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Abstract

Background: Prevention of depression isimportant due to the substantial burden of disease associated with it. To this end, we
developed a novel, brief, and low-threshold Web-based self-help approach for depressive complaints called complaint-directed
mini-interventions (CDMIs). These CDMIsfocuson highly prevalent complaintsthat are demonstrably associated with depression
and have a substantial economic impact: stress, sleep problems, and worry.

Objective:  The aim was to evaluate the effectiveness of the Web-based self-help CDMIs in a sample of adults with
mild-to-moderate depressive symptoms compared to a wait-list control group.

Methods: A two-armed randomized controlled trial was conducted. An open recruitment strategy was used. Participants were
randomized to either the Web-based CDMIs or the no-intervention wait-list control group. The CDMIs are online, unguided,
self-help interventions, largely based on cognitive behavioral techniques, which consist of 3 to 4 modules with up to 6 exercises
per module. Participants are free to choose between the modules and exercises. Assessments, using self-report questionnaires,
took place at baseline and at 3 and 6 months after baseline. The control group was given access to the intervention following the
3-month assessment. The primary goal of the CDMIsisto reduce depressive complaints. The primary outcome of the study was
a reduction in depressive complaints as measured by the Inventory of Depressive Symptomatology Self-Report (IDS-SR).
Secondary outcomesincluded reductionsin stress, worry, sleep problems, and anxiety complaints, and improvementsin well-being.
Data were analyzed using linear mixed models.

Results: In total, 329 participants enrolled in the trial, of which 165 were randomized to the intervention group and 164 to the
control group. Approximately three-quarters of the intervention group actually created an account. Of these participants, 91.3%
(116/127) logged into their chosen CDMI at least once during the 3-month intervention period (median 3, range 0-166). After 3
months, there was a significant reduction in depressive symptomatology for participants in the intervention group compared to
participants in the wait-list control group (reduction in depression: mean —4.47, 95% Cl —6.54 to —2.40; Cohen d=-0.70).
Furthermore, significant effects were observed for sleep problems, worry, anxiety, and well-being, with effect sizes ranging from
—0.29 to —0.40. Theintervention did not significantly reduce stress. At 6-month follow-up, the improvements in the intervention
group were generally sustained.
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Conclusions:

Lokman et d

This study shows that the online self-help CDMIs have a positive impact on various mental health outcomes.

Future research should focus on which specific strategies may boost adherence, and increase the reach of the CDMIs among

people with low socioeconomic status.

ClinicalTrial: Netherlands Trial Register (NTR): NTR4612; http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=4612
(Archived by WebCite at http://www.webcitation.org/6n4PVY ddM)

(J Med Internet Res 2017;19(1):e4) doi:10.2196/jmir.6581
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Introduction

Depressive disorders are highly prevalent and are estimated to
affect approximately 350 million people worldwide [1-3].
Depression is among the leading causes of disease burden
globally [4]. Depression is also associated with substantial
societal costs, with depression-related costsin Europe estimated
at €92 billion annually [5].

Currently available effective pharmacol ogical and psychological
treatments only moderately reduce the enormous burden of
disease associated with depression [6,7]. Therefore, interest in
approaches to prevent depressive disorders has been growing.
Meta-analytic studiesindicate that preventiveinterventions can
be effective in reducing the incidence rate of depressive
disorders [8-10]. Moreover, depression prevention appears to
be cost-effective and may even be cost-saving from a societal
perspective [11,12].

However, the reach of preventive menta health interventions
is far from optimal, particularly in the population with low
socioeconomic status (SES), among whom the incidence and
prevalence rates of depression are especialy high [13-15]. In
the Netherlands, for example, the lifetime prevalence of
depression in the low SES population is 21.4% compared to
15.2% in the population with high SES [16]. There is a heed
for preventiveinterventionsthat can easily beimplemented with
limited costs and are suitable for a broad range of target
populations. This has led to the development of the
complaint-directed mini-interventions (CDMIs). These brief
and low-threshold interventions focus on highly prevalent
complaints that are demonstrably associated with depression,
have a substantial economic impact, and are also frequently
presented to the general practitioner (GP): psychological stress,
sleep problems, and worry [17-21].

