic word-extending and invalid
character-shrinking to improve the accuracy and efficiency of
the turkers' operations. Two buttons (“extend highlight” and
“shrink highlight”) were provided to extend and shrink the
highlighted (annotated) area on the right hand side by one
character at atime. After selecting one word or more, a menu
with two options (“Medication Name” and “Medication Type”)
popped up for the turkers to select the target annotation type.
After the turkers clicked the option, the selected word(s) was
highlighted by a corresponding color (eg, green was for
“Medication Type,” as shown in Figure 3) and al the current
annotation information was displayed in the table named
“Annotated Entity List”. If the turkers needed to remove
annotations already highlighted with alabel or if they wanted
to changethelabel of the highlighted word, they had to left-click
on the highlighted word and click “OK” to confirm their choice
to remove the annotation from the table at the bottom of the
page. It should be noted that entities comprised of discontinuous
tokens could be highlighted as a single entity by concurrently
pressing down CTRL.

The interface for the correction task (correcting previously
annotated entities) was similar to the annotation task with the
only difference being that some words were pre-annotated
(highlighted). The offsets associated with these highlighted
words were prefilled into the unit judgment table.

Figure 4 shows the interface for the linking task. In this
interface, all medications (medication nhames and medication
types) and attributes were highlighted with their respective
colors. Medications were highlighted with yellow and attributes
were highlighted with light gray. Turkers had to left click on
the medications and attributes in corresponding pairs. The
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selected medications and attributes were displayed in the
corresponding textbox to link them together and the linked pairs
were shown in the table named “Linking Information List”. If
the turkers wanted to remove an entity-attribute pair, they could
click the"Remove" button to theleft of the pair in the“Linking
Information List.” Inal of thesetasks, theresultswereinternally
represented by offsets instead of the original text, which was

Figure 2. Snippetsof CML, CSS and JavaScript.
CMVL showtitle & instructions

Zhai et &

necessary to address the problem of words occurring more than
once in the same annotation unit. The GUI worked in Firefox
and Chrome browsers. The JavaScript checked the browser type
when aturker signed up for our tasks and, if the turker did not
use one of the two browsers, it would instruct the turker to
download and install a correct browser.

<p>{ {sentences} }</p> =
<crril: label="medication or type" class=""></crml: >
<crml: label="attributa" class=""></cml: >
<crnl: label="1linkinginfo" gold="true" class=""></crl: >
<crnl: label="requirearea" class="" validates="required" default="---"></cml: >
hlightmedic onname { =
background-color: yeallow;
}
ti type {
r: limegreen;
.cmenuall
{
position:absolute;
* ._n'
function HightlightRange (selectRange, varlID, wvarStyle)
{
var varStartOffaset = selectRange.atartOffset;
var varEndOffset = selectRange.endOffset;
var varParentNodeTemp = selectRange.startContainer.parentNode;
[/ I t mean of start/end offset of Range, [checked that, the endoffset i
var varBeginStr = selectRange.startContainer.textContent.substring(l, varStartOffset):;
var varEndStr = selectRange.startContainer.textContent.substring(varEndOffset)
var varSelect8tr = selectRange.startContainer.textContent.substring(varStartOffset,
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Figure 3. Medication named entity recognition task interface.

Unit 181521419

Exclusion Criteria:

- treatment with [EBIBE. clopidogrel, ticlopidine, dipyridamole, warfarin or any other Hill§8 known to affect platelet function.

- ischemic vascular event within the previous 12 months

- revascularization (angioplasty or coronary by-pass graft surgery) within the previous 12 months

- intake ofm""*“" Lamanl of sencardial infarction (group: “Previous myocardial infarction®).
Medication Name

- platelet count Medication Type

- previous myocardial infarction (group: "CAD").

- not able to give informed consent

gender: Both

minimum_age: 18 Years

maximum_age: N/A

healthy_volunteers: Accepts Healthy Volunteers
mesh_term: Coronary Artery Disease Diabetes Mellitus, Aspirin

[ Extend Highlight | [ Shrink Highlight |
Annotated entity list:

Medication Name Medication Type
clopidogrel
ticlopidine
dipyridamole

warfarin

Aspirin
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Figure4. Linking task interface.

Zhai et &

- the patient used conventional nonsteroidal antiinflammatory drugs (NSAIDs), selective

cvclooxyaenase-2 (COX-2) inhibitors, or tramadol during the & hours preceding
surgery, during surgery, or subsequent to the end of surgery;

- the patient received oxaprozin or piroxicam within 1 week prior to randomization;

- the patient had a pain pump or indwelling catheter during surgery that administered
local or intraarticular anesthetics or narcotics at the index joint, or had such an

intra-articular injection at the end of surgery;

medication or type

attribute

Linking information list:

Remove Medication or Type

Attribute

Remaove | nonsteroidal antiinflammatory drugs |conventional

Remove | [NSAIDs
Remaove | |anesthetics

Experiments

After theinitial, smaller pilot experiments, we selected alarger
number of unitsfor the complete named-entity recognition task.
In an earlier unpublished project to develop a machine
learning-based medication entity-extraction pipeline, we
determined that 1042 CTAs were necessary for the training set
to achieve higher than 0.80 F-measures (0.86 for medication
name and 0.82 for medication type, using Conditional Random
Fields algorithm for information extraction). We used this
empirically determined corpus size of 1042 CTAs,
corresponding to 3400 units as mentioned in previous section
for both the medical name-entity recognition and entity-linking
jobs. Several samples annotated by turkers and their
corresponding gold standard are presented in the Multimedia
Appendix 2.

Based on the pilot medication named-entity annotation
experiments, the correction experiment was performed by taking
a smaller data set with 200 units and its corresponding 1000
judgments (5 judgmentsfor each unit) and submitting the unique
judgments to another crowdsourcing job. The previous
experiment had 735 unique judgments (out of 1000). If a
particular unit had 3 unique judgments and two additional
duplicate judgments, we resubmitted only the 3 unique
judgments for the correction job. A judgment was defined by
the response of a turker to a unit, covering all of the entities
annotated for that unit. In this example, the original job had 5
judgments for the unit and the correction job had 15 judgments

http://www.jmir.org/2013/4/e73/
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for that same unit (3 unique judgments submitted for 5
correction judgments each). For each correction judgment, a
turker had the opportunity to remove annotations, add additional
annotations, or provide no change to that unit.

M easurements

In this paper, standard named-entity recognition and
classification measurements were adopted to evaluate the
performance of the experiments, including Precision (P), Recall
(R), and F-measure (F), which are defined in the Multimedia
Appendix 3.

Voting M ethods

One of the aims of this study wasto evaluate different methods
of voting on judgments from crowdsourced outputs. Because
these are named-entity and linking tasks, the calculation is on
the entity and linking level. We experimented with 3 voting
methods for the medication name and medication-type entity
recognition and the medication attribute linking tasks.

We investigated 3 voting methods. simple voting (simple),
trusted score weighted voting (trust), and turker experience
weighted voting (experience). All voting was performed at the
entity and linking level (micro average), regardless of the
number of entities and linkages in a given task unit. Equations
(2), (2), and (3) shown in Multimedia Appendix 4 describe the
formulaswe used for the 3 voting methods. L et e be the number
of votes for a particular named entity and let J be the number
of judgments (number of turkers who submitted responses) in
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this unit. Let t; be the trust score of turker i who annotated the
entity. Let u; bethetotal number of judgmentsuser i performed
and let m be the maximum number of judgments the most
prolific turker performed. For simple voting presented in
Equation 1, if there were 2 or more annotations (out of 5
judgments/responses) for a particular entity, it was selected for
the adjudicated judgment.

Equation 2 gives the trusted score voting, which weighs a
particular turker’sentity vote with their trust score (atrust score
of 75% provided a 0.75 vote per entity and the max trust score
of 100% provided a single simple vote). As presented in
Equation 3, turker experience voting weighted each entity vote
by the experience score of the turker. The experience score is
the number of judgments performed by a turker relative to the
maximum number of judgments the most prolific turker
performed in that experiment. For example, in onejob, aturker
submitted 163 judgments, which was the most of any turker in

Zhai et @

that job. That turker’sweight for all of his entity votes became
1 and the experience score for all other turkers became u/163.
Note that the intention of division in 3 equations was to
normalize the scores to the range of O to 1. As presented in
Figure 5, there was high variance in the accomplished number
of jobs between turkers. The point of thelogarithm in Equation
3 wasto scale the difference.

The F-measures were cal culated using the 3 voting methods on
the original judgments (with each unit having 5 judgments) as
correction baselines presented in Table 5. These were then
compared to the subsequent correction results computed by 3
voting methods of all correction judgments presented in Table
6. In order to further show the impact of correction, another
measure, which we described as aresponse-level entity vote, is
presented in Figure 6. We counted whether the F-measure of
the correction judgments improved upon the F-measure of the
original judgment.

Figure 5. The distributions of turkers’ experience for medical named-entity task, correction task and linking task (X axis denotes number of jobs, Y

axisindicates number of turkers).
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Statistical Significance Test of Turker Performance

In order to analyze the differences between the corpus created
by the turkers and the corpus created by in-house expert
annotators, a statistical assessment method (named “pooling
chi-square test”) was proposed to calculate the P values. In this
method, the voting results from turkers were pooled together
with the corpus that was annotated by experts. These pooled
results were then tested against the original voting results. The
hypothesis was that the turkers with sufficient training and
aggregating multiple results could perform as well as experts.
If this hypothesis was true, then pooling the results was not
expected to change the original CF voting results. Specifically,
the hypothesis H, was that the experts' output did not change
the quality of the turkers' annotations (reflected by the number
of unique entities annotated correctly and incorrectly). If the P
value was less than the designated threshold (0.05), it meant
that the experts’ output significantly affected the quality of the
turkers' results. In other words, the turkers did not perform as
well asexperts. If the P value was higher than the predetermined
threshold, then we could not reject the hypothesis. Therefore,
we could infer that there was no evidence for statistically
significant differences between the turkers' and experts
annotations.

Results

Information on Turkers

Table 2 shows information on turkers participating in our 3
tasks. We had 156 turkers, 86 turkers, and 46 turkersto complete

Table 2. Information on turkers participating in the 3 tasks.

Zhai et &

medical named-entities task, correction task and linking task,
respectively. Figure 5 presents the distribution of turkers by the
number of performed jobs for the 3 tasks. We found that the
top 5 most prolific turkers completed 39.9% (6778/17,000)
medical named-entities jobs, 44.0% (1616/3675) correction
jobs, and 45.4% (7716/17,000) linking jobs. Figure 7 showsthe
distribution of F-measure of turkersfor the 3 tasks. We can see
that F-measures of greater than 0.6 were achieved by over 83%
turkersfor the medical named-entitiestask, over 88% of turkers
for the correction task and 100% for the linking task. Table 3
presents the cost and completion time of the 3 tasks. The
payment of 3.84 cents per judgment included 3 cents paying
for turkers and 0.84 cents charged by CF. Table 3 also presents
the time required for the in-house annotators to complete the
same tasks. Additionally, the time to receive results from
in-house annotation isaround 5 timeslonger than crowdsourcing
due to the parallel nature of the crowdsourcing task and the
traditional work hours (eg, Monday to Friday, 9am-5pm). The
133 hoursrepresented by thetotal in-house annotation werethe
total work hours. The total elapsed time was 10 days (8 work
days plus 2 weekend days).

Results of M edical Named-Entities Annotation Task

Table 4 shows the results of the turkers' medical named-entity
annotation with the 3 voting methods that were implemented.
It shows the turkers' generated corpus agreement with the
in-house experts generated gold standard at various threshold
levels.

Task name Participating turkers Turkers passing the test
Medical named-entities 1144 156
Correction 678 86
Linking 644 46
Table 3. Cost and time of the 3 tasks.
Crowdsourcing In-house
Task name To_tal Total judgments  Total cost Total time Total judgments  Total time
units (per judgment) (per judgment) (per judgment)

Medl cal named- 3400 17,000 $652.85 57 hours 6800 128 hours
entities (3.84 cents) (12.07 seconds) (67.76seconds)
Correction 735 3675 $141.13 38 hours N/A N/A

(3.84 cents) (37.22 seconds)
Linking 3400 17,000 $652.85 27 hours 6800 44 hours

(3.84 cents) (5.72 seconds) (23.29 seconds)
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Figure 7. The distribution of turkers' F-measure for medical named-entity task, correction task and linking task (X axis denotes F-measure, Y axis

indicates number of turkers).
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Table 4. Results of medical named entity annotation (the pre-determined threshold and its corresponding P2, Rb, and F for each column areitalicized).

Simple Trust Experience
Thd P R F Th P R F Th P R F
Medication name
020 0.694 0.931 0.796 0.18 0.835 0.887 0.860 0.18 0.807 0.895 0.849
0.40 0.864 0.879 0.871 0.24 0.864 0.879 0.871 0.24 0.869 0.874 0.872
0.60 0.920 0.815 0.865 0.30 0.869 0.874 0.871 0.30 0.885 0.854 0.870
0.80 0.955 0.696 0.805 0.36 0.916 0.819 0.865 0.36 0.910 0.820 0.863
M edication type
020 0431 0.879 0.579 0.18 0.632 0.781 0.699 0.18 0.583 0.800 0.675
0.40 0.698 0.763 0.729 0.24 0.698 0.763 0.729 0.24 0.711 0.751 0.731
0.60 0.831 0.598 0.696 0.30 0.709 0.745 0.727 0.30 0.756 0.703 0.729
0.80 0911 0.396 0.552 0.36 0.819 0.608 0.698 0.36 0.816 0.614 0.700
Bprecision
Precall
°F-measure
%hreshold
Reaiisof Correion Tac B et

The results of the correction task, its corresponding correction
baseline, and the results of combined judgments are presented
in Tables5 and 6, respectively. In the correction task, theturkers
and experts agreement F-measure of medication name and
medication type achieved 0.900 and 0.760 by simple vote,
respectively. With comparison to the F-measure of its
corresponding correction baseline, relative improvements of
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(After_Correction_F-measure Baseline_F-measure)/
Baseline_F-measure* 100) and 10.79% (n/N; medication type
nameBasdine F-measure= 0.686, After_Correction F-measure
0.760; computed by (After_Correction F-measure -
Baseline_F-measure)/ Baseline_F-measure* 100) were gained
(Tables 4 and 5).
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Table 5. Results of correction task with 200 units and 1000 judgments (the pre-determined threshold and its corresponding P?, Rb, and FC for each

column are italicized).

Simple Trust Experience
Thd P R F Th P R F Th P R F
M edication name
0.20 0.796 0.938 0.861 0.18 0.825 0.927 0.873 0.18 0.845 0.921 0.881
0.40 0.896 0.904 0.900 0.24 0.861 0.916 0.888 0.24 0.876 0.908 0.892
0.60 0.950 0.812 0.875 0.30 0.898 0.906 0.902 0.30 0.900 0.891 0.896
0.80 0.972 0.732 0.835 0.36 0.908 0.887 0.897 0.36 0.933 0.867 0.899
M edication type
0.20 0.610 0.916 0.733 0.18 0.655 0.892 0.755 0.18 0.662 0.872 0.752
0.40 0.732 0.790 0.760 0.24 0.691 0.843 0.759 0.24 0.703 0.817 0.756
0.60 0.851 0.541 0.661 0.30 0.736 0.792 0.763 0.30 0.756 0.773 0.764
0.80 0.945 0.382 0.544 0.36 0.776 0.744 0.760 0.36 0.783 0.684 0.730
Bprecision
Precall
®F-measure
%threshold

Table 6. Baseline Results of medical named entity annotation corresponding to the correction task (the pre-determined threshold and its corresponding
P2 R° and F° for each column are italicized).

Simple Trust Experience
Thd P R F Th P R F Th P R F
M edication name
0.20 0.712 0.934 0.808 0.18 0.839 0.891 0.864 0.18 0.774 0.908 0.835
0.40 0.868 0.887 0.877 0.24 0.868 0.887 0.877 0.24 0.872 0.887 0.879
0.60 0.909 0.788 0.844 0.30 0.870 0.887 0.878 0.30 0.881 0.876 0.879
0.80 0.956 0.655 0.778 0.36 0.899 0.803 0.848 0.36 0.894 0.809 0.849
M edication type
0.20 0.473 0.879 0.615 0.18 0.627 0.724 0.672 0.18 0.594 0.779 0.674
0.40 0.669 0.704 0.686 0.24 0.669 0.704 0.686 0.24 0.668 0.698 0.683
0.60 0.737 0.519 0.609 0.30 0.670 0.700 0.685 0.30 0.681 0.664 0.673
0.80 0.890 0.358 0.510 0.36 0.726 0.550 0.626 0.36 0.717 0.558 0.628
precision
Precall
°F-measure
%hreshold

Furthermore, we analyzed the practical significance of these
improvements by cal cul ating the F-measure of medication name
and medi cation type for each unique judgment (the total number
of unique judgmentswas 735) and its corresponding 5 correction
judgments. Based on empirical evidence acquired in previous
experiments, the F-measure was computed based on a ssimple
vote with the threshold of 0.4. The results are shown in Figure
6. Improvement was seen for 50.5% (370/735) and 44.1%
(324/735) of thejudgmentsfor medication name and medication
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type after theturkers’ correction, respectively. In contrast, 1.9%
(14/735) and 6.9% (51/735) judgments became worse.

Result of Linking Task

Table 7 showstheresults of the linking experiment. Non-expert
annotators (turkers) did an excellent job, in which the F-measure
achieved 0.962. Meanwhile, as previous results indicated, the
simple method could obtain very good results in case of strict
quality control.
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Table 7. Results of linking task (the pre-determined threshold and its corresponding P?, Rb, and F° for each column italicized).

Simple Trust Experience
The P R F Th P R F Th P R F
020 0845 0.984 0.910 018  0.927 0.982 0.954 018 0927 0.979 0.952
040 0949 0.975 0.962 024 0949 0.975 0.962 024 0950 0.974 0.962
060 0981 0.959 0.970 030 0949 0.975 0.962 030 0955 0.973 0.964
080  0.990 0.925 0.956 036 0975 0.967 0.971 036 0977 0.965 0.971

precision

Precall

°F-measure

%threshold

Results of Statistical Significance Analysis

For all theresults above, Chi-square statistical significancetests
were conducted between the corporacreated by Crowdflower’'s
and the gold-standard generated by thein-house annotators. The
P values (at P<.001) showed no dtatisticaly significant
difference between the best CrowdFlower generated corpora
and corresponding in-house generated gold-standard sets.

Discussion

Overview

To our knowledge, the medical named-entity annotation task
described in this work is the largest scale crowdsourcing
experiment in the clinical NLP research field. The results
demonstrated that crowdsourcing is a feasible solution for
creating agold standard for medical named-entities. Many works
were described in the introduction section, but only one
performed a similar medical named entity crowdsourced
annotation and is directly comparable to our current study. All
other works focused on different corpora and entity types and
cannot be compared directly with these works. We improved
upon the previously reported results on medical named entity
annotation task [21,22] with more than 27.9% of the F-measure
(F-measure_Current_Study = 0.87 vsF-measure_Earlier_Work
=0.68 for agreement between the crowdsourced and traditional ly
developed corpora; computed by (F-measure Current_Study
vsF-measure_Earlier_ Work)/ F-measure_Earlier_Work * 100)
for named-entity annotation. This experiment also showed that
the crowdsourcing performance for medication name annotations
is much better than those of medication type. Thisisasimilar
finding to the in-house results with trained, expert annotators.
We attribute this phenomenon to the clarity of the task for
medi cation name annotation. In other words, the definition and
the gold standard answers of medication names are easier to
understand and to capture than those of medication type. In the
future, we plan to use a more easily interpretable definition of
medication types to improve performance. We also plan to use
crowdsourcing to annotate attributes, such as date, dosage, as
listed in Table 1.

Based on our experiments, we found that it was easy to find a
large number of turkers by crowdsourcing. Around 10%
(156/1144, 86/678, 46/644 for medication name entity, linking
and correction tasks, respectively) of the turkers passed our

http://www.jmir.org/2013/4/e73/

quality control test (see Table 2). Among those turkers, around
10% (14/156, 11/86, 7/46) of them contributed over 50%
(10,521/17,000, 10,900/17,000, 1907/3675) of the jobs.

As shown in Table 4, the non-expert annotators performed at a
very high quality and the results indicated that the simple
method could obtain very good results, provided the quality
control is strict. In our previous work [29], we reported
inter-annotator agreement (IAA) F-measures for medication
names and medication types, 94.2% and 88.2% respectively.
Additionally, what could have conceivably been weeks' worth
of in-house annotation work was achieved in less than a day of
crowdsourcing effort.

Our previous study conducted experiments by implementing a
rule-based linking system [31]. The result (around 0.72
F-measure) showed that manual annotation isdefinitely needed
to develop an effectivetraining set for amachine learning-based
linking system. The presented linking experiment is the first
work known to us that attempted to link medications to their
corresponding attributes with crowdsourcing. The results
indicated that linking is not a difficult task and the data created
can be sufficiently applied to real applications. Based upon this
experiment, we plan to create a larger scale data set using
crowdsourcing and to apply it to clinical NLP tasks. We will
further evaluate the performance of linking by implementing
our linking strategy for other clinical named entities. Theresults
of the linking task are excellent, with a near 100% (N=3400)
agreement between crowd and traditionally developed corpora.

Asshown in Table 3, the linking task took much less time than
the other two tasks, most likely becausethe linking task ismuch
easier than the other two tasks. The time per judgment for
medical named entity annotation task is much less than that of
the correction task (12.07 vs 37.22 seconds respectively). The
reason isthat the medical named entity annotation task hasmore
participating turkers (156 vs 86). We can conclude that the
difficulty of tasks and the number of participating turkers
strongly affect the completion time of the tasks. In contrast to
traditional annotation, crowdsourcing achieved 55.5% time
(71/128 hours) and 75.0% cost ($1958/$2611) savings for
medical named entity annotation. For the linking task, 38.6%
time (17/44 hours) and 27.2% cost ($244/$897) savings were
seen when using crowdsourcing.
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To our knowledge, we were the first to conduct clinical NLP
correction experiments. Theresults of that experiment are quite
encouraging. Our correction F-measure was 0.90 (medication
names) and even the worst final F-measure improved by more
than 10% after the corresponding voting (medication types).
We believe that this experiment showed another feasible and
efficient way to improve the output of crowdsourcing. We
designed an efficient strategy to perform correction. Future
work will focus on determining the number of iterative cycles
to achieve the best results.

As was mentioned in the previous sections, creating a smaller
batch of gold standard data (in-house with expert annotators)
isacritically important step for crowdsourcing quality control.
This in-house gold standard can be used later to: (1) train
turkers, (2) perform quality control, and (3) determinethresholds
to aggregate judgments. In this study, we also modified the gold
standard management interfaces of CF to perform turker training
and quality control by setting gold standard answers. There is
room for further research in different methods to train turkers
and to experiment with quality control thresholds.

Finaly, 3 different voting methods were investigated to
aggregate judgments. The results showed that it isquite possible
to acquire a high-quality annotated corpus by implementing
simple voting under the condition of strict quality control. In
pilots, we experimented with different voting threshol ds. Lower
thresholds resulted in lower agreement of the turker-annotated
corpora with the gold standard corpora. Higher thresholds
prevented the successful completion of the task by eliminating
too many turkers. The thresholds used in the paper (eg, 2
judgments out of 5 or 0.4) were set empirically based on our
pilot experiments and earlier related work [32,33]. For the
judgment-based voting (eg, trust-based and experience-based
voting) more complicated voting methods could be implemented
and compared.

A potential limitation of this study was that, the proportion of
empty units in our experimental corpus was less (30%) than
that in the general population of CTA documents (42%). On
the other hand, our pilot experiments show that the proportion
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of empty unitsdid not influence the performance of the turkers.
A second potential limitation wasthat weincluded only 3 voting
methods among the tested voting schemas. We plan to address
thislimitation in our future works.

Conclusions

In this study, we evaluated the feasibility of crowdsourcing for
creating gold standard data for clinical NLP tasks. Although
direct comparison with all related work in the literature was not
possible because of corpora and entity type differences, by
implementing strict quality control for turker selection and by
continuously monitoring theturkers' performance, weimproved
upon the directly comparabl e resultsin the literature with more
than 27.9% for the named-entity annotation task. 3 major
experiments were conducted: (1) named-entity annotation, (2)
entity linking, and (3) annotation correction. In addition, 3
voting methods were studied. To our knowledge we were the
first to investigate the feasibility of crowdsourcing for clinical
named-entity annotation on alarge-scale corpus. Similarly, we
are not aware of a competing work in the clinical NLP domain
that proposed to use crowdsourcing to create an entity-linking
gold standard for information extraction, on our experiments
scale. Furthermore, we proposed asuccessful correction strategy
that applied crowdsourcing to crowdsourcing resultsto improve
the quality of the annotated corpus. We found that a
high-quality, clinical NL P gold standard data could be obtained
by a simple voting method, if a strict quality control is
implemented.

Based upon the results of our experiments, we conclude that
crowdsourcing is a feasible, inexpensive, fast, and practical
approach to annotate clinical text (when protected health
information is not included) on large scae for medical
named-entities. We believe that well-designed user interfaces
for entity annotation and linking were critical to the success of
this work. As a further contribution to the Web 2.0-based
crowdsourcing field, we publicly released the JavaScript and
CML infrastructure code that is necessary to utilize
CrowdFlower’s quality control and crowdsourcing interfaces
for named entity annotations [34].
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Abstract

Background: Adderall isthe most commonly abused prescription stimulant among college students. Social media provides a
real-time avenue for monitoring public health, specifically for this population.

Objective: Thisstudy explores discussion of Adderall on Twitter to identify variations in volume around college exam periods,
differences across sets of colleges and universities, and commonly mentioned side effects and co-ingested substances.

Methods: Public-facing Twitter status messages containing the term “Adderall” were monitored from November 2011 to May
2012. Tweets were examined for mention of side effects and other commonly abused substances. Tweets from likely students
containing GPS data were identified with clusters of nearby colleges and universities for regional comparison.

Results: 213,633 tweets from 132,099 unique user accounts mentioned “Adderall.” The number of Adderall tweets peaked
during traditional college and university final exam periods. Ratesof Adderall tweeterswere highest among college and university
clustersin the northeast and south regions of the United States. 27,473 (12.9%) mentioned an alternative motive (eg, study aid)
in the same tweet. The most common substances mentioned with Adderall were alcohol (4.8%) and stimulants (4.7%), and the
most common side effects were sleep deprivation (5.0%) and loss of appetite (2.6%).

Conclusions:  Twitter posts confirm the use of Adderall as a study aid among college students. Adderall discussions through
social media such as Twitter may contribute to normative behavior regarding its abuse.

(J Med Internet Res 2013;15(4):€62) doi:10.2196/jmir.2503

KEYWORDS
Adderall; Twitter; social media; prescription drug abuse

year [6]. Given high academic expectations and competition in
college settings, some students turn to prescription stimulants

The mixed salt amphetamine Adderall, commonly prescribed !ike Adderall as a study aid to improve concent_ration and
as a trestment of Attention Deficit Hyperactivity Disorder ncrease mental alertness [7-9]. Rates of nonmedical use or
(ADHD), isthe most commonly abused prescription stimulant  @use of ADHD drugs tend to be higher &t colleges and
among college students [1]. Colleges, as well as medical and  Universities where admission standards are higher [10]. A
dental schools, report abuse rates of stimulant ADHD contributing factor to abuse of ADHD drugs is attention
medications[2,3] ranging from alow of 8.1%to ahigh of 43%  difficulties and the notion that these drugs can help with
[4,5]. According to the National Survey on Drug Use and Health, academic success [11]. DeSantis confirmed this finding and
6.4% of college students aged 18-22 abused Adderall in the past
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reported a higher tendency toward abuse among fraternity
members during periods of high academic stress[12].

Other studies have affirmed racial and gender discrepanciesin
stimulant drug abuse as well as a correlation between
prescription drug abuse and other illicit drug use among college
students[4,7,12,13]. Nonacademic motivations are also common
and include, but are not limited to, counteracting the effects of
other drugs, feeling a high, or as an appetite suppressor [7] as
well as self-diagnosis of ADHD [11,14]. A contributing factor
for illicit drug abuse and prescription stimulant abuse among
college students is the misperception that the vast majority of
their peers use drugs [15,16]. Elevated misperceptions about
the prevalence of drug use among peers are attributed to the
traditional media's (eg, popular television depictions of college
studentsusing Adderall to gain academic advantages) portrayal
of abuse. Misperception of redlity is believed to be a leading
contributor to increased levels of acceptance of abusive drug
behavior, community norms for abuse, and higher levels of
abuse[16]. Additional misperceptions such asthelack of danger
of abusing prescription stimulants have also been found to
contribute to justifications for illicit use [12].

Social media provides arelatively new and untapped resource
for monitoring and understanding public health problems. As
asurveillancetool, real-time data obtained through social media
can be collected and analyzed quicker than traditional public
health assessment tools such as questionnaires. In addition,
research using social media provides an avenue for observing
discussion between peoplein their natural interactionswith one
another, eliminating the Hawthorne Effect, where the presence
of the researchersbiasesthe response. Likewise, because people
make statements as they occur, memory recall biases common
with cross-sectional surveysor questionnaires are reduced. With
the expansion of the Internet and social media, new fields of
study such as infodemiology and infoveillance have emerged
and represent “the science of distribution and determinants of
information in an electronic medium, specifically the Internet,
or in apopulation, with the ultimate aim to inform public health

and public policy” (page 3) [17].

Studies have demonstrated the utility of online information for
understanding public health problems and their determinants.
Using information obtained on trends in Internet searches,
researchers have predicted outbreaks of influenza [18-20],
listeriosisfrom contaminated foods[21], and gastroenteritisand
chickenpox [22]. Thefeasibility of using onlineinformation for
epidemiological intelligence purposes hasled to the creation of
proprietary systems such as Google Flu Trends, which is an
online search query system that has demonstrated the ability to
track regional outbreaks of influenza 7-10 days in advance of
conventional Centersfor Disease Control and Prevention (CDC)
mechanisms for reporting [23]. In addition, Heathmap
represents a public system for aggregating large amounts of
online information (eg, news sources) for the purpose of
monitoring global disease activity [24].

Recognizing the wealth of user-generated information produced
by people through their participation with socia media,
researchers have begun tapping or mining this information to
better understand health outcomes and even health behavior.

http://www.jmir.org/2013/4/e62/
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For example, Corley, Cook, Mikler, and Singh [25] mined text
datain the blogospherefor “influenza’ and “flu.” Their findings
revealed trends in posts about the flu that were consistent with
CDC report data. Several studies mined YouTube content for
information relative to immunizations [26], HIN1 influenza
pandemic [27], smoking cessation [28], cardiopulmonary
resuscitation [29], kidney stones[30], and prostate cancer [31].
To date, no identified study has analyzed user-generated content
in social mediato describe the nonmedical use of Adderall.

The purpose of this study was to leverage the power of socia
media (ie, Twitter) to better understand Adderall abuse as a
study aid among college and university students. More
specifically, the following research questions were examined:
(1) When do Twitter userstypically tweet about Adderall?, (2)
To what extent do tweets about Adderall abuse differ among
various college and university clusters in the United States?,
(3) What, if any, substances do Twitter users tweet about
commonly abusing in combination with Adderall?, and (4) What
common side effects are mentioned? Twitter was selected as
the social media application for data collection because of its
appeal with young adults including the ubiquitous research
design advantages identified above. Twenty-six percent of all
Internet usersage 18-29 and 31% of al Internet usersage 18-24
are also Twitter users [32]. Finaly, using Twitter as a data
source affords the ability to observe nationwide (and even
international) behaviors simultaneously, as opposed to arbitrarily
restricting astudy to only afew regions. The use of social media
data, in particular tweets, remains largely a novel concept for
public health researchers. Questions surrounding the validity
and utility of the data exist. Furthermore, little is known about
the extent to which Twitter users might actually tweet about
potentially sensitive health topics, such as Adderall abuse.
Studies like the current one contribute to a type of validity
testing process whereby researchers can determine the extent
to which trends in Twitter content coincide with documented
patterns of behavior.

Methods

Procedures

Twitter isapopular online social mediawebsite in which users
post status updates, or “tweets” that are limited to 140
characters. Public tweets are available and given without
expectation of privacy. In addition, Twitter provides an
Application Programing Interface (API), enabling programmeatic
consumption of the data. Specifically, the Twitter streaming
APl supplies tweets in real-time matching any given filter
criteria. For example, using the keyword filter of “Adderall,”
all tweets mentioning the substance are collected.

In addition to the content of tweets, many users also provide
location indicators [33]. Specifically in Twitter, users can
potentially supply exact global positioning system (GPS)
coordinates (eg, from a smart phone or other GPS-enabled
device) or a GPS specified place (such as a neighborhood or
city). Note that users providing only state or country level GPS
were not included. Furthermore, tweets were excluded if they
did not originate in the United States, based on GPS location.
This GPS data can be used to associate a twitter user with a
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nearby college/university. However, because many college
campuses are within close geographic proximity, Twitter users
may not necessarily have association with the campusto which
they are physically nearest. Because of this proximity issue,
rather than try to determine which of two nearby colleges should
be used, the colleges were instead grouped into a cluster and
treated asasingle entity. Colleges and university with a student
population of 10,000 or more wereidentified using the National
Center for Education Statistics database. Clusters were
determined using hierarchical agglomerative clustering (HAC)
[34,35] with complete linkage with a cutoff distance of 150
miles. HAC produces a dendrogram of the complete sequence
of nested clusterings, asfollows. HAC starts by assigning each
college to its own cluster. Then, the two closest clusters are
merged into asingle new cluster. This pairwise merging process
is repeated until a single cluster containing all of the colleges
isobtained. Although we have adistance defined over colleges,
HAC also needs a distance over clusters. Severa distance
measures may be considered, the most common of which are
complete linkage, which uses the maximum distance between
all pairs of objects across clusters, single linkage, which takes
the minimum distance, and average linkage, which computes
the average of all intercluster distances. We chose complete
linkage here as it tends to create more compact, clique-like
clusters [36]. Given the fully nested sequence of clusterings,
the choice of a specific final grouping is typically made by
selecting a level at which to cut through the dendrogram, and
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defining the clusters as the groups of elements hanging from
the subtrees whose top branches intersect with the horizontal
line corresponding to the chosen level. Our cut point of 150
miles means that pairs of colleges in a cluster were no more
than 150 miles apart.

The student body population of a cluster was determined by
summing the popul ations of each included college. Twitter users
are then associated with the nearest college cluster if a college
in that cluster iswithin 100 miles of the user’s GPS location.

M easures

Keywords related to co-ingestion with other drugs, alternative
motives, and possible side effects are shown in Table 1. A
case-insensitive compari son was performed to count the number
of tweets containing the keywords specified. Where multiple
words are given as a single term, it was considered an exact
phrase.

Data Analysis

After the tweets were obtained from the Twitter API, the data
were imported to Microsoft Excel spreadsheets and then into
SPSSversion 20 for analysis. Frequencies, percentages, means,
medians, and standard deviations were used to describe the
Adderall abuse. ArcGIS 10 was used to create maps of ratesfor
GPS Adderall tweeters.

The Ingtitutional Review Board (IRB) a Brigham Young
University approved this study.
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Table 1. Search terms for alternative motive, co-ingestion, and side effects.

Hanson et d

Topic Subtopic Search Terms
Alternative Motive (study aid) test, final, finals® study? studi® college, class, midterm, exam,
homework, paper, essay, project, school, cram?, quiz, assignment,
al-night?, alnight?
Co-ingestion
Alcohol -related alcohol, wine, vodka, shots, patron, booz®, margarita, mimosa,
beer, drink? bud
Stimulants coffee, caffeine, red bull, monster, no dose, no doze, 5 hour energy,
five hour energy, rockstar
Cocaine-related cocaine, coke, crack, rock, freebase
Marijuana marijuana, MJ, pot, weed, grass, reefer, Mary Jane
Anti-anxiety xanax, tranquilizer, valium, beanies, ativan, benzo®
Meth-related crystal, meth, methamphetamine, amphetamine
Side Effects
Sleep deprivation tired, awake, sleep?, dept, insomnia, restless, asleep, trouble
sleeping,
Anxiety anxiety, anxious, antsy, jitter?, shak? nerv?, nervous, uneas?
worry, tense, tension, dread, restless?
Teeth grinding teeth, tooth, grind® file, grat®, grit® clench? grit®, gnash?, scrap?
Diarrhea diarrhea, diarrea, diarhea, the runs, squirts
Weskness weak®, feeble, puny, scrawny
Dizziness dizz%, faint, wobbly, shaky, lightheaded, light-headed, woozy,
dazed
Headache headache, migraine, migrain, migrane
Swesting sweat®, perspir?, drip?
Natisea/vomiting nausea, vomit? throw up, stomach pain, stomach ache, upset

Loss of appetite

Obsessive compulsive behavior

stomach, puke, barf, heave

hungry, food, eat?, ate, weight, appetite, meal, thin, skinny, starv®
slim?, slender

can't stop, clean?, brush? teeth, wash? hands, nails, nail-hiting

a A wildcard matching zero or more additional letters.

Results

Using the Twitter Streaming APl with the keyword filter
“Adderall,” al tweets mentioning Adderall for the dates of
November 29, 2011, to May 31, 2012, were collected. There
were 14,282 tweets from users whose screen-names included
“Adderal” or “pharm” that were removed from the sample
because they were not representative of typical users, but rather
those that were pushing or promoting Adderall or other
pharmaceuticals. The resulting sample consisted of 213,633
tweets mentioning the term Adderall, from 132,099 unique user
accounts.

The vast majority of tweets discussed Adderall usein ajoking,
sarcastic, or casual manner. Observed tweetsincluded (original
spelling and punctuation preserved): “I need adderall. Can't
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focus on studying or finishing these reviews’, “this whole no
adderall for the past 3 days is really getting to me
#StilIDoingWork #DontKnoHowTho”, “Does anyone have
adderall ? #desperate”, “adderall + school = winning”, “wish i
had adderall to get my room cleaned faster”, “Adderall stockpile
for finas’, “We would all graduate with a 4.0 if adderall was
sold over the counter”, “ Running on coffeeand Adderall”, “yay
for adderall-induced optimism #givemeaprescription”, and
“Adderall, Coffee, Red Bull. Epic focus. Or a heart attack.”
Notethat words beginning with “#’ are hashtags, or user-defined
topics that are often used in Twitter as a means of
self-classification.

Table 2 lists the number of tweets matching each of the
categories defined in Table 1. It should be noted that the results
shown in Table 2 capture words that occur in the same tweet as
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the term Adderall. In this sense, they may be a conservative
underestimate of actual events becauseit is possible that a user
may tweet about Adderall but mention a side effect, motive, or
another substance in another tweet. Because subtopics are not
mutually exclusive, some tweets match multiple subtopics and
are counted for each. Thus, the total number of unique tweets
for atopic is not a sum of the subtopic values.

Adderall Use by Hour, Day, and Week

Figure 1 illustrates the average number of Adderall-related
tweets per day of theweek, over the course of the study. Tweets
tend to peak on Wednesday and reach a low on Saturday. As
shownin Figure 2, the number of Adderall tweets per day varied
significantly throughout the year, with consistently more tweets
on the weekdays than the weekends. Large spikes in Twitter
conversations were observed during the months of December

Table 2. Frequency distribution of Adderall tweets for search terms.

Hanson et d

and May—during traditional final exam times. The one-way
ANOVA results indicate a significant difference between
Adderall mentions between weeks (P<.001). Tweets regarding
Adderall peaked December 13th at 2813 and April 30th at 2207
and dropped to alow of 292 on December 25th and 440 on May
27th. Over the course of 6 months while data were collected,
the mean number of Adderall tweets per day was 930 with a
median of 855. The large spike on May 30-31 was attributed to
a US Food and Drug Administration news release warning
consumers of counterfeit versions of Adderall being sold onthe
Internet in response to its' being on the FDA's drug shortage
list [37]. ThisFDA newsrelease was reported by news agencies,
and linksto the subsequent storieswere tweeted by many users.
The 10 days in the middle of April when no tweets were
observed isthe result of afailure of the investigators' servers.

Topic Subtopic n %
Alternative Motive (study aid) 27,473 12.9
Co-ingestion
Alcohol-related 10,229 4.8
Stimulants 10,043 4.7
Cocaine-related 1993 0.9
Marijuana 1696 0.8
Anti-anxiety 881 04
Meth-related 788 0.4
Total Unique Co-ingestion Tweets 24,167 11.3
Side Effects
Sleep Deprivation 10,687 5.0
Anxiety 1204 0.6
Teeth Grinding 605 0.3
Diarrhea 11 0.01
Wesakness 140 0.07
Dizziness 77 0.04
Headache 223 0.1
Sweating 381 0.2
Nausea/vomiting 154 0.07
Loss of Appetite 5562 26
Obsessive Compulsive Behavior 1937 0.9
Total Unique Side Effect Tweets 19,539 9.1
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Figure 1. Adderall-related tweets by day of the week.
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Figure 2. Distribution of Adderall-related tweets over 6 months.
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. . misuse among college-age students. To focus the analysis on
College and University Clusters college-age students, Adderall tweetswere analyzed in clusters
Of the 213,633 tweets referencing Adderall, 27,473 (12.9%)  of colleges and universities that were within 150 miles of each
also included reference to an aternative motive for use (eg, other. A total of 586 colleges and universities in the United
finals, studying, project, all-nighter), as shown in Table 2.  Stateswereidentified with astudent body population of at least
Several of these alternative motives seem to be indicative of  10,000. Colleges and universitieswithin 150 miles of each other
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resulted in a total of 87 clusters ranging in size from 1 to 48
colleges and universities in each cluster. The mean size of
student-body population per cluster was 131,562, and the median
was 93,281.

Of the 132,099 unique users in the sample, 3698 (2.8%)
provided GPS data. In order to restrict this set of GPS-enabled
users to include only those users who are likely to be students,
we obtained the 3200 most recent tweets (the maximum
provided by Twitter) from each user with GPS data and searched
these tweets for the following student-related terms:
“homework”, “teacher”, “professor”, “class’, “fina”, “test”,
“exam”, and “study.” Of the 3698 users with GPS information,
2335 (60.7%) included one of these student-related terms in
their tweets and are referred to as GPS Adderall Tweeters.

Hanson et d

Figure 3 illustrates the 150-mile college clusters in the
contiguous 48 states of the United States according to the rate
of GPS Adderall Tweeters per 100,000 students, where the
center of the circleisthe average of thelocations of the colleges
in the cluster, and the size of the circle corresponds to the rate.
Table 3 lists the ten clusters with the highest rates, and Table 4
liststheten clusterswith the lowest rates. Cluster identifications
(ID) represent the state(s) to which the mgority of collegesand
universitiesin the cluster belong. As shown in these tables, the
amount of GPS Adderall Tweeters per 100,000 students ranges
from a high of 66.4 in the Vermont cluster and 54.6 in the
Massachusetts cluster to alow of 1.4 in the South-Eastern Texas
cluster and 2.1 in the Central Illinois cluster. Rates reveal a
greater rate of GPS Adderall Tweeter in the northeast and south
regions of the United States.

Table 3. Top 10 rates of Adderall tweets for 150-mile college and university clustersin the United States.

GPS Adderall Total Cluster Popu-  Number in the
Rank  ID? Rate Tweeters lation Cluster
1 Vermont 66.4 9 13,554 1
2 Massachusetts 54.6 162 296,704 16
3 Alabama 52.2 38 72,748 3
4 South Carolina, Southern Georgia 48.8 57 116,891 6
5 Central Georgia 442 52 117,765 6
6 North Georgia, Southern South Carolina 44.0 36 81,773 4
7 Northern Florida 44.0 18 40,921 3
8 Southern Pennsylvania, Northern West Virginia 429 43 100,336 5
9 Ohio 373 54 144,659 7
10 Western North Carolina, Eastern Tennessee 37.0 41 110,718 6
8D represents the state(s) to which the majority of colleges and universitiesin the cluster belong.
Table 4. Bottom 10 rates of Adderall tweets for 150-mile college and university clustersin the United States.
GPS Adderall Tota Cluster Popula=  Number in the
Rank ID? Rate Tweeters tion Cluster
77 Central Texas 58 3 52,076 3
78 Alaska 55 1 18,154 1
79 Southern California 55 55 1,008,210 48
80 Puerto Rico 50 3 60,579 4
81 Northern Nevada 45 3 66,242 4
82 New Mexico 39 3 77,236 3
83 Northern Utah, Southern Idaho 3.6 1 27,476 1
84 Northern California 35 4 115,026 7
85 Central Illinois 21 1 46,797 3
86 South-Eastern Texas 14 1 69,949 3

8|D represents the state(s) to which the majority of colleges and universitiesin the cluster belong.

http://www.jmir.org/2013/4/e62/

JMed Internet Res 2013 | vol. 15 | iss. 4 |62 | p.122
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Hanson et d

Figure 3. Rates of Adderall tweets by 150 mile college clustersin the United States (rate per 100,000 students).
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Co-ingestion and Side Effects

A total of 19,125 (8.9%) tweets also mentioned another
substance along with Adderall in their tweet (see Table 2).
Analysis revealed that the most common substance terms were
alcohol-related (4.8%, n=10,229) and stimulants, such as coffee
or Red Bull (4.7%, n=10,043). Other substances were
cocaine-related (0.9%, n=1993), marijuana (0.8%, n=1696),
methamphetamine-related (0.4%, n=788), and depressants, such
as Xanax and painkillers (0.3%, n=728).

Sleep deprivation (5.0%, n=10,687) and |loss of appetite (2.6%,
n=5562) were the most common side effects associated with
Adderall tweets (see Table 2). Diarrhea (0.01%) was the least
common side effect mentioned followed by weakness (0.01%,
n=140) and nausea/vomiting (0.07%, n=154).

Discussion

This study demonstrated the use of Twitter posts (ie, tweets) as
away to examine Adderall abuse among a sample of college
studentsin the United States. More specifically, the study sought
to determine: (1) When do Twitter users typically tweet about
Adderall?, (2) To what extent do tweets about Adderall abuse
differ among various college clustersin the United States?, (3)
What, if any, substances do Twitter userstweet about commonly

http://www.jmir.org/2013/4/e62/
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abusing in combination with Adderall?, and (4) What common
side effects are mentioned?

Findings indicate that Twitter posts regarding Adderall vary
across day of the week and week of the month. Consistent with
traditional college final exams schedules, tweets regarding
Adderall peaked during December and May. Similarly, tweets
regarding Adderall peaked during the middle of the academic
week and declined to fewer mentions over the weekend. These
findings are consistent with previous research that has suggested
that college students who abuse prescription ADHD stimulants
do so primarily during times of high academic stress [12]. In
addition, preexisting attention difficulties have been shown to
be a predictor of nonmedical use of prescription ADHD
medication in order for college students to experience greater
academic success [11].

Grouping collegeswithin 150-mile clusters ultimately provided
a mechanism for comparing geographic regions within the
United States. Analysis of these college clusters revealed a
concentration of GPS Adderall tweeters along the northeastern
portion of the United States and in some of the southern states.
Therates of GPS Adderall twitters per 100,000 studentsin the
east and south clearly indicated greater Twitter conversations
related to the use and abuse of Adderall. These findings are
consistent with previous studies that examined the nonmedical
use of prescription stimulants. McCabe [4] observed
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geographical patterns of nonmedical use of prescription
stimulants with higher rates of use among college students in
the north-eastern region of the country. Additionaly, these
findings are consistent with the Monitoring the Future study
where higher rates of nonmedical methylphenidate use were
found among college-age young adultsin the northeastern region
of the United States [38]. Other studies at select collegesin the
east have shown high rates of nonmedical use of prescription
stimulants[8,9].

Additional research is needed to better understand the reasons
for geographical variations in use. One possible explanation
includes the fact that the U.S. fraternity/sorority system has
deep historical roots at northeastern colleges and universities,
and prevalence of nonmedical use of prescription stimulantsis
higher among fraternity/sorority members[4]. Future research
might explore the link between nonmedical use of prescription
stimulants and the geographical distribution of colleges and
universities and their admission standards, student/family
income, as well as the distribution of prescription drug
monitoring program in the United States. Research has
associated nonmedical use of prescription stimulants with
competitive admission standards [4] and students coming from
families with higher incomes [39].

Geographical findings can provide practitioners with evidence
necessary for prioritizing intervention resources for targeting
priority populations. This study has demonstrated how grouping
can occur; however, and more importantly, it provides a social
media solution for segmenting a broader population into more
meaningful and manageable groups for intervention purposes.
Colleges can be clustered in numerous different ways as needed
and defined by researchers.

Because social mediaiis, by its very nature, a social endeavor,
the users’ postings can have a great impact on the social norms
of others. This is particularly relevant in the context of drug
abuse, where drug abuse behavior can be represented. Social
norms theory suggests that individual behavior (eg, drug use)
isinfluenced by individual perceptions of what is perceived as
“normal” or “typical.” Thistheory isrooted in Social Cognitive
Theory [40] aswell asthe Theory of Planned Behavior [41]. In
thislight, the datathat 8.9% of Adderall tweets mention another
substance in the same tweet is significant because it may
influence others to think that co-ingestion is normal and not
dangerous. Thisis particularly troubling because it is through
poly drug use or co-ingestion that morbidity and mortality risk
increases. Poly drug use occurs among college Adderall abusers
and combining Adderall with other stimulants like cocaine
increasesrisk of heart attack and stroke[6]. Also in thisregard,
even tweets that are sarcastic, joking, or smply restating song
lyrics, are relevant in their misrepresentations because of their
impact on social norms.