In line with recent symptom-network and transdiagnostic
approaches to mental disorders [22-24], the unique feature of
the CDMIs as an approach for depression is that they were
developed by taking into account that symptoms preceding or
underlying depression may not be disorder-specific (eg, worry)
and may also vary by individual. Therefore, they are oriented
toward complaints (symptoms) rather than disorders, thus
allowing each individual to choose the complaint(s) they want
to focus on.

In addition, CDMI participants are also free to choose which
modules and exercisesthey want to do and in what order, rather
than having to adhere to afixed set of modulesthat are offered
in asequential manner. Thislatter feature of the CDMIs, which

http://www.jmir.org/2017/1/e4/

allows users to choose, has been employed in other online
interventions [25,26]. Possible advantages are more user
satisfaction and insight into which individual modules are of
most use to users of the intervention.

The CDMIswereinitialy developed as group interventionsand
preliminary findings of apilot study with asingle-group pre-post
design showed reductions in symptoms of depression, sleep,
stress, and worry [27]. Importantly, interest in the CDMIswas
high as evidenced by the rapid recruitment of participantsinto
the pilot study. These findings prompted the development of
an unguided Web-based self-help version of the CDMIs, with
the potential to reach a large number of people at low cost.
Previous findings show that online self-help interventions for
depression and depressive symptoms can be effective [28].
Although guided interventions generally show larger effect sizes
and adherence rates than unguided interventions [29-31], we
expected the preference-based and low-threshold nature of the
CDMIs to be a novel and potentially effective approach for
depressive symptoms.

The primary aim of thistria was to evaluate the effectiveness
of the Web-based unguided self-help CDMIs in a sample of
adults with mild-to-moderate depressive symptomatology
compared to await-list control group. We hypothesized agreater
reduction in depressive complaints for the participants using
the online CDMIs. A secondary aim was to eval uate the effects
of the CDMIs on stress, worry, sleep, anxiety, and well-being.

Methods

Design

A two-armed randomized controlled trial (RCT) was conducted
that compared the effectiveness of the Web-based CDMIswith
a no-intervention wait-listed control group that had unlimited
access to usual care. Participants were assessed at three time
points. at baseline and at 3- and 6-month follow-ups. The trial
is reported in accordance with the CONSORT-EHEALTH
checklist V1.6.1 (see Multimedia Appendix 1). The Medical
Ethics Committee of the University Medical Center Utrecht
approved the study protocol in 2014, and thetrial wasregistered
at the Netherlands Trial Register on May 27, 2014 (No:
NTR4612).

Eligibility Criteria

Participants were eligible for participation if they were adults
(=18 years), had access to a computer with an Internet
connection, sufficient proficiency of the Dutch language,
adequate computer skills to participate in the training, and
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mild-to-moderate depressive symptoms defined as a score of
14 to 38 on the Inventory of Depressive Symptomatology
Self-Report (IDS-SR) [32,33]. These IDS-SR cut-off scores
imply that the CDMIs in this study were used for, at least but
not limited to, an indicated preventive purpose. Suicidal thoughts
or plans, asmeasured with item 18 of the IDS-SR, were areason
for exclusion (a score of >1 was used; initially a score of >0
was used, but this was deemed too strict). If participants
indicated they had suicidal thoughtsor plans, they were advised
to contact their GP or an anonymous online platform for people
with suicidal thoughts or behaviors (1130nline [34]).

Recruitment and Procedures

Participants were recruited from June 2014 to January 2015 via
open recruitment (ie, through relevant websites, messages on
social media, and messagesin digital newd etters of the Trimbos
Intitute). People interested in participation were referred to a
special study website where they were given more information
about the study and could register to take part in the study by
completing a written or an online informed consent form
including their name and email address. Once informed consent
wasgiven, thedigibility criteriawere assessed. Applicantswere
requested to complete the first part of the self-report online
baseline questionnaire, which acted as a screening instrument
and consisted of the IDS-SR and questions about age, Internet
access, and computer skills. People who did not fulfill the
inclusion criteria were informed during or immediately after
completing the first part of the baseline questionnaire and the
reason for exclusion was provided.