Nearly 1in 10 tweetsincluded in this sample referenced aside
effect of Adderall use/abuse. Effectsrelativeto sleep deprivation
and loss of appetite were discussed the most. Whereas more
tweeters discussed an alternative motive for use (ie, study aid),
individual tweeter perception of the benefits of Adderall use
(eg, study aid) may outweigh the costs of use (eg, side effect
such as irritability). Future research might further explore
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individual perceptions of Adderall side effects among college
students to gain a better understanding of why some college
students abuse, while others do not.

Limitations

These findings should be interpreted based on the following
limitations. First, not every Adderall tweet is related to actual
use. For example, we observed song lyrics that impact these
counts, such as the two often quoted lines “ College hoes love
alcohol and popping adderall” and “I’ve been up for 3 days...
adderall and redbull.” In our sample, there were 4275 tweets
that have the words “college hoes love” and 894 that have the
words “been up for three/3 days’. These numberslikely inflate
the number of matches for “college’, “acohol”, and “redbull”
above the number of peopl e tweeting about actually using these
substances. However, as discussed, even sarcastic mentions, or
the quotation of song lyrics, are pertinent because of theimpact
they may have on socia norms. Second, our study did not
consider misspellings of the word “Adderall” or other ADHD
medications, such as Ritalin. While our sample would have
been increased by these inclusions, it is not likely that their
absence resulted in any particular sampling bias. Third, our
analysisfocused exclusively on public twests. It isunclear, and
indeed difficult to assess, what the impact of other tweets (eg,
direct messages) may have on our results. Fourth, our analysis
focused only on colleges and universities with a student
population of 10,000 or more. No attempt was made to designate
whether the colleges and universities in this sample were on a
quarter or semester system. Finally, the keyword approach to
identifying college students may have included other students
(eg, high school) or others that simply mentioned
academic-related terms. While these additional users could
inflate our overall values, we have no reason to believe they
would be substantially biased toward different areas of the
nation.

Conclusions

The twitter-based surveillance methodology in this study
produced similar findings to traditional survey designs. In
response to the noted research questions, Twitter postsregarding
Adderall vary across day of the week and week of the month
among users. Consistent with college traditional final exams
schedules, tweets regarding Adderall peaked during December
and May. Similarly, tweets regarding Adderall peaked during
themiddle of the academic week and declined to fewer mentions
over the weekend, which suggests that college students who
abuse prescription ADHD stimulants do so primarily during
times of high academic stress.

Additionally, tweets about Adderall abuse differ among various
college clusters in the United States. Using 150-mile college
clusters, regional comparisonsidentified aconcentration of GPS
Adderall tweeters along the northeastern portion of the United
States and in some of the southern states, and thus indicate
greater Twitter conversations related to the use and abuse of
Adderall. Further, co-ingestion of other substances, notably
alcohol, stimulants (such as coffee or Red Bull), cocaine-rel ated,
marijuana, methamphetamine-related, and depressants, (such
as Xanax and painkillers) are the substances most commonly
mentioned with Adderall. Such poly drug use or co-ingestion
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is known to increase morbidity and mortality risk. Finally, the
most common side effects associated with Adderall tweets
include sleep deprivation and loss of appetite. Thus, Adderall
abuse is associated with college or university life. Given the
risks and trends for Adderall acceptance among college-age
students, there is a need to renew interest and priorities to

Hanson et d

influence college campus norms, promote the safe and legal use
of these substances, and promote stronger student wellbeing
and study habits to better manage the academic demands and
pressures that are typical on college campuses in the United
States.
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Abstract

Background: The integrity of behavioral intervention trials depends on consistent intervention delivery, and uniform,
comprehensive process data collection. It can be challenging in practice due to complex human interactions involved.

Objective: We sought to design a system to support the fidelity of intervention delivery and efficient capture of qualitative and
guantitative process data for a telephone-delivered behavioral counseling intervention to increase physical activity and function
after total knee replacement surgery.

Methods: A tailored system was designed to prompt the intervention coach in the delivery of a5 step counseling protocol to
support intervention fidelity across patients. System features included structured data components, automated data exchange
functions, user-friendly data capture screens, and real-time surveillance reporting. The system structured the capture of patient
goals and open-ended conversation.

Results: The system recorded intervention process data from each of 12 sessions held with the 92 intervention patients. During
the trial, 992 telephone sessions were conducted, and more than 97% (4816/4960) of intervention process data fields were
completed in the system. The coach spent 5-10 minutes preparing for each counseling call using system-generated summaries of
historical data and 10-15 minutes entering intervention process data following each telephone session.

Conclusions:  This intervention delivery system successfully supported the delivery of a structured behavioral counseling
intervention and collection of intervention process data. It addressed the unique needs of clinical behavioral intervention trials,
and had promising potential to facilitate high-fidelity translation of the intervention to broad clinical practice and Web-based
multicenter clinical trialsin the future.

(J Med Internet Res 2013;15(4):€58) doi:10.2196/jmir.2375

KEYWORDS
structured behavioral intervention; intervention fidelity; clinical translational research; intervention delivery support system

systems can increase data collection efficiency, improve
recording reliability and accuracy, and reduce medical costs,

Clinical settingsare transitioning to computerized systemsfrom  théréby having potential to promote quality of care and

traditional pen-and-paper methods to structure data collection ~ €vidence-based medicine [1-3]. These systems have been
and enhance data access and retrieval. Electronic data capture  developed for, and applied to, awide range of clinical fields to
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enhance accessto the information through Web communication
[4-6].

Behavioral intervention studies require consistent intervention
delivery and methods to capture process data. Process data is
the sum of data collected to document the implementation of
intervention and processes used in modeling the intervention
process. With regard to behavioral interventions, telephone is
a common delivery method that allows researchers to reach a
larger population than face-to-face sessions while supporting
one-to-one relationships and complete data capture.
Telephone-based counseling interventions have been
successfully used to promote behavior change, such asincreased
physical activity, weight management, and smoking cessation,
and to improve palliative care in advanced cancer patients
[7-11]. Of note, telephone is still the preferred technology for
interventions within the elderly population, compared with
Internet and computers [12,13]. Historically, telephone
interventions were accomplished by training, ongoing
supervision of the interventionist, and use of comprehensive
datacollection forms. This processwas usually labor-intensive,
time-consuming, and possibly data-redundant.
Computer-assisted telephone interviewing (CATI) can deliver
health behavior surveys and patient counseling [14,15] through
pre-defined scripts, with branching logic to anticipate varied
participant responses, or through pre-recorded telephone
surveys. CATI can facilitate structured data collection and direct
computer entry, but itismainly used for collecting short, closed
response data and prevents the interventionist from addressing
open-ended topics[16]. Capturing intervention process datain
practice is often challenging due to the complex human
interactions involved (eg, a tailored counseling to help an
individual set personal goals and strategies based on his specific
motivations and problems). Therefore we aimed to design a
“semi-structured” information system that consistently delivers
a counseling intervention while simultaneously collecting
complete process data; we achieved this by collecting both
guantitative and qualitative study data on all participant
interviewswhile supporting arange of open responses. Internet
deployment of the system supports consistent interventions
across geographic settings, and can facilitate multicenter
behavioral intervention trials.

Recent telephone intervention studies have focused on the
effectiveness of the systems, but very few have reported the
design of systems that effectively capture telephone
conversations. Most intervention data capture systems are
viewed as electronic tools for data collection and storage, and
do not consider efficient datarecording and counseling fidelity.
The latter is a particularly significant issue for behaviora
interventions that are centered on participant adherence and
adoption to specific behaviors [17]. The published literature
lack empiric information to guide the design and development
of thiskind of system. Well-designed user-centered screensare
needed that parallel the counseling interaction and structure to
capture process datathat will inform future counseling sessions.
The system should be easy to learn, increase user productivity,
decrease user errors, and not interfere with the counseling
exchange[18]. User-centered intervention support systems have
the potential to enhance the consistent delivery of research
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interventions and facilitate the trandlation of research
interventionsto clinical practice at study completion.

In this paper, we present the design and implementation of a
system to support a behavioral counseling intervention and to
collect process data to broadly support intervention delivery
and evaluation. We present a general-purpose template for
software to support behavioral interventions to facilitate
translation of successful interventionsto broad clinical settings
and Web-based multicenter clinical trials.

Methods

Study Overview

The Joint Action Study wasaNational Institute of Health (NIH)
funded randomized clinical trial (RCT) to test a self-care support
intervention that aimed to increase activity and physical function
among patients with advanced knee arthritis after total knee
replacement (TKR) surgery. The surgeon-blinded RCT allocated
astratified random sample of TKR patients to one of two study
conditions: behavioral intervention versus control. The control
group received usual peri-operative care, including written
educational information to guide rehabilitation exercises.
Patients assigned to the intervention group received a newly
designed tel ephone-delivered behavioral counseling intervention
which was implemented by atrained coach and complemented
with a website and written materials to distribute patient
education components. Theintervention used the 5A framework,
namely discussion of the patient's Agenda for the session,
Assessment of progress and goal achievement, delivery of brief
personalized Advice, Assistance with goal setting, problem
solving and action planning, and Arrangements for follow up.
A total of 12 intervention sessions were delivered: 3 prior to
surgery, 1 call the evening before surgery, ahospital visit at 2-3
days after surgery, and 7 additional sessions post-discharge
between weeks 2 and 9 post-surgery over aperiod of 10 weeks.
All participants completed assessments before TKR, and at 8
weeks, 6 months, and 12 months after TKR. The details on the
theoretical rationale and design of thisrandomized clinical trial
can be found in our published article [19].

To support the successful conduct and analysis of thisRCT, the
system design explicitly considered the continuum of study
procedures, including patient enrollment, counseling intervention
delivery, process data collection and management, statistical
evaluation, and future tranglation to multisite clinical practice.
Content experts, including the study behavioral psychologist,
physical therapist, intervention coach, study recruiter, and
biostatistician, were actively involved in the system design to
assure that the system served each aspect of the study from
patient recruitment and enrollment through data analytics, in
an effort to enhance the functionality and efficiency of the
system. Enrollment and follow up for control participants was
also captured in this single system but is not the focus of this

paper.

We devel oped thisintervention support system using Microsoft
Access 2007, and designed the functionality under the Visual
Basic for Applications (VBA) development environment, to
store and administer the collected intervention process data.
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Research Intervention and Process Data Collection

Each of the 12 counseling sessions had a dedicated screen to
structurethe call and present and capture rel evant data. The data
organization for each intervention session paraleled the 5
counseling components according to the 5As described above,
and the components defined the data capture sequence during
each session. At each of the study intervention calls, the coach
systematically recorded process data (ie, call status, patients
short and long-term goals, challengesto activity, strengths and
resources, and action plans at each session) in structured
domains. These data were carried forward and displayed on
screens for subsequent calls to assure prompt access for
reference by the coach. The system prompted the coach to mail
relevant intervention educational information based on the
patient’s stage in recovery and topics discussed. Finaly, the
system captured open-ended patient goals, barriers to physical
activity adherence, and key patient-reported concerns or
SUCCESSES.

Process Data Structure Design

I ntervention Session Structure

Theintervention process data structurewas designed to logically
connect relational tracking data and transfer corresponding
results across the telephone sessions over time. We organized
each display screen to replicate the specific order of process
data collection during the counseling session. Figure 1
summarizes the detailed structure of the intervention (orange
boxes) as captured in the system. First, the intervention coach
reviewed any items the patient would like to discuss during the
call (patient’s “Agenda’). In the “Assess’ portion of the initial
patient session, motivations, knowledge of the TKR procedure
and subsequent recovery process, outcome expectations, and
history of knee problemswere captured. In the subsequent calls,
the coach and patient assessed progress toward achieving
post-operative rehabilitation goals established at the prior
session; concrete accomplishmentswere documented. Next, the
coach responded to patient’s questions, to “Advise” on specific
behaviorsthat supported progresstoward functional goals. Free
text was an option to document these details. Fourth, new goals
were established, both short- and long-term, potential challenges
identified, and problem-solving strategies were used, which
culminated in an action plan. The coach guided the patient to
obtain phase-specific information through an educational
website specially designed for this study and other online
sources, and selected tailored items from a “ Toolkit” of print
materias, that either addressed particular questions and concerns
of the patient, or supported his or her goals, and mailed them
to the patient. The system tracked which Toolkit materialswere
delivered to each patient at which session. Finally, the coach
and the patient scheduled a date and time for the next
intervention call that was documented in the “Arrange” section
of the system. The documentation for each of the 5 components
of the call was captured on a separate page that was navigated
with the use of tabs at the top of the screen. Guided by the
system, intervention fidelity across counselors was assured by
consistent movement across the 5 counseling phases while
allowing open-ended, relationship-based conversations.
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Two additional tabs per counseling session included (1) call
records, and (2) the coach’'s assessment of the call, which are
illustrated in green boxes in Figure 1. Each call and its status
(eg, no answer, busy signal, or leave message) were recorded.
The pattern of successful calls suggested preferred days and
times to reach each patient. After each call, the coach
summarized the overall assessment and documented any
comments and possible additional issues.

In addition, a “quick view” section displayed key historical
variablesfrom thefirst call and long-term goalsfor each patient
and was available to the coach at every session for use in
tailoring the intervention (highlighted in the blue box at the top
of Figure 1).

Automated Process Data Exchange

When preparing for a call, the intervention coach reviewed
information from the previous session, such as the planned
activity goals and reported challenges and successes from prior
weeks. To avoid repeated “look-back” operations or duplicate
manual typing work, the system functioned to automatically
carry forward key topics from prior weeks to the current call
screen.

New short-term goals set by the patient were recorded in the
“Assist” screen for the current session. The goal-setting
information from the previous session could also be displayed
immediately on the screen when “same as last session” was
checked. Thisfunction addressed the common situationin which
the patient was still working on goals from the previous week.
For each item included in short-term goals, the status“ compared
with last session” provided options to choose from new, same,
advanced, ssimpler, attained, or stopped statuses. The statuswas
carried-forward from the prior session (with the exception of
attained or stopped) and the counsel or was prompted to update
the status at the current session. The information delivery
process is demonstrated by dotted black arrowsin Figure 1. In
addition, the short-term goals set in the last session, including
challenges and strategies, were automatically transmitted to the
current “Assess’ screen. Thus, the intervention coach could
easily review the patient’s progress toward his or her last goals
during each call, and worked only within the current session
screens (see red arrows in Figure 1). Similarly, the scheduled
date and time for the next call populated the current “Arrange’
to the next “Call Records’ pages, shown using yellow arrows
inFigure 1.

Initial and updated long-term goalswere displayedin the“ quick
view” portion of the call screen for quick reference. If the
long-term goal was changed, the latest content was transmitted
to the “quick view” section for historical review. In this way,
the most recent long-term goals were displayed in the current
intervention screen using the live data delivery function, shown
using blue arrows in Figure 1.

Two shared data sectionswere designed to dynamically display
aggregated results: one for the successful call list and the other
for previoudly distributed toolkit information. This function is
shownin Figure 1 asthetwo areasfilled with green and orange,
respectively. In this way, the total number of successful calls
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and mailed educational information, along with the mailed dates,
were available for review by the coach at any call.

User Interface Development

Overview

User interface design addressed the sequence and content of the
intervention calls, while employing user-friendly data capture
tools. Theinterface devel opment made use of the graphical user
interface (GUI) components based on the application design
pattern.

Process Data Entry Screens

Recording of intervention process datais an important, but time
consuming activity. Accessto longitudinal process data by the
intervention coach supportsalongitudinal record of counseling
activity, patient goals and motivations, and facilitates process
evaluation of theintervention. Creating functional, user-friendly,
high-fidelity data entry screensiscritical for efficient collection
of process data. The system’s organization leads the coach
systematically through the call while collecting information in
pre-defined data fields.

We used a hierarchical structure to organize the intervention
display screens, shown in Figure 2. The Intervention Participants
List screen presented alist of all the intervention patients with
their progress information (eg, next session number and
scheduled call date) and informed the coach of the patient’s
intervention status. The Intervention Participant screen listed
all 12 sessions and the associated information, such as status
(eg, Need Contact, Completed, or Missed), call target date range,
scheduled call date, and actual call date. Clicking on a specific
session number navigated the coach to the Intervention Session

http://www.jmir.org/2013/4/e58/
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screens. Thetab user interface (Ul) assured optimal use of space
and made it easy to access the screens for each of the 5
counseling components. The information in the data entry
interface was displayed in the same sequence that the coach
used during the call. The high-fidelity data entry structure
facilitated real -time recording.

Thefirst intervention call was unique because the coach assessed
and recorded the baseline patient knowledge about TKR,
attitudes, and expectations. Information on these factors was
important for the coach’s reference during subsequent ons.
Thus, an area located on the left side of the data entry screens
in sessions 2 to 12 carried the “quick view” dataforward. See
an example of intervention data entry screens illustrated in
Figure 3.

Surveillance and Analytics Reports

The system’s basic reporting function produced interval reports
at the individual patient level and in aggregate across all
intervention patients. For individual patients, three types of
reports were generated for the coach’s review: key variables of
the first session, goals across al sessions to date, and toolkit
topics (advice) sent previoudly. In addition, monthly surveillance
reports summarized all enrolled participants and described
participant demographic attributes, adherence to intervention
delivery intervals (eg, rates of completed and missed callswithin
target windows), and patient progress (eg, humbers of goals
attained). All data collected in the system directly populated a
database to support statistical analyses at the conclusion of the
trial. While these reports were valuable to monitoring the
multisite study, inclinical practice, these reports could be central
to quality monitoring or documenting requirements for
reimbursement.
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Figure 1. 5A intervention session structure.
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Figure 3. Example of intervention data entry screen.
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Results

During the period from September 2008 to March 2011, data
were recorded in the system for 94 intervention patients; 92
completed the telephone sessions and the other 2 postponed
their surgery. Table 1 shows the aggregated call information
per session. 992 tel ephone sessions were conducted successfully
with only 2.2% (24/1104) of calls unable to reach or refused.
The average percentage of completed calls for Sessions 4-12
(post-surgery) exceeded 98% (818/828). The lower rate of call
completion for Sessions 2 and 3 wasrelated to short time frames
between study enrollment and surgery date, and unrelated to
the intervention and this system.

Theintervention process data captured from the successful 992
calls were aggregated based on the 5As (Table 2). The call
summary datafor Agenda, Assess, and Assist sectionswereal
captured without any missing information. The Assist portion
included six summary categories for the session goal status:
new (compared to last session), same, advanced, simpler,
attained, and stopped. Goal-setting patterns could be observed

http://www.jmir.org/2013/4/e58/

RenderX

in these data. For example, during the post-surgery phase, on
average patients discussed three or four short-term goalsduring
each call with the coach. These goals include one or two new
goals, a goal that was the same as the week before, and one
attained goal. The call arrangement for the next session was
completed 86.4% (857/992) of thetime. Missing datawere due
to patients who were not sure of a convenient time to have a
phonecall. Intotal, morethan 97% (4816/4960) of intervention
data fields were completed in the system.

A real-time surveillance report shows that the mean time spent
for the first intake call was 47 (SD 15) minutes, and the mean
time spent for subsequent sessions was 15 (SD 9) minutes.

With this structured system, the intervention coach spent 5-10
minutes to prepare for each counseling call and 10-15 minutes
to complete data entry for each telephone session. At the
completion of all 12 sessions, the coach spent 5-10 minutes for
final data quality review. Total average time for system
maintenance and tuning was less than 30 minutes per week.
This intervention support system was well accepted by the
intervention coach and other study staff.
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Table 1. Intervention calls per session.

Zheng et a

Completed calls No calls due to Missed calls dueto
Interval too short Unableto reach Refused
n % n % n % n %
Prior surgery
Session 1 92 100.0 0 0.0 0 0.0 0 0.0
Session 2 32 34.8 58 63.0 1 11 1 11
Session 3 55 59.8 30 326 5 54 2 2.2
Theevening prior surgery
Session 4 85 924 0 0.0 6 6.5 1 11
Hospital visit
Session 5 92 100.0 0 0.0 0 0.0 0 0.0
Post-surgery
Session 6 92 100.0 0 0.0 0 0.0 0 0.0
Session 7 89 96.7 0 0.0 3 33 0 0.0
Session 8 91 98.9 0 0.0 1 11 0 0.0
Session 9 91 98.9 0 0.0 1 11 0 0.0
Session 10 92 100.0 0 0.0 0 0 0 0.0
Session 11 91 98.9 0 0.0 1 11 0 0.0
Session 12 90 97.8 0 0.0 1 11 1 11
Total
992 89.9 88 8.0 19 17 5 0.5
Table 2. Intervention process data captured for 5As (N=992).
Agenda Assess Advise Assist Arrange for follow-up
n % n % n % n % n %
992 100.0 992 100.0 983 99.1 992 100.0 857 86.4
Discussion compromise between open-ended sessionsand CATI counseling

To date, electronic clinical trial systems have been used
primarily for dataentry and storage. We demonstrated that such
systems could be expanded to support the implementation of
behavioral interventions and the capture of intervention process
data. Our system also facilitates translation of efficacious
interventionsto “real world” clinical settingsasit structuresthe
intervention for future coaches.

While telephone counseling is an effective approach to deliver
behavioral change interventions, there is no consensus on how
to capture themes of coach-patient telephone conversations.
CATI is efficient and has become the data collection method
of choice for an increasing number of research surveys. CATI
permits direct data entry in an electronic format, reducing
processing time and costs, and supports complicated question
structure, alowing for better data quality. However, this
technique is most appropriate for gathering relatively simple
information requiring a short closed response, such as Yes/No
or a simple quantitative response, and is not suitable for
collecting open-ended qualitative data. We propose a

http://www.jmir.org/2013/4/e58/

mechanisms. While we structured and sequenced key
intervention components, our system offers flexibility to the
coach to tailor the delivery of such components and document
the process. Therefore, al the counseling dataare systematically
collected and organized into a structured dataset supplemented
by free text responses. The structured data summarize key
process metrics, while the free text enhances qualitative
evaluation.

This system was devel oped as a stand-al one application because
it served asinge-sitetrial. It ishoused on anetwork drive hosted
by the hospital and research university campus. The coach can
accessthe system anywhere by mapping the network drive when
in the campus or by using the virtual private network (VPN)
when off campus. In the second phase, we plan to use a
Web-based intervention support system, which will serve
multicenter clinical trials. The Web-based platform will ensure
easy connection through the I nternet and appropriate distribution
of information ontrial progress or protocols. The system guides
structured intervention calls to assure that behavioral
interventions and data collection are consistent across sites.
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Trial interventionists may enter data to a centralized database
via the Internet. Data monitoring, management, and transfer
security are among the key considerations. The uniform system
structure fosters easy data sharing in a standard format across
sites, and reduces the burden of obtaining and standardizing a
much broader set of data[20,21].

This system was al so designed to overcome two key barriersto
make clinical and trandational research more efficient
[22]—fragmented intervention data infrastructure and
incompatibility between clinical practice and clinical research
databases. To address the first issue, we considered the entire
dataflow and structure for intervention support and systematic
data collection when designing the study system. The system
was composed of separate but related data parts; each of the 5
intervention components was parallel in structure and
communicated among each other and across sessions. Structural
integrity of the system assures consistent intervention delivery
and complete data collection. To address the second issue, the
system design not only served the needs for this NIH-funded
clinical trial, but also hasthe potential to foster trandlation from
clinical research to clinical practice. For example, trained
coaches who use an Internet-based version of the system in
diverse clinical settings would be guided through each of the
12 intervention calls, the basic 5SAswithin each call, and process
data collection, thus allowing consistent intervention delivery

Zheng et a

across coaches and settings. If the intervention successfully
promotes improved physical activity and function after TKR
surgery, the intervention database will provide a template for
software to distribute with other clinical settings through the
Internet to replicate theintervention. It isalso possibleto apply
this model to face-to-face counseling interventions or adopt it
for other chronic diseases. It isnot limited to asimple research
tool.

One limitation of this system was the manual entry of patients
medical history information. Before intervention sessions, our
research coordinator had to obtain patients existing medical
information from hospital databases, and manually enter these
into the intervention database. | n the future, we plan to automate
the input of medication lists and co-morbid conditions as well
as hospital operating room data from the electronic medical
record to enhance research efficiency and reduce entry errors.

In conclusion, this innovative system to support intervention
delivery and collection of intervention process data facilitated
the successful delivery of a12-session peri-operative behavioral
intervention. It was also structured to support future translation
to an Internet-based clinical practice tool, should the study
outcome warrant broad implementation. The template and
experience with this system design can inform additional
behavioral interventionsto support chronic disease management
across diverse disease conditions.
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Abstract

Background: Telehealth based on advanced information technology is an emerging health care strategy for managing chronic
diseases. However, the cost-effectiveness and clinical effect of synchronoustelehealth servicesin older patientswith cardiovascular
diseases has not yet been studied. Since 2009, the Telehealth Center at the National Taiwan University Hospital has provided a
range of telehealth services (led by a cardiologist and staffed by cardiovascular nursing specialists) for cardiovascular disease
patients including (1) instant transmission of blood pressure, pulse rate, electrocardiography, oximetry, and glucometry for
analysis, (2) mutual tel ephone communication and health promotion, and (3) continuous analytical and decision-making support.