Eligible participants received the second part of the online
baseline questionnaire. To be randomized, the applicants were
required to complete the entire baseline questionnaire. To be
able to conduct the stratified block randomization, applicants
were asked which CDMI they would want to take part in (“sleep
better,” “stress less,” or “worry less’). Randomization to the
intervention group or control group occurred automatically
using a 1:1 ratio. Directly after randomization, participants
allocated to the experimental condition received an email with
an activation codefor creating an online account that gave them
access to the CDMI of their choice. The account was valid for
oneyear. Participantsin the control condition were sent an email
with the outcome of the randomization, including the message
that the CDM I would become accessible to them after 3 months.

Intervention

The CDMIs are Web-based self-help interventions without
therapist guidance [35], developed by the Trimbos Institute, a
nonprofit organization. There arethree different CDMIs: “Sleep
better,” “stressless,” and “worry less” The CDMIstarget people
with mild-to-moderate symptoms of depression who experience
problemswith sleep, stress, or worry. Intheinterventions, users
learn to better understand and deal with the problem of their
choice. In fact, a unique feature of the CDMIs as an approach
for depressive symptoms is that they were developed taking
into account that symptoms of depression or a developing
depression vary by individua. Therefore, they are
complaint-focused rather than disorder-focused, thus participants
can choose the CDMI they want to use based on their personal
needs and do not have to use CDMIs that are not relevant to
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their situation. The primary goal of the CDMIsis to reduce or
prevent depressive complaints. Secondary goals are to reduce
sleep problems, stress, or worry.

The content of the CDMIs is largely based on cognitive
behavioral techniques and incorporates elements from
sol ution-focused therapy, mindfulness, and positive psychol ogy.
The CDMIsare made up of threeto four modules, each module
consisting of four to six exercises. Some modules are relevant
for sleep, stress, and worry and are, therefore, part of al three
CDMIs (eg, the module “relaxation”). Fixed elementsin every
CDMI are a home page, adiary, alist with the user’s favorite
exercises, an exercise book, ato-do list, and alibrary. A more
detailed account of the CDMI s (including screenshots) can be
found in Multimedia Appendix 2. To gain accesstothe CDMIs,
an account had to be created by entering a username and email
address. Users were free to choose between the modules and
exercises and could work independently through the CDMI,
without supervision. The advised amount of time to spend on
the CDMI was 2 to 3 hours a week for a period of at least 4
weeks.

In case any assistance was needed during the study, a contact
form on the website of the CDMI s could be used or participants
in the study could email or call one of the researchers.
Participants were allowed to use any other type of care in
addition to the online CDMIs.

Control Group

Participants in the control group were placed on a waiting list
and received access to the online CDMI of their choice after 3
months (following the 3-month postbaseline assessment). The
wait-listed participants were aware of this procedure.
Participantsin the control group were also free to use any other
types of care.

Outcomes

Measurements

Participants received an email with apersonal link to the online
guestionnaires at baseline (T0) and at 3 and 6 months after
baseline (T1 and T2). At every assessment, up to three reminder
emails were sent and a reminder phone call was made in case
participants did not complete the survey. If there was an
indication of suicidal thoughts or plans during the measurement
a T1 or T2, these participants were given the same
recommendation as at baseline, namely to contact their GP or
an anonymous online platform for people with suicidal thoughts
or behaviors (1130nline [34]). After completion of the
guestionnaire at T1, the participants in the control condition
gained accessto the CDMI s provided that they had no suicidal
thoughts or plans and no severe depressive symptoms (ie, score
>39 on the IDS-SR) as measured at the 3-month postbaseline
assessment. Six months after baseline there was an additional
assessment (T2) to ascertain whether the effects of the CDMIs
were sustained in the experimental condition and to obtain a
postintervention measurement in the control condition. The
primary and secondary outcomes were assessed at each
measurement point.
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Primary Outcome