Objective: To evaluate the impact of a synchronous telehealth service on older patients with cardiovascular diseases.

Methods: Between November 2009 and April 2010, patients with cardiovascular disease who received telehealth services at
the National Taiwan University Hospital were recruited. We collected data on hospital visits and health expenditures for the
6-month period before and the 6-month period after the opening of the Telehealth Center to assess the clinical impact and
cost-effectiveness of telehealth services on cardiovascular patients.

Results: A total of 141 consecutive cardiovascular disease patients were recruited, including 93 aged =65 years (senior group)
and 48 aged <65 years (nonsenior group). Thetelehealth intervention significantly reduced the all-cause admission rate per month
per person in the nonsenior group (pretel ehealth: median 0.09, IQR 0-0.14; posttelehealth: median 0, IQR 0-0; P=.002) and the
duration (days per month per person) of all-cause hospital stay (pretelehealth: median 0.70, IQR 0-1.96; posttelehealth: median
0, IQR 0-0; P<.001) with increased all-cause outpatient visits per month per person (pretelehealth: median 0.77, IQR 0.20-1.64;
posttel ehealth: mean 1.60, IQR 1.06-2.57; P=.002). In the senior group, the telehealth intervention al so significantly reduced the
all-cause admission rate per month per person (pretel ehealth: median 0.10, IQR 0-0.18; posttelehealth: median 0, IQR 0-0; P<.001)
and the duration (days per month per person) of all-cause hospital stay (pretelehealth: median 0.59, IQR 0-2.24; posttel ehealth:
median 0, IQR 0-0; P<.001) with increased all-cause outpatient visits per month per person (pretelehealth: median 1.40, IQR
0.52-2.63; posttelehealth: median 1.76, IQR 1.12-2.75; P=.02). In addition, telehealth intervention reduced the inpatient cost in
the nonsenior group from $814.93 (SD 1000.40) to US $217.39 (SD 771.01, P=.001) and the total cost per month from US
$954.78 (SD 998.70) to US $485.06 (SD 952.47, P<.001). In the senior group, the inpatient cost per month was reduced from
US $768.27 (SD 1148.20) to US $301.14 (SD 926.92, P<.001) and the total cost per month from US $928.20 (SD 1194.11) to
US $494.87 (SD 1047.08, P<.001).

Conclusions: Synchronous telehealth intervention may reduce costs, decrease all-cause admission rates, and decrease durations
of all-cause hospital staysin cardiovascular disease patients, regardless of age.
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Introduction

Elderly individuals are often frail and at high risk for requiring
health care. According to Medicare data, 82% of elderly
individuals living in the United States have chronic conditions
that account for an annual average medical expenditure of US
$5015 per person during 1999 [1]. From research based on a
representative sample of seniors aged over 65 years nationwide
in Taiwan (N=114,873), the prevalence of chronic disease for
seniors is 70.4%, and medical expenditures for seniors with
chronic conditions accounts for 92.7% of the total medical
expenditures for seniors. Among these expenditures,
cardiovascular diseases account for an annual average medical
expenditure as high as US $4291 per person, which ranks it as
the most costly of the chronic diseases in Taiwan [2]. Those
patientswith multiple comorbidities requiring continued medical
care tend to be older and they have often been denied accessto
hospitals or have faced unequal access to hedlth care, referral,
trestment, or other social security benefitsin devel oped countries
[3,4].

Long-term chronic health conditions are one of the greatest
challengesto worldwide health care systems[5]. Nurse-led case
management for disease control and prevention has been
successful in diabetes[6], chronic obstructive pulmonary disease
[7], coronary heart disease [8], and heart failure [9]. This is
particularly true for one of the most deadly diseases in
cardiology, chronic heart failure, in which effective management
isamajor problem because of its high prevalence, high treatment
costs, mortality, and morbidity [10]. In addition to heart failure,
cardiovascular diseases also include diverse diseases, such as
coronary artery disease (CAD), arrhythmia, cardiomyopathy,
congenital heart disease, aortic disease, and valvular heart
disease. To date, comprehensive home-based heart failure
management care systems are thought to be effectivein reducing
costs and the reliance on prescription drugs, improving clinical
outcomes and functional levels, bolstering patient knowledge
and self-care, prolonging total survival, enhancing drug
adherence, and improving quality of life in the United States,
Canada, Europe, and Australia [9,11-13]. Home-based
interventions have been shown to improve the clinical outcome
and cost-effectiveness of treatment throughout the world despite
differences in ethnicity, costs of treatment, differing medical
practices, and hedlth care systems [14,15]. The weight of
existing evidence led the American College of Cardiology
(ACC) Foundation and the American Heart Association (AHA)
to recommend multidisciplinary disease management programs,
including telemonitoring for patients at high risk for heart failure
as aclass | indication, with a class A level of evidence [16].
However, 2 prospective randomized multicenter clinical trials,
the Telemonitoring to Improve Heart Failure Outcomes
(Tele-HF) study in 2010 and the Telemedical Interventional
Monitoring in Heart Failure (TIM-HF) study in 2011, used
telehealth monitoring for heart failure patients, but did not

http://www.jmir.org/2013/4/e87/

demonstrate abenefit on mortality ratesthrough telemonitoring
[17,18]. The lack of measured benefits was explained as being
aproduct of several factors: inadequate health care professional
staffing, information overload, and noncompliance to
telemonitoring intervention (in the Tele-HF study). In addition,
the TIM-HF trial was unable to detect clinicaly relevant
differences in mortality because of low statistical power.

Advances in modern telecommunication technologies, such as
Internet-based rather than telephone-based data exchange
platforms, have provided telehealth medicine a new approach
for chronic disease management [ 19]. Synchronoustelemedicine
involvesreal-time processing of patient data obtained remotely;
therefore, the patient and care provider need to be
simultaneously available [20]. However, the effect of
synchronoustel ehealth medicine based on advanced information
technology in elderly patients with cardiovascular disease has
never been studied. The Telehealth Center at the National
Taiwan University Hospital (NTUH) began physician-led
synchronoustelehealth servicesin 2009. In this paper, we assess
the clinical impact and cost-benefits achieved using telehealth
services for patients with cardiovascular diseases.

Methods

Patients

The study recruitment strategy followed a nonconcurrent
prospective design, approved by the I nstitutional Review Board
a NTUH (Taipel, Taiwan), and conducted by the Taiwan
ELEctroHEALTH study group (TELEHEALTH study group).
Informed consent was obtained from all participating patients.
The TELEHEALTH study group was located in the Telehealth
Center of NTUH and launched telehealth services for
cardiovascular disease patientsin 2009. In order to includethose
patients with diagnosed cardiovascular disease as well as
patients at high risk for cardiovascular disease, patients who
had the following disease conditions were considered for
enrollment in the telehealth service: (1) CAD with or without
percutaneous coronary intervention, (2) myocardia infarction,
(3) congestive heart falure, (4) arrhythmia, including
bradyarrhythmia, tachyarrhythmia, or ventricular arrhythmia
with an implantable cardiac defibrillator implant, (5) diabetes
mellitus, (6) syncope, (7) =2 CAD risk factorswith angina, and
(8) other surgical or congenital heart conditions. Syncope, which
may be noncardiogenic, was a so used as an indication because
biometric information obtained through telemonitoring can be
of value in cases that are caused from orthostatic hypotension
or vasovagal reflex. The main exclusion criterion for the
telehealth service was patient refusal . Between November 2009
and May 2010, consecutive cardiovascular disease patientswere
evauated for eligibility for telehealth monitoring during
inpatient and outpatient treatment. After obtaining informed
consent, the patient and main caregiver completed aface-to-face
tutorial for operating the manometer, oximeter, glucometer, and
electrocardiography device. Internet access and biometrics
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transmission were confirmed before launching the telehealth
service at home. Demographic and clinical datawere collected
from all participants, including gender, age, occupation, marital
status, years of schooling, number of people in the household,
main caregiver, clinical comorbidities, biochemistry findings,
and echocardiography study results. The estimated glomerular
filtration rate (eGFR) was calculated using the simplified
Modification of Diet in Rena Disease (MDRD) formula. The
clinical expenditure data, including outpatient costs, inpatient
costs, emergency department costs, and total cost of all-cause
health care and the frequency of health care visits (including
emergency department visits, inpatient admissions, inpatient
and outpatient procedures, and outpatient physician visits), were
collected 6 months before and 6 months after the initiation of
the telehealth service.

Telehealth Service

There were 3 components to the telehealth services provided.
Firgt, there were real-time transmission of biometrics from the
patientsto the health care team, including blood pressure, pulse
rate, el ectrocardiography, oximetry, and glucometry. Glucometry
was performed in patients with diabetes mellitusand those with
impaired fasting glucose and impaired glucose tolerance.
Nondiabetic patients did not have glucometry as a
telemonitoring module. Each transmitted clinical biometric was
recorded in health record clouds that were under synchronous
surveillance by the Telehealth Center at NTUH. Second, there
were telephone exchanges between the health care team and
patients for communication and heath promotion. Third,
full-time case managers and cardiol ogistswerein charge of care
24 hours a day. The telehealth services included health
education, diet therapy, fluid status evaluation, drug adverse
effects evaluation, drug compliance monitoring, mood or
emotion care, and patient surveillance through the advanced
information technology-based monitor system. Nurse case
managers tracked and scrutinized the clinical information
carefully and contacted the patient or relatives at least once per
day (except in casesin which the patientsindicated apreference
against daily interactions) or when abnormal data were
transmitted back to the service station at the Telehealth Center
at NTUH. Patientswho were under surveillance by thetel ehealth
service could a so contact the service station by telephone when
subjective or objective abnormalities were a concern. The
clinical information was relayed to the cardiology specialist;
the cardiology specialists made the final judgment and
suggestionsregarding care. The Telehealth Center also provided
constant analytical and decision-making support. The
management of these heart failure patients was conducted
according to the ACC/AHA guidelines for heart failure
management [21,22].

http://www.jmir.org/2013/4/e87/
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Study Follow-Up and Endpoint

The clinical impact analysis was based on data from outpatient
and emergency departments, general wards, and intensive care
units. The admission rate, total hospital stay, and hospital costs
(including the emergency department, inpatient, and outpatient
costs) were collected before and after initiation of thetelehealth
service. The data were expressed as a monthly average (US $1
equivaent to $31.40 New Taiwan dollars based on the exchange
rate on January 14, 2010).

Statistical Analysis

Enrolled participants were divided according to age into 2
groups: the seniors group included patients aged 65 years and
older and the nonseniors group included patients younger than
65 years. Because heart failure is the most-studied
cardiovascular disease in the literature and a higher proportion
of seniors had heart failure in our study, we further stratified
all the participants according to the disease state of heart failure
for analysis. Continuous dataare presented as mean and standard
deviation (SD) and the skewed continuous data are presented
as medians and interquartile ranges (IQRs). Discrete data are
given as counts (n) and percentages. The Student’s t test was
applied to compare continuous unpaired data between seniors
and nonseniors; for skewed continuous data, the Mann-Whitney
test was used. The chi-square test was used to compare
categorical data between seniors and nonseniors. The
Shapiro-FranciaW' test for normality reveal ed that the changes
in clinical outcome were not normally distributed. Therefore,
after stratifying the patients according to age and the state of
heart failure, the pretelehealth and posttelehealth clinical
variables as well as the paired continuous data were compared
with the Wilcoxon signed-rank test. A P value <.05 was
considered statistically significant. Stata/SE 11.0 for Windows
(StataCorp LP, College Station, TX, USA) was used for
statistical analyses.

Results

Between November 2009 and May 2010, a total of 141
consecutive cardiovascular disease patients who received
telehealth service from the Telehealth Center at NTUH were
included in this study. Of these 141 patients, the mean age was
68.5 years (SD 14.4), and the mean duration of telehealth service
was 52.7 days (SD 38.2). Among the patients, 56.7% of had
preexisting CAD, 18.4% had a myocardial infarction, 39.7%
had heart failure, and 44.0% had an arrhythmia. The baseline
characteristics are presented in Table 1.
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Table 1. Baseline demographic data for patients with cardiovascular disease receiving telehealth service.

Demographic data Nonsenior (<65 years) Senior (=65 years) Total P value
n=48 n=93 N=141
Age (years), median (IQR) 58.0 (49.1-61.0) 76.3 (71.1-80.9) 70.8 (60.8-78.3) <.001
Female, n (%) 12 (25.0) 43 (46.2) 55 (39.0) .01
Body weight (kg), mean (SD) 65.3 (15.3) 60.2 (11.6) 61.8 (13.1) .06
Body height (cm), mean (SD) 165.0 (7.3) 160.0 (8.6) 161.6 (8.5) .005
BMI(kg/m?), mean (SD) 23.7 (4.6) 236 (3.9) 236 (4.2) 84
Years of schooling, mean (SD) 13.1(3.9 10.4 (4.7) 11.3(4.6) .008
Number in household, mean (SD) 2.0(0.9) 22(14) 21(13) 31
Married, n (%) 41 (85.4) 84 (90.3) 125 (88.7) 39
Telehealth service duration (days), mean (SD) 55.8 (41.8) 51.1 (36.3) 52.7 (38.2) 49
Enrollment criteria, n (%)
Coronary artery disease (CAD) 20 (41.7) 44 (47.3) 64 (45.4) .52
Myocardial infarction 1(2.1) 5(.4) 6(4.3) .36
Heart failure 8(16.7) 12 (12.9) 20 (14.2) 54
Arrhythmia 10 (20.8) 19 (20.4) 29 (20.6) 96
Diabetes mellitus 2(4.2) 3(3.2) 5(3.6) 78
Syncope 0 0 0 —
22 CAD risk factors with angina 2(4.2) 2(22) 4(2.8) 49
Surgical or congenital heart diseases 5(10.4) 8(8.6) 13(9.2) 72

Comorbidity, n (%)

Hypertension 27 (56.3) 82(88.2) 109 (77.3) <.001
Diabetes mellitus 14 (29.2) 39 (41.9) 53 (37.6) 14
Dyslipidemia 23(47.9) 36(38.7) 59 (41.8) 29
CAD 25 (52.1) 55 (59.1) 80 (56.7) 42
Myocardial infarction 7 (14.6) 19 (20.4) 26 (18.4) 72
Heart failure 12 (25.0) 42 (45.2) 56 (39.7) 02
Valvular heart disease 4(8.3) 15 (16.1) 19 (13.5) 20
Chronic renal insufficiency 7(14.6) 34 (36.6) 41 (29.1) .006
Stroke 5 (10.4) 22(23.7) 27 (19.1) .06
Arrhythmia 17 (35.4) 45 (48.4) 62 (44.0) 14
Atrial fibrillation 8(16.7) 25 (26.9) 33(23.4) 18
VT or VF 2(4.2) 2(2.2) 4(2.8) 49
Bradyarrhythmia 3(6.3) 14 (15.1) 17 (12.1) 12
Pacemaker 6 (12.5) 11 (11.8) 17 (12.1) 91

Laboratory results, mean (SD) b

LVEF (%) 61.4 (15.5) 585 (14.1) 59.4 (14.5) 18
Hemoglobin (g/dL) 13.3(2.8) 12.4 (1.8) 12.7 (2.2) 04
Creatinine (mg/dL) 2.0(25) 1.9(L7) 1.9 (2.0) 79
Fasting glucose (mg/dL) 113.7 (44.9) 111.4 (34.3) 112.2 (38.1) 76
Total cholesterol (mg/dL) 186.7 (52.3) 183.9 (44.0) 184.9 (46.7) 75
HDL (mg/dL) 41.0 (11.6) 417 (13.8) 41.4(13.1) 82

http://www.jmir.org/2013/4/e87/ JMed Internet Res 2013 | vol. 15 | iss. 4 [e87 | p.141

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Chenet a

Demographic data Nonsenior (<65 years) Senior (=65 years) Total P value
n=48 n=93 N=141

Triglycerides (mg/dL) 142.4 (130.9) 134.6 (87.8) 137.2 (103.9) 72
€GFR (mL/min) 64.2 (26.4) 497 (22.6) 54.3 (24.7) .001

Medical prescriptions, n (%) ¢
Various HTN drugs, mean (SD) 16(1.2) 2.0(1.0) 19(1.0) .06
Diuretics 14 (29.2) 50 (53.8) 64 (45.4) .005
Spironolactone 4(8.3) 11 (11.8) 15 (10.6) .52
Calcium channel blocker 17 (45.4) 40 (43.0) 57 (40.4) .38
Antiplatelet 24 (50.0) 54 (58.1) 78 (55.3) 36
ACE inhibitor or ARB 17 (35.4) 56 (60.2) 73 (51.8) .005
Beta-blockers 25 (52.1) 31(33.3) 56 (39.7) .03
Statin or fibrates 15 (31.3) 24(25.8) 39(27.7) 49
Antiarrhythmic 15 (31.3) 29 (31.2) 44 (31.2) .99
OHA or insulin 5 (10.4) 24 (25.8) 29 (20.6) .03

8V T: ventricular tachycardia; VF: ventricular fibrillation.

b LVEF: left ventricle gectionfraction; HDL: high-density lipoprotein; eGFR: estimated glomerular filtration rate, calculated using smplified Modification

of Diet in Renal Disease (MDRD) formula

S HTN: hypertension; ACE: angiotensin-converting enzyme; ARB: angiotensin || receptor blocker; OHA: oral hypoglycemic agent.

Patients were further stratified according to age. Seniors (aged
>65 years) comprised 66.0% (93/141) of the total enrollment
with median age 76.3 years (IQR 71.1-80.9 years), and
nonseniors (aged <65 years) accounted for 34.0% (48/141) of
thetotal enrollment with median age 58.0 years (IQR 49.1-61.0
years). The indication for enrollment between the senior and
nonsenior groups was comparable. Seniors had a significantly
higher proportion of females (46.2% vs 25.0%, P=.01), fewer
years of schooling (mean 10.4, SD 4.7 vs mean 13.1, SD 3.9,
P=.008), hypertension (88.2% vs 56.3%, P<.001), heart failure
(45% vs 25%, P=.02), and chronic rena insufficiency (36.6%
vs 14.6%, P=.006). In addition, seniors had asignificantly lower
level of hemoglobin (mean 12.4 g/dL, SD 1.8 vs mean 13.3
g/dL, SD 2.8, P=.04) and eGFR (mean 49.7 mL/min, SD 22.6
vs mean 64.2 mL/min, SD 26.4, P=.001). The number of
hypertension drugs was comparable between senior and
nonseniors,; however, compared to the nonseniors, seniors used
asignificantly higher proportion of diuretics (53.8% vs 29.2%,
P=.005) and angiotensin-converting enzyme inhibitors or
angiotensin |1 receptor blockers (60.2% vs 35.4%, P=.005).

After receiving tel eheal th services, patientswith cardiovascular
diseases had a significantly decreased all-cause admission per
month rate (pretelehealth: median 0.10, IQR 0-0.17,
posttelehealth: median O, IQR 0-0; P<.001), and decreased
average days/month duration of all-cause hospital stay
(pretelehealth: median 0.60, QR 0-2.20; posttel ehealth: median
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0, IQR 0-0; P<.001), and an increased all-cause outpatient visits
per month rate (pretelehealth: median 1.17, IQR 0.36-2.27
posttelehealth: median 1.70, IQR 1.15-2.72; P<.001). There
was no significant difference in the all-cause emergency
department visit rate.

When stratified according to age, in nonsensiors the average
all-cause admission rate per month was significantly decreased
(pretelehealth: median 0.09, QR 0-0.14; posttel ehealth: median
0, IQR 0-0; P=.002) and the al-cause hospital stay days per
month duration was significantly decreased (pretelehealth:
median 0.70, IQR 0-1.96; posttelehealth: median 0, IQR 0-0;
P<.001), whereas the all-cause outpatient visit rate per month
was significantly increased (pretelehealth: median 0.77, IQR
0.20-1.64; posttelehealth: median 1.60, IQR 1.06-2.57; P=.002).
In seniors, the average all-cause admission rate per month was
significantly decreased (pretelehealth: median 0.10, IQR 0-0.18;
posttelehealth: median 0, IQR 0-0; P<.001) and the all-cause
hospital stay days per month duration was significantly
decreased (pretelehedth: median 0.59, IQR 0-2.24;
posttelehealth: median 0, IQR 0-0; P<.001), whereas the
all-cause outpatient visit rate per month was significantly
increased (pretelehealth: median 1.40, IQR 0.52-2.63;
posttelehealth: median 1.76, IQR 1.12-2.75; P=.02). Therewas
no significant difference in all-cause emergency department
visit rates in both sensiors and nonsensiors (Table 2).
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Table 2. Differencesin admission rates and duration of hospital stays 6 months before (pre) and 6 months after (post) initiation of telehealth services

in patients with cardiovascular diseases, stratified according to age.

Final measure Age group, median (IQR) Total, median (IQR)
Nonseniors (<65 years) Seniors (=65 years)
n=48 n=93 N=141
Pre Post Pvalue Pre Post Pvalue Pre Post P value
All-causeadmission 0.09 0 .002 0.10 0 <.001 0.10 0 <.001
rate? (0-0.14) (0-0) (0-0.18) (0-0) (0-0.17) (0-0)
Duration of al-cause 0.70 0 <.001 0.59 0 <.001 0.60 0 <.001
hospital stay® (0-1.96) (0-0) (0-2.29) (0-0) (0-2.2) (0-0)
All-cause outpatient  0.77 1.60 .002 1.40 1.76 .02 117 1.70 <.001
visits? (020-1.64)  (1.06-2.57) (053-263)  (1L12-2.75) (0.36-2.27)  (1.15-2.72)
All-cause emergen- 0O 0 .10 0 0 24 0 0 .06
¢y department visits®  (0-0.10) (0-0.20) (0-0.19) (0-0) (0-0.13) (0-0)
8 vVisits per month per person.
b Day(s) per month per person.
When stratified according to heart failure status, the average increased (pretelehealth: median 1.43, IQR 0.52-2.40;

all-cause admission rate per month of the non—heart failures
was significantly decreased (pretelehealth: median 0.09, IQR
0-0.12; posttelehealth: median 0, IQR 0-0; P=.003) and the
all-cause hospital stay days per month duration was significantly
decreased (pretelehedth: median 0.18, IQR 0-1.03;
posttelehealth: median O, IQR 0-0; P<.001), whereas the
all-cause outpatient visit rate per month was significantly
increased (pretelehealth: median 0.99, IQR 0.33-1.96;
posttel ehealth: mean 1.48, IQR 0.90-2.40; P=.009). The average
all-cause admission rate per month of the heart failures was
significantly decreased (pretelehealth: median 0.14, IQR
0.10-0.28; posttelehealth: median 0, IQR 0-0; P=.005) and the
all-cause hospital stay days per month duration was significantly
decreased (pretelehealth: median 2.25, IQR 0.97-4.49;
posttelehealth: median O, IQR 0-0; P<.001), whereas the
all-cause outpatient visit rate per month was significantly

posttelehealth: median 2.20, IQR 1.36-3.53; P=.009). There
was no significant differencein all-cause emergency department
visit ratesfor heart failure patients and non-heart failure patients
(Table 3).

After initiation of the telehealth service, the expenditure during
inpatient care decreased per month from US $784.15 (SD
1096.74) to US $272.63 (SD 875.08, P<.001), and the
expenditure during emergency department care increased per
month from US $19.09 (SD 32.82) to US $28.14 (SD 99.82,
P=.007). Although, the expenditures for outpatient care
increased per month from US $134.00 (SD 272.71) to US
$190.76 (SD 376.98, P=.007), the total cost of all-cause health
care decreased per month from US $937.25 (SD 1127.84) to
US $491.52 (SD 1012.45, P<.001). This pattern of impact
remained when patients were stratified according to either age
(Table 4) or heart failure status (Table 5).

Table 3. Differencesin admission rates and duration of hospital stays 6 months before (pre) and 6 months after (post) initiation of telehealth services
in patients with cardiovascular diseases, stratified according to heart failure status.

Final measure Non-heart failure, median (IQR) Heart failure, median (IQR)
n=87 n=54
Pre Post P value Pre Post P value

All-cause admission rate? 0.09 0 .003 0.14 0 .005
(0-0.12) (0-0) (0.10-0.28) (0-0)

Duration of all-cause hospital stay® 0.18 0 <.001 2.25 0 <.001
(0-1.03) (0-0) (0.97-4.49) (0-0)

All-cause outpatient visits® 0.99 148 .009 143 2.20 .009
(0.33-1.94) (0.90-2.40) (0.52-3.40) (1.36-3.53)

All-cause emergency department visits® 0 0 13 0.10 0 38
(0-0.93) (0-0) (0-0.18) (0-0.23)

@ Time per month per person.
b Day(s) per month per person.
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Table 4. Monthly average cost per patient (in US$) 6 months before (pre) and 6 months after (post) initiation of telehealth services in patients with
cardiovascular diseases, stratified according to age.

Final measure Nonsenior, mean (SD) Senior, mean (SD) Total participants, mean (SD)
n=48 n=93 N=141
Pre Post Pvalue Pre Post Pvalue Pre Post P value
Outpatient cost 127.08 263.51 .04 137.57 153.21 .08 134.00 190.76 .007
(309.34) (569.44) (253.47) (215.45) (272.71) (376.98)
Inpatient cost 814.93 217.39 .001 768.27 301.14 <.001 784.15 272.63 <.001
(1000.40) (771.01) (1248.20)  (926.92) (1096.74)  (875.08)
Emergency department 12.76 4.16 .01 22.35 40.51 A1 19.09 28.14 .007
cost (26.89) (12.76) (35.18) (120.93) (32.82) (99.82)
Total cost of al-cause 954.78 485.06 <.001 928.20 494.87 <.001 937.25 491.52 <.001
health care (998.70) (952.47) (1194.11)  (1047.08) (1127.84) (1012.45)

Table 5. Monthly average cost per patient (in US$) 6 months before (pre) and 6 months after (post) initiation of telehealth services in patients with
cardiovascular diseases, stratified according to heart failure status.

Final measure

Non-heart failure, mean (SD)

Heart failure, mean (SD)

n=87 n=54
Pre Post P vaue Pre Post P value

Outpatient cost 95.47 114.49 .05 196.09 313.64 .08
(213.71) (174.57) (340.55) (548.64)

Inpatient cost 496.94 195.92 <.001 1246.89 396.22 <.001
(748.84) (668.84) (1383.40) (1127.68)

Emergency department cost 12.99 9.52 .06 28.92 58.14 15
(32.03) (32.42) (31.99) (152.08)

Total cost of all-cause health care 605.39 319.93 <.001 1471.89 768.00 <.001
(777.18) (728.71) (1381.29) (1311.42)

Discussion

Principal Results

Inour clinical investigation, area-timetel ehealth service based
on the combination of information technology and
rapid-response hospital services improved clinical outcomes,
decreased admission rates, and shortened the duration of
all-cause hospital stays for cardiovascular disease patients
younger than 65 years as well as patients older than 65 years.
Thetelehealth service al so provided cost savings by decreasing
the expenses of inpatient and total cost of all-cause health care
in patients younger than 65 years and in those patients older
than 65 years. To the best of our knowledge, this is the first
study to demonstrate age differences in the clinical impact and
cost-effectiveness of a real-time telehealth service in patients
with cardiovascular diseases.

Comparison to Prior Work

In contrast to traditional case management for chronic diseases,
new methodsfor health promotion and disease control, including
Internet-based interventions, telephonic support, home-based
interventions, and telemedicine sessions, have been employed
for various disease conditions. Telehealth services have been
enthusiastically adopted for patients affected by chronic
conditions, including chronic obstructive pulmonary disease
[23], diabetes self-management [24], renal failure [25], and

http://www.jmir.org/2013/4/e87/

heart failure [26]. Telemedicine is an efficient approach and is
suggested to be animportant feature of heart fail ure management
[9,11-13]. Based on advancesin telecommunication technologies
and their utilization in managing heart failure, 4 generations of
telemedicine were proposed: (1) nonreactive data collection and
analysis systems, (2) systems with nonimmediate analytical or
decision-making structure, (3) remote patient management
systems, and (4) fully integrated remote management systems,
including invasive and noninvasive medical devices[20]. From
the positive telephone support results and ongoing
telemonitoring studies, it seemslikely that telemedicine will be
an efficient approach and become an important feature of heart
failure management. However, 2 recent randomized clinical
trials in heart failure did not corroborate these findings for
morbidity- and mortality-related endpoints[17,18], and another
telehealth study including elderly patientswith multiple medical
issues reported increased mortality rates when telemonitoring
was in use [27]. The contradictory results are likely attributed
to several factors.

Remote telemedicine delivery methods, such as synchronous
(real-time) or asynchronous (store-and-forward) telehealth care
delivery [28], vary and this can affect the clinical impact of
telehealth care. After receiving the biometrics data through
telemonitoring, the manner in which the telehealth service or
telemedical remote management professionals utilize the data
isone of the most important factors determining clinical impact.
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In asynchronoustel ehealth care delivery, the biometric datacan
be transmitted synchronously or asynchronously. The data are
often stored first and reviewed later; therefore, data processing
and remote patient management can be delayed, particularly
outside of office hours. The Tele-HF study is representative of
asynchronoustelemonitoring [ 18] in which biometric datawere
reviewed by the patient’s physician every weekday; the Tele-HF
study showed a negative result of telemonitoring in heart failure
patients. In synchronoustel ehealth care delivery, biometric data
are transmitted and processed on areal-time basis. The patient
and health care provider need to be ssimultaneously available,
as does the telemedical remote management professional. The
Telemonitoring in the Management of Heart Failure
(TEMA-HF) [29] and TIMF-HF [30] studies are representative
of synchronous telemonitoring which requires a high degree of
health professional participation for processing complex
incoming physiological dataand making subsequent therapeutic
decisions. Although the TIM-HF study failed to reveal aclinical
benefit, the TEMA-HF trial showed areduced mortality ratein
the telemonitoring group. Variations in the degree of urgency
following biometrics transmission may account for the
conflicting results of clinical research [20]. For the biometrics
transmission and remote pati ent management to be synchronous,
modalities such as telephone touch pad-based telemonitoring
[31], video consultation-based telemonitoring [32], and
iPhone-based telemonitoring [33] have been used. With
advancesin modern telecommuni cation technol ogies, telehealth
has great potential to improve access to remote health care as
an adjunct to traditional medical management. However, its
adoption in routine health care has been slow, likely dueto lack
of clarity regarding the value of telehealth implementation [34].

Differences in selected physiological monitoring parameters
(eg, body weight, heart rate, blood pressure, body temperature,
electrocardiography, oxygen saturation, and fasting glucose) in
noninvasive telemedical systems may influence the clinical
outcome. However, the question of which physiological
parameter provides the best benefit for cardiovascular disease
remains unanswered. Alternatively, the solution must be
connected to disease severity and the spectrum of disease.

Different diseases of interest or variations in disease severity
may result in differences in the efficacy of telehealth services.
Heart failure—related diseases with different New York Heart
Association functional classes, different stages of chronic kidney
disease, and different types of cardiorenal syndrome or
associated arrhythmiawould fundamentally govern theclinical
course.

Social factors, cultural factors, diet habits, social habits,
adherence to medical prescriptions, self-empowerment,
consumer price index, medical practice behavior, and ethnic
differences may govern the results of telehealth service
investigations. Indeed, the key to telehealth service success is
that the service should offer patients the opportunity to become
actively involved in management of their own health care.
Information sharing and communi cation techniques provide the
opportunity for health professionals to improve patient health
awareness outside of the hospital and ensure that the patient
plays an active role in their own therapeutic process. The
incorporation of these techniques also will represent a new
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approach to the therapeutic relationship, which will emulate the
traditional face-to-face relationship between health care
providers and patientsin aremote capacity. Health professionals
that adapt these techniques are able to provide consultations
related to health promotion, disease prevention, and facilitation
of illness recovery in a more responsive manner.

Ageisalways amajor concern in medical practice that should
never be overlooked. Older age is usually an independent
prognostic factor for infectious disease, acute coronary
syndrome, stroke, malignancy, and chronic kidney disease,
among others. Despite not actually being considered aminority
group, elderly patients may be discriminated against in several
health care-related situations. Health insurance providers tend
to exclude elderly patients from obtaining comprehensive
insurance coverage. In devel oped countries, issues of restricted
access to hospitals or facing unequal access to health care,
referral, and treatment remain [3,4]. Clinical trials tend to
exclude elderly patients [35]; hence, the conclusions reached
in studies of nonelderly populations cannot be extrapolated to
elderly patients. As the elderly population continues to grow,
geriatricsis aburgeoning science and a subspecialty of internal
and family medicine.

There are several concerns about the application of telehealth
services for the elderly. First, elderly patients may have more
comorbidities and chronic diseases that make periodic inpatient
medical care in this group amost inevitable. Therefore,
synchronous telehealth service for senior patients may not work
as effectively as in nonsenior patients. Second, seniors might
not be able to fulfill the telehealth care model completely due
to the decline of their physical and mental condition. Utilizing
computers and learning new communication technology may
be difficult for elderly patients with impaired cognitive and
physical function.

However, our study demonstrated that synchronous telehealth
service can provide cost-effectiveness benefitsaswell asclinical
benefits for reducing admission rates and duration of hospital
stay regardless of age status. We believe that the success was
because of the support from caregivers and families who built
up the care and fulfilled the complete model of synchronous
telehealth service. Although telehealth services cannot prevent
diseases or magjor adverse cardiac events from occurring, the
servicemay still be helpful in early detection of declining health
status and assist in the delivery of timely medical therapy.
Therefore, cost savings can till be achieved in elderly patients.

Limitations

There were severa limitations of our study. First, the study
design lacked randomization, which resulted in the heterogeneity
of the patient population and disease severity. There were also
no control groups. Therefore, this study was a
quasi-experimental study. Second, the relatively short period
of follow-up may underestimate or overestimate the
cogt-effectiveness and clinical outcomes of thetel ehealth service
for patients with cardiovascular disease. Although the initial 6
months of follow-up provided satisfactory results, this initial
benefit may not guarantee a long-standing benefit or reflect
mortality reduction. Third, thediversity of medical prescriptions
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and baseline demographic data may potentially confound the
results.

Conclusions

The results of our study suggest that synchronous telehealth
intervention may provide cost savingsand clinical improvement
in cardiovascular disease patients regardiess of age status.
Particularly in patients aged older than 65 years whose

Chenet a

from reduced health care expenditures, reduced admission rates,
and decreased duration of all-cause hospital stays when their
illnesses are managed by using a telehealth service. In
conclusion, telehealth medicine may be an effective model for
cost savings in patients with cardiovascular diseases. Due to
the limitations of the quasi-experimental study design, these
findings require confirmation in alarge randomized controlled
trial in an older adult population with chronic diseases.

application of telehealth service wasin doubt, they also benefit
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Abstract

Background: Many studies rely on self-reported anthropometric data. While paper-based self-reports have been the standard
collection mode, the number of studies collecting self-reported data viathe Web isincreasing rapidly. Although numerous studies
have shown good agreement between self-reported and measured weight using paper-based questionnaires, the validity of using
the Web to inquire about weight is unknown.

Objective: The objective of this study was to validate Web-based self-reports of bodyweight compared to weight measured at
the study center.

Methods: The validity of weight self-reported via the Web was assessed by comparing self-reports against measurements of
weight in a convenience sample of 149 individuals (77.2% women, 115/149), aged 20-65 years. Study participants self-reported
their weight via a Web-based questionnaire and thereafter had their weight measured in the research center.

Results: The Spearman corréelation coefficient between self-reported and measured weight was 0.98 (P<.001). The mean
difference between self-reported and measured weight was -1.2 (SD 2.6) kg. There was a statistically significant difference
between self-reported and measured weight with the self-reported being lower (P<.001). Subjects with abody massindex (BMI)

>25 kg/m?, and subjects =30 years of age, under-reported their weight statistically significantly more than subjects with a BMI
<25 kg/m?, and subjects <30 years of age, respectively.
Conclusions: Our results show that self-reported weight via the Web can be avalid method of data collection.

(J Med I nternet Res 2013;15(4):€52) doi:10.2196/jmir.2393

KEYWORDS
body weight; Internet; validity

guestionnaire increases the anonymity of the subject responding.
Thismakesit easier for the subject to answer personal questions

Many studies rely on self-reported data on anthropometric  ruthfully and encourages reporting of uncensored personal
variables. Thisis more practical and less expensive to collect,  Information [2]. Sensitive or stigmatized behaviors have been
than measured data, especially when handling a large sample repqrted moretruthfully in self-administered wrvey§compared
size. Nonetheless, self-reported dataiis limited by information {0 interview-conducted surveys [3,4]. A previous study
bias[1]. Considering theincreasing number of studiescollecting  NVestigating the validity of self-reported weight by telephone
Web-based data, there is a need to determine the validity of interview and a paper questionnaire found that overweight and

Web-based self-reports of body weight. obese women reported weight more accurately in the
guestionnaire[5]. Heavy drinking of alcohol isancther example

It has been suggested that using the Internet creates adistance  of a stigmatized behavior where a Web-based questionnaire
between the investigator and the subject, as a self-reported
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captured more heavy drinkers compared to tel ephoneinterviews
(6].

While many studies have evaluated paper-based self-reports of
weight, it isunclear how valid Web-based self-reports are. The
aim of this study was to validate Web-based self-reports of
weight against weight measurements made by the study
personnel at aresearch center.

Methods

Study Design

Individuals between the ages of 20 and 65 years were recruited
for participation during the spring of 2009 by public
advertisements in Stockholm County, Sweden. The primary
aim of the study was to validate methods assessing diet and
physical activity. Access to the Internet and an email address
were the requirements for participation. Subjects who were on
any form of weight alteration diet, pregnant, or had given birth
during the 10 months prior to the start of the study were
excluded from participation. Participants were provided with
information about the study and gave their written informed
consent prior to the start of the study. The study design was
previously described in detail by our research group [7]. The
study was approved by the research ethics committee at
Karolinska Institutet, Stockholm, Sweden.

Intotal, 179 subjectswereincluded for participation in the study.
Out of them, 150 subjects applied via the Web by filling in a
questionnaire with personal information, including height and
current weight. The questionnaire was downloaded from the
Web, filled out by applicants on the computer, and thereafter
sent via email to the researchers. There were no instructions
regarding clothing or of subjects having to weigh themselves
specifically for the questionnaire. Subjects were not aware that
their weight was going to be measured at the start of the study
when applying for participation. The remaining 29 subjects
applied viapersona contact or regular paper mail and were not
included in the analysis of the present study. Approximately 2
months after applying for participation, subjects attended an
introductory meeting and had their weight measured by study
personnel. Subjects wore indoor clothing and no shoes during
weight measurements. M easurementswere made using adigital
scale displaying weight to a tenth of a kg. All measurements
were made by the same study personnel using the same scale.
One subject out of the 150 who applied viathe Web had no data
on measured weight at the study center and was excluded from
further analyses. Thus, 149 subjectswereincluded in statistical
analyses.

Statistical M ethods

Characteristics of the study participants are presented as
descriptive statistics. Results of self-reported weight and height,
measured weight, and differences between assessments, are
reported as mean values and standard deviations. Potential
differences between men and women, subjects <30 and =30
years of age, and subjects with a body mass index (BMI) <25
and =25 kg/m?, were assessed using paired t tests for continuous
variables and chi-sgquare testsfor categorical variables. We also
performed multivariate linear regression controlling for sex,

http://www.jmir.org/2013/4/e52/
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age (<30 or 230 years), BMI (<25 or 225 kg/m?), education,
and smoking. The degree of association between self-reported
and measured weight was assessed using Spearman and
intraclass correlation coefficients [8]. Because systematic
differences between assessments cannot be detected using
Spearman correl ation coefficients, absol ute agreement between
the assessments was determined by using the Bland-Altman
technique [9]. The difference between self-reported and
measured weight (y-axis) was plotted against the mean of the
two assessments (x-axis). The significance level was set to
P<.05. All analyses were performed using STATA 11.1

Results

Characteristics of subjects included in analyses are presented
in Table 1. The majority of subjects were female (77.2%,
115/149), <30 years of age (51.7%, 77/149), and had a BMI

<25 kg/m? (76.5%, 114/149). Men reported using Swedish snuff,
amoist form of snuff, to ahigher extent than women (P=.000).
No other statistically significant differenceswerefound between
men and women, or between subjects with a BMI <25 or =25

kg/m?.

The Spearman correlation coefficient between self-reported
weight via the Web and weight measured by study personnel
was 0.98 (P<.001) for al subjects (Figure 1). The Spearman
correlation coefficientsfor men and women were 0.89 (P<.001)
and 0.97 (P<.001) respectively. For subjects with a BMI <25

kg/m? and =25 kg/m?, the Spearman correlation coefficients
between self-reported and measured weight were 0.97 (P<.001)
and 098 (P<.001) respectively. Intraclass correlation
coefficients were amost identical to the Spearman correlation
coefficients (results not shown). There was a statistically
significant difference between self-reported and measured
weight in the whole group (P<.001), and in women (P<.001).
There was a borderline statistical difference in men (P=.066).
Further, there were statistically significant differences between
self-reported and measured weight independent of BMI (<25

kg/m?, P<.001 and 25 kg/m?, P=.002).

Figure 2 shows a Bland-Altman plot graphically illustrating
differences between self-reported and measured weight among
all subjects, the mean difference between self-reported and
measured weight was -1.2 kg (SD 2.64). The plot shows good
agreement between the two methods. However, the trend in the
plot indicatesincreased under-reporting of self-reported weight
with increasing body weight.

Table 2 shows self-reported weight, height and BMI, measured
weight, and differences between self-reported and measured
weight. Self-reported weight was under-reported compared to
measured weight for al subjects (P<.001). The difference
between assessments remained highly significant among women,
-1.3 kg (P<.001), but not among men, -0.9 kg (P=.07). The
difference between self-reported and measured weight was not
statistically significantly different between men and women.

For subjects with a BMI <25 kg/m? and =25 kg/m?, there was
astatistically significant difference between the groups (P=.02),
with heavier subjects under-reporting on average -1.2 kg more

JMed Internet Res 2013 | vol. 15 | iss. 4 |€52 | p.150
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compared to leaner subjects. Years of education did not appear
to affect self-reports of weight while subjects 230 years of age
under-reported their weight more than subjects <30 years of
age (P=.02).

Results from the multivariate regression controlling for sex, age
(<30 or =30 years), BMI (<25 or 225 kg/m?), education, and

Table 1. Characteristics of study participants.

Bonnetd

smoking were similar to the results described above. Therewere
dtatistically significantly higher under-reporting among subjects
>30 years and subjects with a BMI =25 kg/m? compared to
subjects <30 years of ageand aBMI of <25 kg/m?, respectively.
Sex, education, and smoking did not affect the difference
between self-reported and measured weight (data not shown).

All Men Women P value?
n=149 n=34 n=115
n % n % n %
Age (years) 45
<30 77 51.7 18 52.9 59 51.3
30-39 28 18.8 7 20.6 21 18.3
40-49 22 14.8 7 20.6 15 13.0
50-59 18 121 2 59 16 139
>60 4 27 0 0.0 4 35
Education (years) 46
9.12° 32 215 9 26.5 23 20.0
>12 114 76.5 25 735 89 77.4
Missing data 3 20 0 0.0 3 2.6
Smoker 12
Current 11 74 5 14.7 6 52
Previous 38 255 6 17.6 32 27.8
Never 96 64.4 23 67.6 73 63.5
Missing data 4 2.7 0 0.0 4 35
Swedish snuff® user 000
Current 7 4.7 6 17.6 1 0.9
Previous 16 10.7 7 20.6 9 7.8
Never 122 81.9 21 61.8 101 87.8
Missing data 4 27 0 0.0 4 35
BMI (kg/m?)? 11
<25 114 76.5 27 794 87 75.7
225 35 235 7 20.6 28 24.3

8comparing men and women using chi-square tests
bprimary school

Camoist form of snuff

dBM1 based on self-reported weight and height
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Table 2. Weight, height, and BMI based on self-reported and measured data.

Self-report Measured Difference®
Mean (SD) Mean (SD) Mean (SD)
n Weight (kg) Height (cm) BMI (kg/ m2) Weight (kg) Weight (kg)
All
149  68.7(12.6) 170.6 (9.5) 23.6(3.8) 69.9 (13.2) -1.2(2.6)
Gender
Men 34 80.0 (7.8) 183.2 (7.3) 23.9(2.2) 80.9 (8.5) 09 (2.7
Women 115  65.3(1L7) 166.9 (6.4) 23.5(4.1) 66.6 (12.5) -1.3(2.6)
P value <.001 <.001 .55 <.001 44
BMI (kg/m?)
<25 114  64.9(9.7) 171.4(9.6) 22.0(L.7) 65.8 (10.0) -0.9(2.1)
225 35 80.8 (13.5) 168.3 (8.8) 28.5(4.3) 83.0(13.9) -21(3.8)
P vaue <.001 .09 <.001 <.001 .02
Age (years)
<30 77 66.6 (10.8) 171.7 (9.7) 22.5(2.6) 67.3(11.5) -0.7 (2.5)
230 72 70.9 (14.0) 169.5 (9.2) 24.7 (4.4) 72.6 (14.3) 1727
P value .04 14 <.001 0.01 .03

&difference between measured and self-reported weight

Figure 1. Scatter plot showing the correlation between self-reported (y-axis) and measured (x-axis) weight (kg). The Spearman correlation coefficient
was 0.98 (P<.001). Each data point represents one subject. n=149.
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Figure 2. Bland-Altman plot showing the difference between self-reported and measured weight (y-axis) in relation to measured weights (kg). The
mean difference was -1.2 kg. The 95% limits of agreement for the observations are represented as =2 SD of the mean difference. Each data point

represents one subject. n=149.
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Discussion

General Discussion

Results from the present study show that Web-based self-reports
of weight are highly correlated, athough somewhat
under-reported, with measured weight in a Swedish popul ation.
Although there were small differences between subgroups,

overweight and obese subjects with a BMI =25 kg/m?
under-reported their weight on average by 1.2 kg more than
normal weight subjects. Further, we found that subjects =30
years of age, under-reported their weight on average by 1.0 kg
more than younger subjects. Under-reporting was associated
with both increasing BMI and age independently. No differences
were seen between men and women. To the best of our
knowledge, the present study is among the first to examine the
validity of Web-based self-reports of weight.

Our results are in line with previous studies validating
paper-based self-reports of weight against measurements of
weight, which have shown high correlations and high validity
[5,10-14]. Neverthel ess, self-reported weight is under-estimated
in most populations [15], and by most individuals [5,12,16],
although under-weight subjects have been seen to over-report
weight [5]. Consistent with the results of previous studieswhere
increasing body mass was associated with increased
under-reporting [15,17,18], our results demonstrated increased
under-reporting among subjects with a high BMI.

As was aso shown in a previous study [19], we saw an
indication of gender difference, with women under-reporting
their weight to agreater degree than men. Thelack of statistical
significance between the sexes' degree of under-reporting might
be due to our small sample size and fewer participating men.

http://www.jmir.org/2013/4/e52/

RenderX

Thegreater under-reporting detected among ol der subjects may
partly be explained by the positive association between BMI
and age and the increasing under-reporting seen with increasing
BMI. Increased under-reporting in older subjects could also
partly be explained by memory bias due to older subjects not
keeping track of their current weight to the same extent as
younger subjects. Previous studies have also shown ageto have
an effect on under-reporting [15].

The observed under-reporting of self-reported weight compared
to measured weight, may partly be explained by true differences
between the time of self-reported and measured weight.
However, the time period between the self-report and the
measurement was fairly short and participants were healthy and
not on any weight changing regimen. Thus, we believe that
large changesin weight during this period were unlikely to have
occurred, and does not fully explain the difference. Nonethel ess,
anarrower time period between the self-reported and measured
weights would be ideal to avoid fluctuations in weight over
time. Some of the under-estimation might be explained by
subjects self-reporting their weight without clothes, while the
measurements of weight were made while wearing clothing.
Although thismay explain part of the under-estimation, it isnot
likely to have caused the entire difference. Another explanation
for differences might be the fact that subjects self-reported their
weight in different manners as no specific instructions for
self-reports were given, causing random errors. Errors in the
measurement of weight were unlikely, given that the same scale
was used by the study personnel for all measurements.

Furthermore, the lack of measured height was also alimitation
to the current study, and may have had an effect on estimates
of BMI. However, previous studies have shown good validity
of categorization according to BMI assessed from self-reported
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data compared to measured data [5]. Therefore, we believe that
our estimates of BMI assessed from self-reported weight and
height were fairly accurate.

The use of Web-based self-reports of data has numerous
advantages compared to collecting data using paper-based
guestionnaires. Data quality can be improved by implementing
automatic controls for missing data and answers out of a
reasonable range. The quality of anthropometric data, with
regard to missing and plausible answers, collected using a
Web-based questionnaire, has been shown to be equal to, or
better than, that of data collected using a paper version of the
guestionnaire [20]. While Web-based questionnaires may be
superior to their paper-based predecessors when it comes to
completeness of data, concerns have been raised regarding
response rates and selection bias introduced by using online
surveys [21]. We do not believe, however, that these concerns
will be aproblem when collecting datain future studies. Access
to, and use of, the Internet in Sweden hasincreased considerably
during the last decade with more than 90% of the adult
population having access today [22].