The primary outcome of the study was depressive
symptomatology as measured by the IDS-SR [32,33]. The
IDS-SR consists of 30 itemsrelating to thelast 7 daysthat cover
nine diagnostic symptom domains used to characterize a major
depressive episode as well as items to define melancholic and
atypical symptom features, commonly associated symptoms
(eg, irritability, anxiety), and features of endogenous symptoms
defined by the Research Diagnostic Criteria [36]. Items are
scored on afour-point Likert scale and can be summed to obtain
atotal score. Scores range from zero to 84, with higher scores
indicating greater depressive symptom severity.

Secondary Outcomes

Secondary outcomes consisted of the complaints targeted by
the CDMIs and additional psychological outcomes, namely
deep problems, stress, worry, anxiety symptoms, and
well-being.

To determine the frequency of dleep problems, the Jenkins Sleep
Evaluation Questionnaire (JSEQ) was used [37].This
guestionnaire assesses the frequency of sleep problems in the
past month and has been shown to have good internal
consistency [27,37]. It consists of four items that are rated on
asix-point scale (O=not at all; 5=22-31 days). To obtain atotal
score, theitems are summed. Hence, the range of thetotal score
is zero to 20, with higher scores representing greater sleep
disturbance.

Stress was evaluated with the Perceived Stress Scale (PSS-10)
[38]. The PSS consists of 10 questions and measuresthe degree
towhich situationsin one'slife are appraised as stressful. People
are asked to rate on a scale of zero to four (O=never; 4=very
often) how often they experienced specific feelings and thoughts
during the last month. Scores are summed to produce a total
score ranging from zero to 40, with higher scores indicating
more stress. Internal consistency has been found to be good
(Cronbach alpharange .78-.90) [27,39].

The Penn State Worry Questionnaire (PSWQ) was used to assess
theintensity, excessiveness, and uncontrollability of worry [40].
This version consists of 11 items. Respondents can indicate to
what degree each item applies to them by giving a score on a
five-point Likert scale (1=not at all typical of me; 5=very typical
of me). A total scoreis computed by summing all items (range
11-55), with higher scores indicating a stronger tendency to
worry. This instrument shows good psychometric properties
including Cronbach apha as high as .93 [40-43].

For ng the severity of anxiety symptoms, the Generalized
Anxiety Disorder Scale (GAD-7) was used [44,45]. Respondents
are asked to rate seven items over the last 2 weeks on a
four-point scale (O=not at all sure; 4=nearly every day). The
sum of the seven items represents the total score (range 0-28),
with higher scores defining a higher level of anxiety severity.
Internal validity isgood (Cronbach alpharange .88-.92) [27,45].

Well-being was measured with the Warwick-Edinburgh Mental
Well-being Scale (WEMWBS) [46]. All 14 items of this scale
are positively worded, cover topics of positive mental health,
and show good reliability [27,47]. Items are scored on a
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five-point Likert scale and summed to obtain atotal score, which
ranges from 14 to 70. Higher scores indicate a higher state of
well-being.

Covariates and | lIness Characteristics

Demographic variables were assessed at baseline. Data on age
(in years), gender (male/female), living arrangements
(singlefliving together), educational level (low/high), work
status (paid/unpaid), and grosswage (more/lessthan €2618, the
average monthly Dutch income for 2014) were obtained.
Duration of complaints was assessed with an item using a
five-point scale asking “how long have the complaints been
present?’ and dichotomized into less than 1 year (O=a few
weeks; 1=a few months; 2=6 months to a year) or 1 year or
longer (3=approximately one year; 4=more than one year).
Severity of complaints was assessed by an item asking
participants to rate their experienced symptom severity level
on a five-point scale. Severity of complaints was merged into
two categories. low severity (O=not or 1=rather severe) and high
severity (2=severe, 3=more than severe, or 4=very severe).