Like many other convenience samples, the present study
population comprised of men and women of different ages, but
themajority of subjectswere nonethel essyoung femalesresiding
in Stockholm County, limiting the generalizability of the results.
A truly population-based study would improve generalizahility,
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but was clearly unfeasiblefor practical reasons. In addition, the
study subjects who applied for participation in the study knew
that the aim of the study wasto eval uate methods assessing diet
and physical activity. They may therefore be more health
conscious and motivated to participate than the average
population, and thus prone to self-reporting their weight in a
more truthful manner. Nonethel ess, the study participants were
not initially aware of the comparisons between self-reported
and measured weight.

The self-selection of participants might have created asampling
bias yielding a stronger correlation and a decreased difference
between assessment methods than in the general population. Of
note is that the study subjects had a mean BMI comparable to
the general Swedish population [23]. Nonetheless, future studies
should focus on validity of self-reports by other sub-groups,
such aselderly or obese. Despite these potential limitations, our
results may be helpful when using self-reported weights in
studies in young and normal weight populations.

Conclusions

We have found Web-based self-reports of weight to be as good
as paper-based self-reports of weight found in previous studies.
Although more validation studies may be needed, our results
showed that self-reported weight via the Internet is a suitable
method of data collection for usein research and clinical work.
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Abstract

Background: Potentia methods of application of self-administered Web-based pure-tone audiometry conducted at home on a
PC with a sound card and ordinary headphones depend on the value of measurement error in such tests.

Objective: The aim of this research was to determine the measurement error of the hearing threshold determined in the way
described above and to identify and analyze factors influencing its value.

Methods: The evaluation of the hearing threshold was made in three series: (1) tests on aclinical audiometer, (2) self-tests done
on a specialy calibrated computer under the supervision of an audiologist, and (3) self-tests conducted at home. The research
was carried out on the group of 51 participants selected from patients of an audiology outpatient clinic. From the group of 51
patients examined in the first two series, the third series was self-administered at home by 37 subjects (73%).

Results. The average difference between the value of the hearing threshold determined in series 1 and in series 2 was -1.54dB
with standard deviation of 7.88dB and a Pearson correlation coefficient of .90. Between the first and third series, these values
were-1.35dB+10.66dB and .84, respectively. In series 3, the standard deviation was most influenced by the error connected with
the procedure of hearing threshold identification (6.64dB), calibration error (6.19dB), and additionally at the frequency of 250Hz
by frequency nonlinearity error (7.28dB).

Conclusions: The obtained results confirm the possibility of applying Web-based pure-tone audiometry in screening tests. In
the future, modifications of the method |eading to the decrease in measurement error can broaden the scope of Web-based pure-tone
audiometry application.

(J Med Internet Res 2013;15(4):e71) doi:10.2196/jmir.2222

KEYWORDS
pure tone audiometry; computer-assisted instruction; self-examination

evaluated before applying the test results in the diagnostic and
therapeutic process.

The development of Internet technologies combined with  The remote examinations of hearing conducted with the use of
technological progressin the construction of personal computers,  PCs have been carried out for about 10 years [1]. These
especialy in terms of improving performance of sound cards,  examinations can be divided into surveys[2-4] and examinations
offer the possibility of conducting self-administered hearing  done with the use of sound signals. The sound signals can be
testsat home. Moreover, in agroup of elderly peoplewho often  generated through a dedicated external device connected to a
suffer from heari ng loss, there is an increas ng number of PC, usua”y an audiometer [5’6] or aPC sound card [3,4,7-12]
Internet users. The Valldlty of such heari ng tests needs to be Among heari ng examinations, we can disti nguish screeni ng
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tests[3,7,11,12] and examinations such as pure-tone audiometry
[4-6,8-10], which provide additional information.

The hearing screening tests done remotely with the use of aPC
sound card are most often in the form of a speech-in-noise test
[3,7,11,12]. The speech-in-noise test is preferred over surveys
[3] as it improves the detection of hearing impairment among
the population [ 7], especially after introducing alow-pass noise
[12]. The evaluation of validity of pure-tone audiometry
conducted in similar conditions, ie, with the use of a PC sound
card and ordinary headphones[8-10] isambiguous and depends
on the adopted solutions, which include, eg, calibration, hearing
threshold evaluation method, and presence or lack of a person
supervising the test. In the supervised tests, the mean error
concerning the determination of a hearing threshold on a
specially constructed and calibrated PC-based device was below
2.3dB [8]. In unsupervised tests conducted after computer
calibration performed by a person with good hearing, the
greatest error occurred at the frequency of 2kHz and 4kHz and
was -5.6dB and —5.1dB respectively, with standard deviation
of 8.29dB and 6.9dB [10]. In unsupervised tests conducted
without calibration, the maximum mean difference occurred at
the frequency of 500Hz and was 11.3dB [9].

The potential application of pure-tone audiometry conducted
on a PC depends on the value of the measurement error. The
PC-based test will not substitute the clinical pure-tone
audiometry. However, it can be applied for conducting
self-administered check-upsin cases of limited accessto clinical
devices, eg, at the general practitioner. Alternatively, it can be
used as an initial telemedical examination combined with a
survey, which will help determine the direction of future
treatment. The aim of the research was to identify the
measurement error connected with determining the hearing
threshold conducted by means of self-administered Web-based
pure tone audiometry, as well as identify and analyze factors
affecting its value.

Methods

The hearing threshold evaluation was done in three series: (1)
audiologist-performed tests on clinical audiometer at an
audiology outpatient clinic, (2) self-administered Web-based
tests on a specially calibrated computer at an audiology
outpatient clinic under the supervision of an audiologist, and
(3) self-administered Web-based tests conducted at home.

In series 1 and 2, 51 participants (32 men, 19 women), aged
11-60 years (the median age was 34) underwent examination.
Theresearch participants were sel ected from among the patients
of an audiology outpatient clinic. The qualification criterion
was the willingnessto participate in the research, owning a PC,
basic skillsto operate it, and having an email account. 102 ears
were examined from which 45 (44%) were ears without a
hearing loss, ie, with the hearing threshold of 25dBHL and less,
17 (16.7%) were ears with hearing impairment below 40dBHL,
31 (30.4%) with hearing impairment above 40dBHL and below
70dBHL, and 9 (8.8%) were above 70dBHL. From the group
of 51 patients examined in the first two series, series 3 was
self-administered a home by 37 subjects (73%). The
examinationsin series 1 and 2 were conducted on the same day,
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and examinations from series 3 were conducted up to 196 days
later (median of 9 days). In the case of failure to conduct test
in series 3 in atime of 2-3 weeks, the patients were reminded
by a phone call and then after about 1 month, they were
reminded by an email.

Testsin Clinical Settings

All tests from series 1 were made in an acoustic cabin with the
useof clinical audiometer Interacoustic AD229e and headphones
TDH-39. The calibration of the audiometer was conducted
according to 1S0 389-1:1998. The hearing threshold in pure-tone
audiometry was determined with the use of the ascending
method, according to SO 8253-1:2010. The level of the tone
was reduced in 10dB steps until no further response occurred,
and then it was increased in 5dB steps until the subject
responded. The threshold was defined as the lowest level at
which responses occurred in at least half of the series of
ascending trials with a minimum of two responses required at
that level [13]. The examinations were conducted at the
frequencies of 250Hz, 500Hz, 1kH, 2kHz, 4kHz, and 8kHz [13].

Self-administered Web-Based Test

The examinationsin series 2 and 3 were conducted on personal
computers following their calibration. Both the calibration and
the examination were performed at system volume set at the
maximum level. The calibration consisted of determining the
reference sound level by a person with good hearing. During
calibration, two sounds differing in intensity were presented
bilaterally in turns for 1 second at a frequency of 1kHz. The
differencein sound intensity was stable and equalled 5dB. The
task of the reference person wasto set the volume in away that
ensured that only the louder of the two sounds presented was
audible. The volume was controlled by means of a dider with
the step of 1dB. The reference person could listen to the sound
for unlimited time, adjusting the volume using the slider with
1dB step any number of times, in order to finally confirm the
selected level with a button. The mean intensity of the two
presented sounds determined the hearing level of the reference
person and was marked OdBRP-HL. The reference values at
frequencies differing from the calibration frequency, ie, 1kHz,
were cal culated using the model based on the A-weighting filter
[14].

The procedure of determining the hearing threshold during the
test, both in series 2 and 3, differed from that applied during
calibration. The task of the subject was to set the intensity of
the presented pure tone modulated by sinusoidal envelope with
a2-second period at such alevel that the sound was on the verge
of audibility. Patients could listen to the sound for unlimited
time and change the intensity of the presented sound signal by
themselves using a dider with 5dB step any number of times,
and then confirm the chosen level with a button. The hearing
threshold was determined at frequenciesasin series 1, ie, 250Hz,
500Hz, 1kHz, 2kHz, 4kHz, and 8kHz. For hearing thresholds
below OdBHL-RP, the value was assumed to be OdBHL-RP.
The time spent on calibrating and examinations was not
recorded.

All the examinationsin series 2 were conducted on a notebook
Dell Vostro 1320 with operational system Microsoft Windows

JMed Internet Res 2013 | vol. 15 | iss. 4 |e71 | p.158
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

7 and headphones Technics RP-F290 placed in an acoustic cabin
of an audiology outpatient clinic and connected to the Internet.
The calibration was repeated six times by 3 people whose
hearing threshold in pure-tone audiometry at the calibration
frequency was OdBHL . Each person performed calibration twice.
The final value of the calibration coefficient was determined as
the mean of all values obtained from single calibrations and
was the same for all examinations in series 2. Examinations
were supervised by an audiologist, whose task was to train a
patient and detect hisher mistakes, eg, changing the sides of
headphones, omission of the frequency, or accidental marking
of athreshold that was significantly different from the actual
one.

Examinations in series 3 were conducted by the patients
themselves on their own personal computers at home. Each
examination was conducted on a different computer using
different headphones. The test station was calibrated by other
household members with no previous hearing problems. In that
series, the hearing threshold of the reference person was not
controlled. Thetrial participants wereinstructed to conduct the
test at home in a quiet place, preferably in the evening or at
night. Moreover, they wereinformed that the calibration should
be performed by a person up to 35 years old, with no previous
hearing problems.

Results

Comparison of the Results Between Series

The hearing threshold determined in series 1 was compared to
hearing thresholdsfrom series 2 and 3. If there was no response
at a given frequency, measurement was not taken into account
for further calculations. Figure 1 presents rel ationships between
the series: the relationship between hearing thresholds with
division into frequencies, the rel ationship between total hearing
thresholds, and that between the mean hearing thresholds
calculated on the basis of the value obtained at all the examined
frequencies.

The mean difference between thresholds in series, its standard
deviation, Pearson’s correlation coefficient, and linear estimators
(Table 1) were calcul ated for the rel ationships described above.
Linear estimators were determined for Deming's regression
because the explanatory variable, which constitutes the hearing
threshold in series 1, is aso burdened with measurement error.
The mean difference in the hearing threshold between series 1
and 2 and between series 1 and 3 was —1.54dB and -1.34dB
respectively, with standard deviation 7.88dB and 10.66dB
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respectively, and Pearson’s correlation coefficients .90 and .84
respectively. In both comparisons, the lowest values of Pearson’s
correl ation coefficient were obtained for the frequency of 250Hz
at the level of .88 and .69 respectively. The highest value of the
standard deviation occurred at the frequency of 8kHz (8.88dB)
and 500Hz (12.03dB) respectively. Pearson’s correlation
coefficients cal culated for the mean threshold were at the level
of .94 and .89 respectively (Table 1).

The mean difference between thresholds in series, its standard
deviation, Pearson’s correlation coefficient, and linear estimators
of Deming'’s regression were determined for the hearing loss
below 40dBHL as well as greater than or equal to 40dBHL
(Table 2). Thedivision was made on the basis of the mean value
of the hearing threshold in two comparable series. The mean
difference in the hearing threshold did not exceed 2dB in any
of the groups, and its standard deviation increasestogether with
the increase in the hearing loss. Pearson’s correlation
coefficients reflect changesin the standard deviation and reach
low values due to narrow ranges of random variables compared
to their standard deviations. For the same reason, the values of
linear estimators deviate from the values established for the
whole group.

On the basis of the obtained results, the sensitivity and
specificity of noise-induced hearing loss detection was
calculated, according to the criteria proposed in [15] adopted
for the purposes of this paper. The noise-induced hearing loss
was detected when the hearing threshold exceeded 30dB at one
of the following frequencies: 500Hz, 1kHz, 2kHz, or 25dB at
more than one, or when the hearing threshold exceeded 50dB
at 4Hz. For series 2, the senditivity was 0.92 with confidence
interval of (0.81, 1.0) at P=.05, and the specificity was 0.96
with confidence intervals of (0.88, 1.0) at P=.05. For series 3,
the respective values were sensitivity 0.89 (0.74, 1.0) and
specificity 0.89 (0.76, 1.0).

Analysis of the Measurement Error

This paper attempts to identify and assess the values of the
sources of error in determining the hearing threshold of
Web-based examinations. The literature data on standard
deviation of the hearing threshold determined in test-retest
examinations carried out in clinical settings are presented in
Table 3. On the basis of these data, the value of the standard
deviation of the hearing threshold determined in test-retest
examinations was adopted for the further calculations at the
level of 6dB.
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Table 1. The mean difference min the hearing threshold value between the series calculated on the basis of n data points collected on a group of N
subjects, its standard deviation o, Pearson’s correlation coefficient r and linear estimators a, b of Deming’s regression y=ax+b and corresponding
confidence intervals Cl at P=.05.

f n m o r (Cl) a(crn b(Cl)

Series1vs2, N=51
250Hz 100 -3.70 7.30 .88(0.82,0.92) 1.08 (1.06, 1.09) -5.49 (-5.84, -5.13)
500Hz 101 052 7.20 .88(0.83,0.92) 0.93(0.92,0.94) 2.09(1.83,2.34)
1kHz 101 -4.59 6.91 .92 (0.88,0.94) 0.85 (0.84, 0.86) -1.16 (-1.39, -0.92)
2kHz 101 -2.42 7.22 .93 (0.90, 0.95) 0.95 (0.94, 0.96) -1.18 (-1.44, -0.91)
4kHz 100 215 7.68 .93 (0.90, 0.95) 0.97 (0.96, 0.98) 2.88(2.64,3.12)
8kHz 100 -1.20 8.88 .91 (0.86, 0.94) 0.93(0.92, 0.93) 0.71(0.47, 0.95)
Total 603 -154 7.88 .90 (0.89, 0.92) 0.96 (0.96, 0.96) -0.52 (-0.57, -0.48)
Mean 99 -152 5.42 .94 (0.91, 0.96) 0.94 (0.93, 0.96) -0.23 (-0.46, -0.01)

Series1vs 3, N=37
250Hz 71 -5.07 12.03 .69 (0.55, 0.80) 1.23(1.19, 1.26) -10.42 (-11.14, -9.70)
500Hz 71 -035 10.43 .79 (0.68, 0.86) 1.05(1.03, 1.08) -1.57 (-2.08, -1.05)
1kHz 72 -124 9.28 .85 (0.76, 0.90) 1.01 (0.99, 1.03) -1.49 (-1.96, -1.02)
2kHz 72 -158 10.46 .88(0.81, 0.92) 0.90 (0.87, 0.92) 1.04 (0.48, 1.59)
4kHz 72 -142 10.77 .87 (0.80, 0.92) 0.98 (0.96, 1.00) -0.83 (-1.33, -0.33)
8KHz 71 163 10.05 .88(0.82, 0.93) 1.05 (1.04, 1.07) 0.31(-0.11, 0.73)
Total 429 -134 10.66 .84(0.81, 0.86) 1.02 (1.01, 1.02) -1.71(-1.80, -1.62)
Mean 68 -144 7.59 .89(0.83,0.93) 1.01 (1.00, 1.03) -1.73(-2.14,-1.33)

Table 2. Themean difference min the hearing threshold t between the series cal culated on the basis of n data points collected on agroup of N subjects,
its standard deviation g, Pearson’s correlation coefficient r and linear estimators a, b of Deming’s regression y=ax+b and corresponding confidence
intervals Cl at P=.05 for the hearing threshold below 40dBHL as well as greater than or equal to 40dBHL.

Group n m o r (Cl) a(cl b (Cl)

Series1vs2, N=51

t<40dBHL 498 -145 7.37 .74(0.70, 0.78) 0.84(0.84, 0.84) 1.24(1.19, 1.30)
t>40dBHL 105 -1.99 988 64 (0.51, 0.74) 1.07 (1.04, 1.09) -5.67 (-7.04, —4.30)
Series1vs 3, N=37
t<40dBHL 339 -152 972 58 (0.51, 0.65) 1.11(1.10, 1.12) -3.38(-353,-3.22)
t=40dBHL 90 -0.64 13.67 .44 (0.25, 0.59) 0.66 (0.62, 0.69) 17.59 (15.56, 19.62)
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Figure 1. The relationship between hearing thresholds in series 1 and 2 (first two columns on left) and between series 1 and 3 (last two columns on
right) calculated in agroup of 51 and 37 subjects, respectively.
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Table 3. Standard deviations of the hearing threshold obtained in test-retest examination (literature data) (separate measurements were carried out for

supra-aural headphones (seriesl, 11, 111) and in-ear headphones (1V, V, V1) and for the group of young (series| and V), older (11, V) and the oldest (lI1,
V1) subjects; N=number of subjects) [16-18].
Investigator Series N 250 500 1kHz 2kHz 4kHz 8kHz Mean
Brown 1948 [16] 30 53 44 58 45 54 7.1 54
Erlandsson et al 1979 [17]2 10 63 62 4.7 53 10.4 6.6
Landry et al 1999 [18] I 20 50 46 52 41 43 6.0 5.9
I 10 85 79 52 6.4 95 6.9
11 10 59 54 64 21 6.7 7.1
v 20 88 7.7 46 55 29 3.6
\% 10 71 44 74 55 26 54
VI 10 93 46 33 53 9.0 9.4
Mean 71 57 55 4.8 57 7.0 6.0

3Estimated by comparison with Békésy audiometry performed 5 times on a group of 10 subjects.

Knowing that the variance of the sum of the two independent measurement of the hearing threshold in clinical settings oy;,
random variables X and Y is the sum of their variance (see was calculated at the level of 4.25dB by dividing the 0,g;, by
Multimedia Appendix 1), the standard deviation for asingle {pe square root of two (see Multimedia Appendix 2).
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Therefore, assuming the variability of the hearing threshold
measurement in series 1 g;, at the level of literature data o,
the standard deviation of the measurement error in Web-based
hearing tests for series 2 o;;) was calculated at 6.64dB based
on the value o) and the value oy, which is the standard
deviation of the hearing threshold difference between the values
determined in series 1 and 2. Similarly, for series 3, we obtain
the standard deviation o;;;, equal to 9.78dB (see Multimedia
Appendix 3).

In series 2, the standard deviation of the measurement error
depends mainly on the standard deviation of the error connected
with the procedure of determining threshold value . In series
3, apart from the error connected with the procedure of
determining the threshold value, we can distinguish other
sources of error influencing the standard deviation: the standard
deviation of the calibration error g, which is the reference
sound level evaluation error at the calibration frequency, the
frequency nonlinearity error Opqnin, Which is the difference
between the actual reference sound level and that set by the
model, the gain error Oy, and the error connected with

background noise 0,5 (See Multimedia Appendix 4).

Of course in series 2, the calibration error, frequency
nonlinearity error, and gain error were the samein all tests and
did not influence the value of standard deviation, whilethe error
connected with background noise can be omitted since the tests
were conducted in an acoustic cabin.

Figure 2 shows the standard deviation of threshold differences
between seriesin relation to the hearing threshold for series 1
and the frequency. The lowest values of standard deviationsare

Masalski & Krecicki

observed in small hearing losses, ie, for those measurements
that should be most affected by the background noise. Therefore,
we can assume that the error connected with background noise
is significantly smaller than other components of the
measurement error. In thefollowing considerations, the standard
deviation of error connected with background noise was omitted
(O10iss=0dB), both for series 2 and for series 3.

With the increase in intensity, increment of the standard
deviation of measurement error in series 3 is dightly smaller
than in series 2. In series 2, the standard deviation of the gain
error equals zero since al tests are done on the same set. The
lack of increasein standard deviation in series 3 above the values
observed in series 2 indicates a negligible effect of the gain
error on the measurement val ues (0,;=0dB).

The standard deviation of the calibration error o, can be
estimated by comparing the standard deviationsfor series2 and
3 at the calibration frequency, ie, 1kHz. Sincethe calibration is
performed on the same set as the test, the error connected with
the nonlinearity of the frequency response at the calibration
frequency is zero (4H,0nonin=0dB). Taking into account the
above, we obtain the calibration error o, egual to 6.19dB (see
Multimedia Appendix 5). Finally, knowing the calibration error
Oy and assuming theinsignificance of the error connected with
background noise as well as the gain error, the standard
deviations of the frequency nonlinearity error were calculated.
The highest value 550,0h0niin Was 0bserved at the frequency of
250Hz at the level of 7.28dB (see Multimedia Appendix 5).

No asymmetry of measurement error between the left and right
sides was detected in any of the tests, which could raise
suspicion concerning incorrect audio balance.

Figure 2. Standard deviation of the hearing threshold differences between the series calculated for the group of N subjects in relation to the hearing

threshold evaluated in series 1 (left) and the frequency (right).
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Discussion

The aim of the research was to identify the measurement error
connected with determining the hearing threshold conducted
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by means of self-administered Web-based pure tone audiometry,
aswell asidentify and analyze factors affecting its value.

The average difference between the value of the hearing
threshold determined in series 1 and in series 2 was —1.54dB
with standard deviation of 7.88dB and Pearson’s correlation
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coefficient of .90. Between series 1 and series 3, these values
were —1.35dB+10.66dB and .84 respectively. For the average
hearing threshold, these values were, for series 2
-1.52dB+5.42dB and .94 respectively, and for series 3,
-1.44dB+7.59dB and .89. The results from series 2 are
consistent with the results presented by Honeth et al, who
determined the correlation coefficient of the average hearing
threshold for the group of 72 people at the level of .94 and .93
respectively for theright and left ears[10]. 64 out of 72 people
(89%) were examined on the same test set calibrated by the
same person.

In series 3, the standard deviation values were most influenced
by the error connected with the procedure of determining the
hearing threshold, the same as the error in series 2
(Oproc=6.64dB), the calibration error (0.4=6.19dB), and
additionally at the frequency of 250Hz, the frequency response
nonlinearity error (5040 noniin="-28dB).

The error of determining the hearing threshold during
examination, which consisted of self-adjustment of the position
of the volume dider in 5dB steps, was estimated at the level of
Oproc=6.64dB. The reason for such high error value compared
to the error value of the ascending method (0y;,=4.25dB) may
be attributed to the difficulty connected with self-assessment
of the hearing threshold. Standard deviations between series 1
and 2 as well as between series 1 and 3 increase together with
the increase in the hearing loss (Figure 2). This suggests that
the task of self-evaluation of the hearing threshold proves more
difficult to perform for subjects with moderate and profound
hearing impairment compared to norma hearing subjects.
Replacement of this method with the ascending method will
contribute to improving the accuracy of the examination. The
method of self-evaluation of the hearing threshold was originally
chosen as simpler, faster and more flexible. Consequently, it
was less monotonous and more attractive for the patient.

The purpose in the calibration was to approximate the OdBHL
level at the examined frequencies. The approximation can be
conducted in a number of ways. The reference sound level can
be determined independently for each frequency in relation to
the hearing threshold of the reference person [10]. In this case,
the calibration error at each frequency is burdened with
measurement error of the hearing threshold and the difference
between the hearing threshold of the reference person and
0dBHL. Another solution, which was adopted in this paper, is
to measure the hearing threshold at one frequency, at which
differences between the values of the hearing threshold among
the population are the smallest and then determine the reference
sound level at other frequencies on the basis of the model.
Alternatively, calibration can be performed at a number of
frequencies and the correctness of the caibration may be
assessed based on its accordance with the model. At the same
time, in the case of a large discrepancy between the
measurement results, the calibration can be repeated by another
person or on different headphones. The choice of the optimal
method requires further research.

The calibration also involves the problem of selecting a
procedure for determining the hearing threshold of thereference

http://www.jmir.org/2013/4/e71/
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person. Calibration isusually conducted by young personswith
normal hearing. Therefore, in order to achieve more accurate
calibration results, one can use the procedure requiring greater
hearing efficiency compared to the procedure used in
examination. This study applies calibration consisting in
changing the intensity of two sounds with the stable difference
of 5dB. This method requires considerable concentration and
optimal hearing ability. However, in contrast to the ascending
method, it is not burdened with discretization errors.

Calibration error (0.,=6.19dB) is connected with the error of
hearing threshold assessment G, o, and the standard deviation
in the hearing threshold of the reference persons oy, @ the
calibration frequency, ie, 1kHz. The standard deviation of the
hearing threshold determined by means of the ascending method
among the population of young subjects without prior hearing
problems, O, 4, Can be estimated on the basis of literature
data [19]. The distribution of the hearing threshold at 1kHz
determined for the population of 2490 subjects was
approximated with normal distribution. The standard deviation
was cal culated based on the values of 1st and 3rd quartile at the
level of 0 asc=5.60dB. Assuming the standard deviation of the
ascending method o, is a the level of 4.25dB, we obtain oy,
at 3.65dB and then 0y ¢y a 5.00dB (see Multimedia Appendix
6).

The method of the hearing threshold evaluation used during
calibration (O c=5-000B), despite the possibility of setting
the threshold with the accuracy of 1dB step, is characterized by
a dightly higher error than in the ascending method
0gin=4.25dB, whose step equals 5dB. Therefore, accuracy
improvement of the Web-based examination can be achieved
by modifying the method. Aninteresting solution is offered by,
g, the Békésy’smethod, asit is characterized by lower standard
deviation in the test-retest examination compared to the
ascending method [17], and additionally it is not burdened with
discretization errors.

The frequency nonlinearity error is the difference between the
actual values of the reference sound level and the values
determined by the model. The greatest vaue of
250Hz0monlin= 7 -28dB was observed at 250Hz with the mean value
caculated for al frequencies, excluding the calibration
frequency meanOnonin=4-05dB. The frequency nonlinearity error
is connected with different values of Reference Equivalent
Threshold Sound Pressure Level (RETSPL) of the headphones
used in the examination and the frequency nonlinearity of the
sound card. Thebiggest differences between the RETSPL values
occur at low frequencies[20], aso in the low frequency range,
more often than at mid and high frequencies, frequency
distortion of the sound card can be observed, eg, when bass
boost option or equalizer settings are enabled. Theimprovement
in accuracy, especialy at low frequencies, can be acquired
through selection of headphones for which RETSPL valuesare
known. However, in practice this will be hard to achieve for
tests carried out at home. An alternative solution would be
control determination of the calibration coefficient at low
frequencies and verification against the value determined by
the model.
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Taking into account the significant value of the calibration error
and frequency nonlinearity error, it seemsinteresting to conduct
pure-tone audiometry examination on generally available
appliances with known electro-acoustic parameters, eg,
smartphones. On determining frequency characteristics of the
selected smartphone model with bundled headphones, it seems
possible to omit the calibration stage and thus obtain more
precise examination results.

Web-based pure-tone audiometry can be used without previous
training in its conducting. However, it requires the knowledge
of basic terms such as the hearing threshold or frequency. On
the other hand, an attractive, intuitive and user-friendly interface
can largely replacetraining. Prior to thetestsin series 3, patients
were instructed on how to perform the test and had performed
similar tests before in series 2 under the supervision of an
audiologist. The knowledge of the application could lead to
reduction in the value of the measurement error.
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Multimedia Appendix 1
Variance of the sum of the two independent random variables.
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Multimedia Appendix 2

The standard deviation for a single measurement of the hearing threshold determined by means of the ascending method.
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Multimedia Appendix 3

The standard deviation for a single measurement of the hearing threshold determined in series 2 and series 3.
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Multimedia Appendix 4

Factorsinfluencing the standard deviation of the measurement error of the hearing threshold in the series 2 and 3.
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Multimedia Appendix 5

The standard deviation of the calibration error and frequency nonlinearity error.
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Multimedia Appendix 6

The standard deviation of the hearing evaluation method used during calibration.
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Multimedia Appendix 7
CONSORT-EHEALTH checklist V1.6.2 [21].

[PDF File (Adobe PDF File), 994K B - jmir_v15i4e71 _app7.pdf |

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Swanepoel de W, Hall JW. A systematic review of telehealth applicationsin audiology. Telemed J E Health 2010
Mar;16(2):181-200. [doi: 10.1089/tmj.2009.0111] [Medline: 20187743]

Chung JH, Des Roches CM, Meunier J, Eavey RD. Evaluation of noise-induced hearing loss in young people using a
Web-based survey technique. Pediatrics 2005 Apr;115(4):861-867 [ FREE Full text] [doi: 10.1542/peds.2004-0173] [Medline:
15805356]

Smits C, Kramer SE, Houtgast T. Speech reception thresholds in noise and self-reported hearing disability in a general
adult population. Ear Hear 2006 Oct;27(5):538-549. [doi: 10.1097/01.aud.0000233917.72551.cf] [Medline: 16957503]
Bexelius C, Honeth L, Ekman A, Eriksson M, Sandin S, Bagger-S6back D, et a. Evaluation of an internet-based hearing
test--comparison with established methods for detection of hearing loss. J Med Internet Res 2008;10(4):e32 [EREE Full
text] [doi: 10.2196/jmir.1065] [Medline: 18940783]

Givens GD, Blanarovich A, Murphy T, Simmons S, Blach D, Elangovan S. Internet-based tel e-audiometry system for the
assessment of hearing: apilot study. Telemed J E Health 2003;9(4):375-378. [doi: 10.1089/153056203772744707] [Medline:
14980095]

Swanepoel de W, Mngemane S, Molemong S, Mkwanazi H, Tutshini S. Hearing assessment-reliability, accuracy, and
efficiency of automated audiometry. Telemed J E Health 2010 Jun;16(5):557-563. [doi: 10.1089/tm].2009.0143] [Medline:
20575723]

Smits C, Merkus P, Houtgast T. How we do it: The Dutch functional hearing-screening tests by telephone and internet.
Clin Otolaryngol 2006 Oct;31(5):436-440. [doi: 10.1111/j.1749-4486.2006.01195.x] [Medline: 17014457]

Choi JM, Lee HB, Park CS, Oh SH, Park KS. PC-based tele-audiometry. Telemed J E Health 2007 Oct; 13(5):501-508.
[doi: 10.1089/tmj.2007.0085] [Medline: 17999612]

Kimball SH. Inquiry into online hearing test raises doubts about its validity. Hearing Journal 2008 Mar;61(3):38-46. [doi:
10.1097/01.HJ.0000314717.42321.4a)

Honeth L, Bexelius C, Eriksson M, Sandin S, Litton JE, Rosenhall U, et al. An internet-based hearing test for ssimple
audiometry in nonclinical settings: preliminary validation and proof of principle. Otol Neurotol 2010 Jul;31(5):708-714.
[doi: 10.1097/MAQ.0b013e3181de467a] [Medline: 20458255]

Leensen MC, deLaat JA, Dreschler WA. Speech-in-noise screening testsby internet, part 1: test evaluation for noise-induced
hearing loss identification. Int J Audiol 2011 Nov;50(11):823-834. [doi: 10.3109/14992027.2011.595016] [Medline:
21988504]

Leensen MC, de Laat JA, Snik AF, Dreschler WA. Speech-in-noise screening tests by internet, part 2: improving test
sensitivity for noise-induced hearing loss. Int J Audiol 2011 Nov;50(11):835-848. [doi: 10.3109/14992027.2011.595017]
[Medline: 21970351]

British Society of Audiology. Pure-tone air-conduction and bone-conduction threshol d audiometry with and without masking.
2011. Recommended Procedure URL: http://www.thebsa org.uk/docs/GuidelinesBSA_RP_PTA_FINAL_24Sept11.pdf
[accessed 2012-05-27] [WebCite Cache ID 67yJEIAPI]

International Electrotechnical Commission. Electroacoustics - Sound level meters - Part 2: Pattern evaluation tests. In:
International Standard IEC 61672-2:2003(E). Geneva: 1EC; 2003.

Klockhoff I, Drettner B, Hagelin KW, Lindholm L. A method for computerized classification of pure tone screening
audiometry results in noise-exposed groups. Acta Otolaryngol 1973 Apr;75(4):339-340. [Medline: 4702637]

Brown RE. Experimental studies on the reliability of audiometry. J Laryngol Otol 1948 Aug;62(8):487-524. [Medline:
18876519]

Erlandsson B, Hakanson H, Ivarsson A, Nilsson P. Comparison of the hearing threshold measured by manual pure-tone
and by self-recording (Békésy) audiometry. Audiology 1979;18(5):414-429. [Medline: 496724]

Landry JA, Green WB. Pure-Tone Audiometric Threshold Test-Retest Variability in Young and Elderly Adults. J Speech
Lang Pathol Audiol 1999;23(2):74-80 [FREE Full text]

Engdahl B, Tambs K, Borchgrevink HM, Hoffman HJ. Screened and unscreened hearing threshold levels for the adult
population: resultsfrom the Nord-Trandelag Hearing L oss Study. Int JAudiol 2005 Apr;44(4):213-230. [Medline: 16011050]
Yost YA, Killion MC. Hearing thresholds. In: Crocker MJ, editor. Encyclopedia of acoustics. New York: John Wiley;
1997:1545-1553.

Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. JMed Internet Res 2011;13(4):e126 [FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

http://www.jmir.org/2013/4/e71/ JMed Internet Res 2013 | vol. 15 | iss. 4 [e71 | p.165

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v15i4e71_app7.pdf&filename=1e9d1cae-6a04-45df-8da2-7938a583f0d2.pdf
https://jmir.org/api/download?alt_name=jmir_v15i4e71_app7.pdf&filename=1e9d1cae-6a04-45df-8da2-7938a583f0d2.pdf
http://dx.doi.org/10.1089/tmj.2009.0111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20187743&dopt=Abstract
http://pediatrics.aappublications.org/cgi/pmidlookup?view=long&pmid=15805356
http://dx.doi.org/10.1542/peds.2004-0173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15805356&dopt=Abstract
http://dx.doi.org/10.1097/01.aud.0000233917.72551.cf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16957503&dopt=Abstract
http://www.jmir.org/2008/4/e32/
http://www.jmir.org/2008/4/e32/
http://dx.doi.org/10.2196/jmir.1065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18940783&dopt=Abstract
http://dx.doi.org/10.1089/153056203772744707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14980095&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2009.0143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20575723&dopt=Abstract
http://dx.doi.org/10.1111/j.1749-4486.2006.01195.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17014457&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2007.0085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17999612&dopt=Abstract
http://dx.doi.org/10.1097/01.HJ.0000314717.42321.4a
http://dx.doi.org/10.1097/MAO.0b013e3181de467a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20458255&dopt=Abstract
http://dx.doi.org/10.3109/14992027.2011.595016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21988504&dopt=Abstract
http://dx.doi.org/10.3109/14992027.2011.595017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21970351&dopt=Abstract
http://www.thebsa.org.uk/docs/Guidelines/BSA_RP_PTA_FINAL_24Sept11.pdf
http://www.webcitation.org/67yJElAP1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4702637&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18876519&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=496724&dopt=Abstract
http://www.caslpa.ca/english/resources/database/files/1999_JSLPA_Vol_23/No_02_45-98/Landry_Green_JSLPA_1999.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16011050&dopt=Abstract
http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Masalski & Krecicki

Abbreviations

dBHL : decibel hearing level
RETSPL: Reference Equivalent Threshold Sound Pressure Level

Edited by G Eysenbach; submitted 29.06.12; peer-reviewed by M Eriksson; comments to author 26.09.12; revised version received
04.11.12; accepted 09.02.13; published 12.04.13.

Please cite as:

Masalski M, Krecicki T

Salf-Test Web-Based Pure-Tone Audiometry: Validity Evaluation and Measurement Error Analysis
J Med Internet Res 2013;15(4):€71

URL: http://mwww.jmir.org/2013/4/e71/

doi:10.2196/jmir.2222
PMID: 23583917

©Marcin Masalski, Tomasz Krecicki. Originally published in the Journal of Medical Internet Research (http://www.jmir.org),
12.04.2013. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, alink to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

http://www.jmir.org/2013/4/e71/ JMed Internet Res 2013 | vol. 15 | iss. 4 €71 | p.166
(page number not for citation purposes)

RenderX


http://www.jmir.org/2013/4/e71/
http://dx.doi.org/10.2196/jmir.2222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23583917&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Spyridonis et &

Original Paper

Attitudes of Patients Toward Adoption of 3D Technology in Pain
Assessment: Qualitative Perspective

Fotios Spyridonis™, PhD; Gheorghita Ghinea™, PhD; Andrew O Frank?, FRCP

1Brunel University, Department of Information Systems and Computing, Uxbridge, United Kingdom
2Brunel University, Centre for Research in Rehabilitation, School of Health Studies and Social Care, Uxbridge, United Kingdom
“all authors contributed equally

Corresponding Author:

Fotios Spyridonis, PhD

Brunel University

Department of Information Systems and Computing
Kingston Lane

Uxbridge, UB8 3PH

United Kingdom

Phone: 44 1895265503

Fax: 44 1895251686

Email: fotios.spyridonis@brunel.ac.uk

Abstract

Background: Past research has revealed that insufficient pain assessment could, and often, has negative implications on the
provision of quality health care. While current available clinical approaches have proven to be valid interventions, they are
expensive and can often fail in providing efficient pain measurements. The increase in the prevalence of pain calls for more
intuitive pain assessment solutions. Computerized alternatives have aready been proposed both in the literature and in commerce,
but may lack essential qualities such as accuracy of the collected clinical information and effective patient-clinician interaction.
In response to this concern, 3-dimensional (3D) technology could become the innovative intervention needed to support and
improve the pain assessment process.

Objective: The purpose of thisanalysiswasto describe qualitative findings from a study which was designed to explore patients
perceptions of adopting 3D technology in the assessment of their pain experience related to important themes that might positively
or negatively influence the quality of the pain assessment process.

Methods: The perceptions of 60 individuals with some form of pain in the area of Greater London were collected through
semi-structured interviews. Of the 60 respondents, 24 (43%) produced usable responses and were analyzed for content using
principles of the grounded theory approach and thematic analysis, in order to gain insight into the participants’ beliefsand attitudes
towards adopting 3D technology in pain assessment.

Results: The analysisidentified 4 high-level core themes that were representative of the participants' responses. These themes
indicated that most respondents valued “the potential of 3D technology to facilitate better assessment of pain” as the most useful
outcome of adopting a 3D approach. Respondents also expressed their opinions on the usability of the 3D approach, with no
important concernsreported about its perceived ease of use. Our findingsfinally, showed that respondents appreciated the perceived
clinical utility of the proposed approach, which could further have an influence on their intention to use it.

Conclusions: Thesefindings highlighted factorsthat are seen as essentia for improving the assessment of pain, and demonstrated
the need for a strong focus on patient-clinician communication. The participants of this analysis believed that the introduction of
3D technology in the process might be a useful mechanism for such a positive health care outcome. The study’s findings could
also be used to make recommendations concerning the potential for inclusion of 3D technology in current clinical pain tools for
the purpose of improving the quality of health care.

(J Med I nternet Res 2013;15(4):€55) doi:10.2196/jmir.2427

KEYWORDS

pain assessment; 3-dimensional image; health care systems; health care delivery; patient acceptance of health care; qualitative
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Introduction

Overview

In medical practice, high quality clinical informationisessential
in providing high quality health care. When assessing a patient
for pain, the only valued information that can typically be used
are suggestive descriptions or self-reports from the patient,
which are considered asthe best available source of information
for pain measurement [1]. These, however, are also considered
to be subjective in nature [2], as they are highly influenced by
avariety of psychological and cultural factors[3]. In fact, itis
not uncommon in some patients that psychological problems
may have actually caused some of the pain by adding stressto
the body, or the stress of the pain may have caused
psychologica problems[4]. Asaresult, theability of aclinician
to provide a wholly accurate diagnosis can be, and often is,

Figure1. A completed pain drawing [24].
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undermined dueto inaccurate pain descriptions from the patient.
In response to this, clinicians in primary care have been using
the“pain drawing” shown in Figure 1 asameansto collect and
manage pain information of higher quality.

The Pain Drawing in the M easurement of Pain

The pain drawing has long been applied to the field of pain
documentation [5-9], offering patients the ability to self-record
information about the location and type of pain they are
experiencing on a paper-based diagram of ahuman figure. Such
atopographical representation of painisargued to be very useful
in summarizing patients description of their pain in an
interpretable way for clinicians [5], and can be further used to
better monitor change in patients' pain situation [10]. The
patients typically mark the location of pain experienced on a
blank human diagram, using either specific symbols [11] or
colours[12], in order to indicate various pain types.
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Asaresult of its potential, thistool has been employed over the
yearsto assessavariety of pain-related conditions ranging from
simple back pain to more serious medical problems. In some
instances, the pain drawing was the most used tool to evaluate
the location of back pain [13], and in other instances, the pain
drawing was most commonly used to evaluate pain as a result
of knee osteoarthritis [14] and to examine the association of
depression with spinal stenosis surgery [15].

Neverthel ess, the results from a pan-European consensus report
[16] showed that one in five Europeans (19%) was estimated
to suffer from pain, afigure that seemsto indicate that thereis
still an overal lack of success in its assessment, despite the
benefits of the pain drawing for the intended purpose. This
might be an indication of underdeveloped clinical tools and
limited on-going research with respect to improving them. This
samereport particularly highlighted that the percentage of 2019
people in 15 European countries whose pain was still not
adequately managed was 38%, and suggested that this was
indeed partially owed to the inappropriate and ineffective
management and treatment of pain, which needsto beimproved.

Accordingly, in the pain literature, recent studies similarly
revealed that this situation is existent, evidencing that one of
the most important pain measurement tools, the pain drawing,
has indeed remained highly underdevel oped. In particular, it is
noteworthy that in such studies (eg, [9,17-22] the same
paper-based, 2-dimensiona (2D) human diagram is still being
used as the main means to report and show the location of pain
that can typically occur in any part of our 3-dimensiona (3D)
human body.

This is certainly one of the biggest drawbacks of the pain
drawing, as it implies serious concerns about its performance
when it comes to accurately visualizing patients pain
descriptions. For instance, it is very common for pain to occur
on theinside of athigh, alocation that isnot easily captured in
2D pain drawings. It istherefore expected that a pain reporting
mismatch is present in the current version of the pain drawing,
resulting in (1) patients being unable to accurately report the
pain that they are experiencing, and (2) making the assessment
atime-consuming processwith possibleirrelevant medical data
collected that can lead to the ineffective management of pain.

Results from a number of various studies in the area of
information visualization seem to consent that 2D visualization
isindeed not anymore useful for a complete understanding of
the “object” under investigation, mainly because it lacks the
natural depth cues (eg, perspective, shading, and occlusion)
[23]. Assuch, notwithstanding its advantages, it is essential for
new interventions for more accurate pain assessment to be
developed.

The Need for Adopting 3D Technology

With the emergence of 3D technology, the field of health care
has already adopted 3D technology for avariety of uses, and it
has become one of the most common methods for visualizing
medical information. In the area of information technology, the
3D concept is used to describe areal or imagined environment
that can be experienced visually in the 3 dimensions of width,
height, and depth, and that may additionaly provide an

http://www.jmir.org/2013/4/e55/
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interactive experience. According to [24], 3D technology offers
significant benefits over 2D, in particular: (1) displaying data
in 3D can make it easier for users to manipulate the data, (2)
improvement of the understanding of 3D structures when users
have the ability to manipulate it, and (3) 3D makesit possible
to make the layout of a designed object more consistent with
its intended role and visualize it as perceived in its natural
environment.

Along these lines, researchers have used 3D computer
reconstructionsto eval uate the pathol ogy of aspinal cordinjury
[25] and to construct 3D virtual images from computerized
medical scans [26]. In both examples, 3D technology was
extremely beneficial because the models produced could be
observed from many different viewpoints, while rotation and
zooming features were combined to allow observer navigation
within the tissue of interest. Such feature benefits were
anticipated to provide and improve the depth cues that 2D pain
drawings currently lack.

As opposed to a variety of other areas in health care, until
recently, the traditional 2D pain drawings had never caught up
with 3D technology, thus, it had always been lacking the benefits
mentioned above. Previous work [2,27] attempted to address
thisissue by introducing anovel 3D pain drawing that employed
the aforementioned features in the effort to provide better and
more accurate measurements of pain. This new pain drawing
was evaluated for its usability and user satisfaction in the
self-reporting of pain by different groups of patients suffering
from pain, producing very positive outcomes.

Whileclinicians seem to be embracing 3D technol ogy to support
a wide range of generic clinical activities, it is unclear in the
literature how the category of patients suffering from pain would
actually perceive the adoption of 3D technology in everyday
practice for the intended purpose. To the best of the authors
knowledge, no previous studies exist that have attempted to
investigate this aspect in the context of pain assessment. We
were expecting that this study would produce the same positive
feedback as in the usability testing studies mentioned above,
and that pain sufferers would similarly embrace the benefits
that the 3D pain drawing offers in supporting their everyday
reporting of pain.

Accordingly, in order to address the above issues, the main aim
of the analysis described in this paper wasto identify and report
patients' perceptions of adopting the developed 3D technol ogical
solution supporting improved assessment of pain, in the
anticipation that technology adoption is best predicted by a
patient’s attitudes toward the technol ogy, and perceptions about
its usefulness.

Methods

Design

The above aim was addressed as part of awithin-subjects study
that we conducted with a convenience sample of 3 different
groups of patients [2,27]. Participants from each group of this
study were randomly given the 3D pain drawing of Figure 2
and were asked to useit in order to report their pain experience
at the moment of use. In order to record their perceptions and
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understand the patients’ attitudes with respect to the 3D pain
drawing being adopted into everyday practice for the assessment
of their pain experience, the authors employed a

Figure 2. Example screenshot of the 3D pain drawing used.
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phenomenol ogical approach. Ethical approval was obtained by
both the Brunel University Research Ethics Committee and the
North London 1 Research Ethics Committee.
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Participants and Recruitment

For the purpose of thisanalysis, 3 different patient groups were
targeted. Thefirst group consisted of spinal cord injury patients
(n=15), the second group were patients suffering from
rheumatologic pain (n=13), and the third were individual s with
someform of back pain (n=32). These participant groupstotalled
60 individuals (26 female, 34 male; mean age 47.6 years, SD
12.9), who volunteered to take part in the study.

Recruitment was by convenience sampling—jparticipants were
patientsin the Royal National Orthopaedic and Northwick Park
hospitals, and members of the Hillingdon Independent
Wheelchair User Group, al in the greater area of London. In
order to approach the participants, we contacted the above
organizations' clinical staff and/or administrators and asked
them to recommend a number of people who could potentially
satisfy our expected needs, and thus, take part in the study. The
criteria for selection was that the participant had a medical
condition that involved pain, was 18 years or older, and
experienced some pain during the period of the evaluation.

Of the 60 participantswho were asked to report their perceptions
of using the 3D pain drawing to record their pain experience,

http://www.jmir.org/2013/4/e55/
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RenderX

the perceptions of only 24 (response rate 43%) were deemed
usable and were consequently considered in the subsegquent
analysis.

Instrumentation and Data Collection

Prior to collecting any data, informed consent was obtained
from al participants. They were all given the 3D pain drawing
to evaluate, the results of which are presented in previouswork
of ours[2,27]. For thisstudy, participantswere interviewed one
week after using the 3D pain drawing to review their perceptions
and attitudes towards adopting the technology to report their
pain experience in everyday practice. Participants were not
informed about the specific role of theinterviewer asbeing part
of the 3D pain drawing's development team in this study in
order to avoid any potential risk of biased results, in the sense
that participants could give overly favorable responses.

Semi-structured interviews were chosen for this purpose, as
they are considered a valid and consistent method of data
collection in phenomenological research. Specifically,
participants were offered the opportunity to provide oral
comments and/or suggestions about their experiences in
assessing their pain using the 3D approach, through the
interview questions presented in Textbox 1below.
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Textbox 1. Interview questions agenda.

Spyridonis et al

1. What is your opinion about the pain drawing currently used to report your pain?

1.1. What do you think is the best or worst aspect of this tool, and why?
1.2. What do you think needs most improvement, and why?

2. What is your opinion about the 3D pain drawing you recently used to report your pain?

2.1. What do you think is the best or worst aspect of thistool, and why?
2.2. What do you think needs most improvement, and why?

3. Please state any comments/suggestions that you might have for both tools, if any.

4. What would you want and need from a pain assessment tool ?

The above agenda was developed in order to ensure that
participants would be able to provide their perceptions through
an open-ended discussion that would allow them to focus on
better exploring and communicating their thoughts and needs,
aswell aswould help the authorsidentify issuesrelated to their
attitudes and particular needsregarding a3D pain drawing. The
interviews and data collection were conducted by the same
person, and lasted approximately 20-30 minutes each, all
producing rich information. All responses were recorded using
adigita voice recorder, aong with notes that would allow for
further interpretation of the recorded information.

Coding and Data Analysis

The responses of each participant were analyzed by employing
aqualitative analysis approach, and particularly by combining
thematic analysis with the principles of the grounded theory,
which is a well-established approach in health care research
(eg, [28-31]). Our selection of using the grounded theory lies
in its capacity to help researchers formulate hypotheses or
theories based on studied phenomena, or to discover
participants’ main concerns and how they continually try to
resolveit [32]. Along these lines, identifying factors that could
support the employment of such 3D technological advancements
by patients in the assessment of pain can serve as important
findings for further research studies. To discover what these
factorsare, and considering that thereisalack of prior research
in this context, the grounded theory was employed, as it can
provide the holistic view necessary to capture patients
perceptions from which the aforementioned factors could be
derived.

Accordingly, thematic analysis and principles of the grounded
theory were employed in the following systematic manner.
Initially, the recorded interviews were transcribed and coding
began by following the process of open-coding, whichinvolves
the systematic reading and consideration of every comment
produced by each participant, using aline-by-line analysis[33].
The authors then read and reviewed the data, and subsequently
developed acoding frameto facilitate the grouping of emerging
issues from the datainto core themes. This frame suggested the
development of a core theme on the basis of grouping codes,
which were abstracted from the various participant responses.

http://www.jmir.org/2013/4/e55/

As such, the data that were formed into core themes were the
most relevant to the purpose of this study.

The collected data from each interview were further compared
to each other, and to the data produced by the other interviews
in order to find any similarities and repetitions, or differences
in the emerging issues. Additional grouping codes were added
asnew issues emerged during the comparison process. Inter-rater
reliability scores were not produced since the interviews were
not structured [34].

Lastly, all findingswere extensively re-reviewed by all authors,
in order to validate the data, to gain a high-level understanding
of the collected information that would hel p to identify potential
participant attitudes, as well as reflect on any further
implications and compare with previous work in the pain
literature. All findings were then assessed with a thematic
analysis.

Results

Overview

The thematic analysis produced 4 main high-level core themes
related to the participants’ responsesto the interviews, namely:
(2) better assessment, (2) perceived clinical utility, (3) intention
to use, and (4) perceived ease of use.

The first core theme highlighted the potential that the 3D
approach could offer towards the efforts to better facilitate the
reporting, and thus, the assessment of the pain experience. A
secondary core theme derived further suggested the participants
perceived clinical utility of the 3D pain drawing by focusing
on its capacity to assist them in becoming better stakeholders
in the pain management process.

The third and fourth core themes that were identified brought
totheforethe participants’ intentionsto usethe 3D pain drawing
in their everyday pain assessment routine, and whether they
believed it would be easy for them to systematically interact
with, respectively. Table 1 presentsapool of selected participant
responses that support these results, which are summarized and
elaborated in the discussion that follows.
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Table 1. Selected participant responses and core themes.

Spyridonis et al

Core theme Code Selected responses
Better assessment
Accuracy It (3D approach) allows me to accurately pinpoint any location | choose. [R1]
Clarity (3D approach) is much better in showing where my pain is...the whole body seems to be
closer to reality than the diagram (2D pain drawing) is. [R2]
Clarity You can actually focus better on that one (3D approach), asthe body areaiswell represented
and | can more easily show where my aches are. [R3]
Clarity El'he]fi gure (2D pain drawing) was not adequate. ..| would definitely prefer something better.
R4
Accuracy Being able to moveit (ie, rotate it) and have a closer peek on my different body parts (ie,

Perceived clinical utility

Allows correlation with
activities

Allows correlation with

zoomin/out) makes me feel that | have a much better control of how to show where my pain
is. [R5]

It (3D approach) can allow me to better correlate the pain | am experiencing in certain
parts of my body with the activities that | had been doing. [R6]

It (3D approach) made me realize that | was taking my medication at the wrong time of the

medication day. [R7]
Intention to use
User enthusiasm

User preference

Amazing! The old one (2D pain drawing) should be retired now. [R8]
It (3D approach) ismore“ friendly” to me... | actually prefer this since our body parts are

now easier to see and show. [R9)]

Increases user experience

The diagram (2D pain drawing) is a bit “ cold” , and to be honest, | wouldn’t mind using

something better. [R10]

User preference

| prefer something better than that (2D pain drawing) and | think your tool (3D approach)

is better to show my pain. [R11]

User preference
User preference

Per ceived ease of use

Ease of use
again. [R14]

Now, | would never go back to the old one (2D pain drawing) again. [R12]

| prefer your tool instead of the paper (2D drawing) figure. [R13]

Although it might be a bit hard to learn to use, | would like to see thistool (3D approach)

Better Assessment

Responsesrevealed that participants were generally enthusiastic
about the level of improvement that the 3D approach offered
in assessing their pain experience, which was reported as being
significantly better than its predecessor was. Particularly,
participants highlighted two important feature advancements
of the 3D pain drawing as compared to the 2D one—accuracy
and clarity. The comments that were indicative of this view
(Table 1, R1-R5) generally indicated the extent of the 3D
approach to cover almost all assessment aspects of the existing
conventional 2D pain drawing, while offering an enhanced level
of detail. Building on this, participants overly reported that the
3D approach significantly contributed towards theimprovement
of current pain assessment practices.

Perceived Clinical Utility

This second core theme revedled that participants were
particularly enthusiastic with respect to the ability of the tool
to offer a more accurate and structured means of correlating
activities and medication intake with pain. It has to be pointed
out that the above finding was not a direct result of 3D

http://www.jmir.org/2013/4/e55/

technology usage, but, was instead identified as an indirect
implication of using a 3D tool to report pain.

Specifically, the study reveal ed that participants were provided
the capability to better localize their pain location through 3D
technology, whilst concurrently being able to monitor how
various activitiesimpacted their pain level at that localized body
location. For instance, aparticipant found that she could manage
her pain much better by reducing those activities that led to
intense pain at that certain body location (R6).

Moreover, additional evidence came from another participant
who claimed that he was aso able to better monitor the
progression and type of pain, visavis his prescribed
medi cation/treatment (R7). This observed discrepancy between
medication intake and experienced peaks of pain at certain body
locations, ultimately resulted in that participant reducing his
medication (strong analgesic) by 25%, with no deteriorationin
the pain level sencountered. I ndeed, the reduction of medication
intake as a result of self-monitoring of pain was not a singular
observation, as this was also reported by 5 other members of
our participant group.
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Intention to Use

The evidence produced from participant responses seemed to
suggest that a 3D approach to pain assessment was seen asbeing
of important clinical value to the participants. In fact, the
majority of them were enthusiastic about the capabilities that
the 3D approach provides with respect to better reporting pain
to the clinicians involved in the assessment process, and they
were generally in line with the response provided by one of the
participants (R11) with respect to his preferencefor the 3D pain
drawing to better report his pain experience as opposed to the
2D pain drawing (R9, R11-R13).

Per ceived Ease of Use

The overall responses seemed to indicate that the majority of
the participants did not mention or was not concerned with the
3D pain drawing's potential ease of use. On the contrary, it must
be remarked that from the transcribed responses, the general
trend was that participants were enthusiastic about the
functionality of the 3D pain drawing, with the majority of them
expressing their expectationsfor the 3D drawing to better assist
them in more efficiently reporting their pain.

Discussion

Principal Findings

As the need for quality health care provision continues to
expand, 3D technology can be an efficient and intuitive approach
for improving medical practices. The current paper set out to
explore a qualitative perspective on the attitudes of 24 patients
towards using a 3D pain drawing to report their pain experience,
with a focus on understanding their perceptions and needs
regarding the enhancement of current pain assessment practices
with 3D technological advancements.

The findings from our reported study in the area of pain
assessment suggested that participants generally accepted the
introduction of anovel 3D approach for the purpose of reporting
their pain characteristics as an alternative to the conventional
2D pain drawing, supporting the quantitative findings obtained
in previous studies [2,27]. Specifically, the present findings
revealed that participants generally appreciated the enhanced
ability that the 3D approach offered with regard to reporting
their pain. In particular, participants were enthusiastic about the
capability it provided to better report their pain characteristics
to the involved clinician(s), with results highlighting their
preference and satisfaction in using the 3D approach to better
describe and evaluate their painin relation to everyday activities
and/or medication received. This has led the authors to
hypothesize that its employment in everyday practice could
have a medium-term result, with the consequent improvement
of the patient-clinician communication channel dueto the more
comprehensive communications for both parties using the 3D
approach to assess pain.

Comparison with Prior Work

In order to fit our results in the field of current pain research,
we will compare our findings with those of previous work in
the field. As such, our findings seemed to be consistent with
the results of previous studies that |ooked at the added value of
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using computerized interfaces for pain assessment among
various patients [35-38]. In addition, our study results support
past findings regarding the success of 3D technology in the
management and treatment of pain, where 3D technological
solutions have been effectively used to treat conditions such as
phantom limb pain [39-42], as a distraction technique for burn
pain care [43-45], as an effective aid in reducing pain through
hypnosis [46-48], and to decrease pain in cancer patients
[49-51].

However, our review of the literature has shown that thereis a
paucity of research investigating the use of 3D technology for
the assessment of pain, as opposed to past efforts that focused
solely on the management and treatment aspects. Therefore,
while 3D technology has been extensively used for health data
reporting over the past 20 years, we are unaware of any work
employing 3D technology for the collection of pain-related data,
with the exception of the authors' previous work.

Consequently, the authors' view on this study is that 3D
technol ogy should not be applied to the above identified problem
for the sake of it, but that any new 3D approach should be more
intuitive than the existing solutions for pain assessment, and
just as usable asthe 3D technol ogical toolsfor pain management
and treatment. The hypothesisis that the 3D pain drawing tool
presented in this study could offer a significant improvement
to the current level of patient pain assessment.

Our study, therefore, provided additional qualitative evidence
to further demongtrate the attitudes of patients about the adoption
of 3D technology, and supported the above hypothesis by
showing the important role that it could also play in collecting,
reporting, and assessing their pain experience. The latter has
been shown to be highly valued by those with pain-related
conditions, as shown by this study’s results.

Potential Implications

Our findings seem to suggest that employing a3D approach for
pain assessment practices could, in the medium-term, have
important implications. Specificaly, in line with the authors
anticipation, our overal findings propose that the successful
application of 3D technology in pain assessment could play an
important starting role towards improving the provision of
quality health care.

In particular, considering that individuals with pain often rely
on several health care institutions (eg, hospitals, health, and
socia careinstitutes) for assistance, it isanticipated that the 3D
pain drawing could be adopted by these ingtitutions for the
purpose of assisting the sufferers with their pain reporting by
employing a more efficient and accurate pain assessment tool,
supporting the use of 3D technology in the overal pain
management process.

The capability therefore, offered by the 3D pain drawing is
theorized to have significant implications in clinical practice.
Even if usability issues are present, as one of the participants
suggested (R14), we speculate that most individuals would
overlook this, since the convenience factor associated with it
would outweigh such considerations (eg, there could be less
hospital visits).
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The above assumption is aso supported by the clinicians
involved in the quantitative eval uations of the 3D pain drawings
described in past work [27]. According to their comments, the
possibility of individuals self-reporting their pain might have
very positive implications towards improving the provision of
quality care, since individuals could: (1) remotely monitor the
progression and type of their pain, vis-a-vis their prescribed
medication-a finding also confirmed by the present study’s
results, (2) become better stakeholders in managing their pain,
and (3) also benefit from a psychological point of view.

From another perspective, it is generally accepted that while
the cornerstone to efficient pain management is the successful
assessment of the pain experience, this effort often relieson the
health care professional’s empathy, interest, and understanding
of apatient’s condition at the time of assessment [52]. However,
the clinician’s heavy workload or tiredness, for example, could
often affect the aforementioned aspects. As such, although the
3D approach does not offer a diagnosis, it could potentially
reduce the need for the above constant reliance on the clinician
and ease his/her assessment, through its capacity to facilitate
better pain self-reporting and remote assessment. This could
also potentially ease the congestion and waiting times often
experienced in health care settings, and further contribute to
reducing hospital visits.

It is therefore speculated that the above could first, empower
individuals with pain as aresult of receiving improved quality
of care, and second, could help moderate therole of health care
institutions.

Limitations and Future Work

Apart from the positive findings, this study has also raised
certain limitations and avenues for future work that accordingly
need to be acknowledged. First, we acknowledge that our
participant sample size was relatively small. Unfortunately, it
was rather impractical to recruit alarge number of participants
for this study, as only individual swith pain could be considered.
It would, thus, be beneficial to involve alarger sample, in order
to support amoreinformed study result. Second, it isrecognized
that thefindings of the present study cannot be generalized with
respect to every 3D technology used in health care. However,
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our findings could be used to draw generalized conclusionswith
regard to the usefulness of 3D models, and further the attitudes
of patients towards the adoption of such 3D modelsin order to
record hedth-related findings. Given the limited existing
research effortsin this particul ar area of health care, our findings
may be considerably useful asthey could offer significant insight
and could be used as an important point of reference for future
efforts.

Third, although one of the beneficiaries of this study’s findings
is health care providers, the work presented in this study was
limited to the perceptions of patients admitted to hospitals. As
such, it has to be made clear that since this study was
prototypical, it has not yet been tested in the remaining health
care settings. In retrospect, an attractive future direction would
be the investigation of the 3D approach with patients from the
whole range of health care providers. Finally, future research
may also pay attention to awider range of pain-related medical
conditions by examining the attitudes of, for instance, patients
recovering from surgery or being treated for cancer.

Conclusions

The findings of this study show that, despite past research
efforts, individuals with pain are still not entirely satisfied with
the adequacy of current pain assessment practices. As it has
been revealed by our findings, this could be due to several
factorsincluding theindividuals’ limited understanding of their
pain and the factors that may or may not affect it, aswell asto
their inability to accurately describeit to medical professionals
using the conventional tools.

Consequently, it has been speculated that the use of 3D
technology as an alternative could create the possibility for
individuals with pain to become better stakeholders in the
management of their pain experience. This in turn could have
positiveimplicationstowardsimproving the provision of quality
health care, particularly with respect to contributing towards
time-effective and improved care for individuals with pain.
These findings may be of considerable interest to health care
providers, policy makers, researchers, and other parties that
might be actively involved in the area of pain research and
management.
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Abstract

Background: Effective health communication is important for informed decision-making, yet little is known about the range
of information sources used by persons with multiple sclerosis (MS), the perceived trust in those information sources, or how
this might vary according to patient characteristics.

Objective: We aimed to investigate the sources of health information used by persons with MS, their preferences for the source
of health information, and levels of trust in those information sources. We also aimed to evaluate how these findings varied
according to participant characteristics.

Methods: In 2011, participants in the North American Research Committee on Multiple Sclerosis (NARCOMYS) Registry were
asked about their sources of health information using selected questions adapted from the 2007 Health Information National
Trends (HINTS) survey.

Results: Of 12,974 eligible participants, 66.18% (8586/12,974) completed the questionnaire. Mass media sources, rather than
interpersonal information sources, were the first sources used by 83.22% (5953/7153) of participants for general health topics
and by 68.31% (5026/7357) of participants for MS concerns. Specificaly, the Internet was the first source of health information
for general health issues (5332/7267, 73.40%) and MS (4369/7376, 59.23%). In alogistic regression model, younger age, less
disability, and higher annual income were independently associated with increased odds of use of mass media rather than
interpersonal sources of information first. The most trusted information source was a physician, with 97.94% (8318/8493) reporting
that they trusted a physician some or alot. Information sought included treatment for M S (4470/5663, 78.93%), genera information
about M'S (3378/5405, 62.50%), paying for medical care (1096/4282, 25.59%), where to get medical care (787/4282, 18.38%),
and supports for coping with MS (2775/5031, 55.16%). Nearly 40% (2998/7521) of participants had concerns about the quality
of the information they gathered.

Conclusions: Although physicians remain the most trusted source of health information for people with M S, the Internet isthe
first source of health information for most of them. This has important implications for the dissemination of health information.

(J Med I nternet Res 2013;15(4):€67) doi:10.2196/jmir.2466
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Introduction

When seeking health information, patients use interpersonal
sources including peers, and mass media sources such as the
Internet. Preferred sources of health information vary by age,
ethnicity, socioeconomic status and type of chronic condition
[1-5]. Use of the Internet as a health information source, for
example, variesfrom 35% in Canadians with spinal cord injury
[2], to 62% in rheumatoid arthritis patients from New Jersey,
United States, participating in acommercial health plan [3], to
63-82% in people with multiple sclerosis (MS) from regionsin
the United States and Israel [4,5].

Effective health communication is important for informed
decision-making, yet little is known about the information
sources used by people with MS, the perceived trust in those
sources, or how thismight vary by patient characteristics. Before
their first visit at an MS clinic, 82% of people with MS from
Ohio, United States, gathered information from the Internet [4].
Another study suggested that more disabled people with MS
preferred interaction with health care providers over seeking
information electronically; however, that study focused on
Internet use in a clinic population and did not evaluate the
breadth of information sources used [5].

We aimed to investigate the sources of health information used
by people with MS, their preferences for the source of health
information, and levels of trust in those information sources.
We also aimed to eval uate how these findings varied according
to participant characteristics.

Methods

North American Research Committee on Multiple
Sclerosis Registry

The Consortium of M S Centers devel oped the North American
Research Committee on Multiple Sclerosis (NARCOMYS)
Registry as avoluntary self-report registry for people with MS
[6]. NARCOMS participants agree to the use of their
de-identified data for research purposes, and the Registry is
approved by the Ingtitutional Review Board at the University
of Alabama at Birmingham. Diagnoses of MS were validated
in arandomly selected sample of participants [7]. Participants
enrolled by mailing in a questionnaire or by completing a
questionnaire online [6]. Theresfter, they completed surveys
semi-annually, on paper, or online. At enrollment and on the
semi-annual surveys, participants provided sociodemographic
and clinical information. Disability status was reported using
Patient Determined Disease Steps (PDDS) [8], a validated
measure that correlates well with a physician-scored Expanded
Disability Status Scale (EDSS) [8]. It is scored ordinally from
0 to 8, where a score of 0 approximates an EDSS score of 0, a
score of 3 represents early gait disability without needing an
assistive device and approximates an EDSS score of 4.0t0 4.5;
and scores of 4, 5, and 6 represent EDSS scores of 6 to 6.5.

Questionnaire

In 2011, participants were asked about sources of health
information using questions adapted from the 2007 Health
Information National Trends (HINTS) survey [9]. HINTS was
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devel oped by the National Cancer Institute to evaluate changing
trends in health communication, to assess access to and use of
cancer information, and to evaluate perception of cancer risk
and health behaviors[9]. Thefirst section of the survey queried
information seeking about health topics during the respondents’
most recent search, the second inquired about information
seeking about cancer, and the third focused on Internet use.
Collectively, this survey captured information seeking from
interpersonal and mass media sources. We substituted M S for
cancer in these sections, and substituted M S organizations (such
as the Nationa Multiple Sclerosis Society [NMSS] and
Consortium of Multiple Sclerosis Centers for cancer
organizations. The adapted questions can be reviewed in
Multimedia Appendix 1.

Statistical Analysis

Because of variability in the availability of heath care
information sources and in health care systems worldwide, we
restricted our analysisto NARCOMS participants living in the
United States. Missing responses were not imputed. Note that
some participants did not respond to all questions, and some
data were missing for non-responders; therefore we report the
number of individuals responding to each question throughout.
We summarized categorical variables using frequency (percent)
and continuous variables using mean (standard deviation) or
median (interquartile range) as appropriate.

Use of information sources was tabulated by individual source
where only one choice could be selected, and categorized as
interpersonal  (family, provider, friend, patient advocacy
organization, [10]) or mass media sources (books, newspapers,
brochures, library, magazines, Internet). Using logistic
regression we examined demographic and clinical factors
associated with use of mass mediaversusinterpersonal sources
of information, factors associated with Internet use (yesvsno),
thetypeof information (yesvsno) sought, including information
sought by more than 50% of participants and regarding access
to care. We identified health information sources reported by
>5% of participants as their first information source, and
examined the association between sociodemographic and clinical
characteristics, and level of trust for those information sources
using logistic regression models. For each health information
source, trust was dichotomized as more (alot or some) versus
less (alittle or not at al) [11].

Theindependent variables considered for each regression model
are described below. Race was categorized as white (reference
group), and non-white. Education was included as indicator
variables for high school diploma or less (reference group),
Associate’s Degree or Technical Degree, Bachelor's Degree,
and post-graduate degree. Annual household income was
included asindicator variables for <$15,000 (reference group),
$15,000-29,999, $30,000-49,999, $50,000-100,000, >$100,000,
or declined to answer. Insurance statuswasincluded asindicator
variables for private, public only (reference group), or none.
Region of residence was included as indicator variables for
West (reference group), Midwest, South, and East as defined
by the US Census bureau. Age was categorized as 18-34, 35-49,
50-59, and =60 (reference group) years. Disease duration was
categorized into quartiles, thus 0-16, 17-24, 25-33 and =34
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years. Using PDDS, participants were classified as having mild
(0-2), moderate (3-4), or severe (5-8, reference group) disability
[12]. We dso included a variable indicating whether the
guestionnaire was completed online or on paper.

Assumptions of models were tested using standard methods
[13]. For each model, we reported a c-statistic as a measure of
discriminating ability (estimate of areaunder the curve) and the
Hosmer Lemeshow test as a measure of goodness of fit.
Analyses were performed using SAS V9.2.

Results

Respondents

Of 12,974 €ligible participants, 8586/12,974 (66.18%)
responded. The demographic and clinical characteristics of the
responders are summarized in Table 1. As compared to
responders, non-responders were more likely to be women
(80.90%, 3542/4378 vs 77.56%, 6650/8574, P<.0001), and of
lower socioeconomic status (annual income at enrollment
<$15,000; 458/4219, 10.86% vs 795/8176, 9.72%, P=.047).
Non-responders had alower age of symptom onset (mean 30.0,
SD 9.7 years) than responders (mean 30.9, SD 10.0 years), and
alower age of diagnosis (mean 37.7, SD 9.8 vs mean 38.5, SD
9.7, both P<.0001). Although these differences were statistically
significant, the differencesin the absolute values were so small
that they were unlikely to be clinically significant. Responders
and non-responders did not differ with respect to the severity
of disability at enrollment.

Information Sources

Eighty-nine percent of respondents (7512/8439) reported ever
seeking information about health or medical topics from any
source. Participantswho compl eted the survey onlinewere more
likely to answer thisquestion affirmatively (5291/5635, 93.90%)
than those who did not (2221/2951, 75.26%, P<.0001).
Similarly, 88.13% (7459/8464) reported that they had ever
sought information about MS specifically, and such
information-seeking behavior was greater among participants
who completed the survey online (5157/5610, 91.92%) versus
paper (2302/2854, 80.66%, P<.0001)

Table 2 shows the first source that participants went to for
information about general health or medical topics, for the most
recent time that they sought information. The Internet was the
most common choice, reported by 73.37% (5332/7267) of
participants who responded to the question and correctly selected
only one choice. The second choice was health care providers
(8.48%, 616/7267), followed by the NM SS (400/7267, 5.50%).
The Internet was a less common first source of information
regarding MS specifically, being reported by 4369/7267
(59.23%) of participants. Health care providers remained the
second choice (1127/7376, 15.28%) and the NM SS remained
the third choice (962/7376, 13.04%).

For further analysis, information sources were categorized as
interpersonal or mass media Mass media was the first
information source used by 83.22% (5953/7153) of participants
for genera health topics and by 68.31% (5026/7357) of
participants for MS concerns. On univariate analysis,
characteristics associated with greater mass media use were
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female sex (P=.0048), younger age (P<.0001), greater than a
high school education (P<.0001), higher annua income
(P<.0001), survey completion online (P<.0001), and less
disability (P<.0001). In a logistic regression model, younger
age, less disability, and higher annua income were
independently associated with increased odds of use of mass
media rather than interpersonal sources of information first
(Table 3).

Health I nfor mation Sought

Partici pants sought abroad range of information regarding M S,
including general aspects of MS, treatment, access to health
care, and support for coping with MS (Table 4). Using
multivariable logistic regression, we evaluated the association
between participant characteristics and the types of information
sought by more than 50% of participants (Multimedia A ppendix
2). Consistently, higher socioeconomic status was associated
with lower odds of searching for information. Lower levels of
disability were associated with increased odds of searching for
information about symptoms, whilelonger disease duration was
associated with decreased odds of searching for information
about coping and symptoms.

Information regarding accessto care was a so sought frequently
on topics including paying for medica care (1096/4282,
25.59%), insurance (1008/4393, 22.95%), and where to get
medical care (787/4282, 18.38%). Using logistic regression,
lower socioeconomic status was consistently associated with
searching for information regarding accessto care (Multimedia
Appendix 3).

Internet Use

Most participants had accessed the Internet or used emall
(7292/8469, 86.10%), with more than 60% (4736) indicating
that they accessed the Internet several times a day. Participants
who completed the questionnaire online used the Internet more
frequently than those who compl eted the questionnaire on paper
(linear trend P<.0001). Using logistic regression, younger age,
higher educational level, higher annual income, and milder
disability<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>