Use of and Satisfaction With | ntervention

At the 3-month assessment (T1), the participants in the
intervention group were asked to rate 15 statements covering
satisfaction with the content, effects, usefulness, and overall
satisfaction with the CDMIs. Suggestions for improving the
intervention were also elicited. Itemswererated on afive-point
scale (1=completely disagree; 5=completely agree). An example
of an item is “The intervention helped me deal with my
complaints” Overall satisfaction with theintervention wasrated
on ascale oneto 10 (1=not at al satisfied; 10=very satisfied).
Furthermore, participants were asked to estimate the number
of minutes that they spent, on average, using the intervention
during the 3-month intervention period. For the control group,
the satisfaction and use questions were incorporated in the
6-month assessment because they gained access to the CDMI
following the T1 assessment. In addition, user logs were used
to determine the number of log-ins per participant.

Sample Size

Based on Lipsey and Wilson [48], we aimed to detect a
standardized effect size (Cohen d) of at least 0.33, which
corresponds to the lower bound of a medium effect size. To
achieve this effect size of 0.33 with a power of 0.80 and a
two-tailed test with apha of .05, a sample size of 146
participants per condition was needed, thus 292 participantsin
total. The sample size was calculated prior to the start of the
study using Stataversion 12.1.

Randomization

To guarantee an even distribution of participants with different
complaintsand education level acrossthetwo study conditions,
stratified block randomization was used. The block
randomization was conducted in a block size of six, stratified
by two blocksfor level of education (low, high) and three blocks
for the preferred type of CDMI intervention (stress, sleep
problems, or worry). A computer-generated random allocation
sequence was obtained using RANDOM.ORG, which was
performed and handled by an independent researcher outside
of the research team.
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Blinding
The participants could not be blinded because they needed to

be informed about whether they could start immediately after
randomization or after 3 months.

Statistical Analysis

Descriptive statistics were used to describe the characteristics
of the study sample at baseline. Attrition analysiswas conducted
by comparing demographic characteristics and primary and
secondary outcome variables of the participants who completed
the questionnaire at T1 with those who did not completethe T1
assessment. For this purpose, differences between the groups
were tested using independent t tests and chi-square statistics.

Analyses of the effectiveness of the CDMIs were carried out
according to the intention-to-treat principle. Linear mixed
models were used to estimate the effects of the CDMIs on the
primary and secondary outcomes. Thistechnique allowsfor the
correlation between longitudinal dataand usesall available data
points, thus not discarding cases dueto amissing value. Missing
valuesare accounted for using the maximum likelihood method
to estimate coefficients. A random intercept was fitted with an
identity covariance structure. Time was defined as the
within-group factor and the study condition (CDMI or wait-list)
as the between-groups factor. The mean difference in the
outcomes between the study conditions over time is expressed
by the conditionxtime interaction.

The 6-month follow-up data were analyzed separately for the
intervention and control group (ie, only within-group changes
analyzed) because the control group had gained access to the
CDMI intervention by that time. Growth curveswere examined
to determine whether any effects in the intervention group
remained or increased at 6 months (ie, no significant decrease
in effect between T1 and T2) and whether effects increased in

http://www.jmir.org/2017/1/e4/
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the control group after the 3-month follow-up (ie, significant
increase in effect between T1 and T2). An exploratory analysis
was undertaken into the relationship between intervention use
(number of log-ins) and effectiveness within the intervention
group during the 6-month intervention period. To this end, the
interaction between use and time was tested in a linear mixed
model.

All analyses were adjusted for baseline demographic factors
(age, gender, living arrangement, and education level).
Adjustments were also made for factors that were related to
dropout asindicated by the attrition analysis. Standardized effect
sizes (Cohen d) were calculated using the estimated (adjusted)
mean differences of the outcomesfrom the linear mixed models
divided by the pooled standard deviation of the outcomes at
baseline. Analyses were performed using SPSS version 22 and
Stataversion 12.1 statistical software packages.

Results

Recruitment of Participants

In total, 525 people showed interest in the study by giving their
informed consent. These individuals were invited to complete
the first (screening) part of the baseline questionnaire.
Sixty-three people did not complete the baseline questionnaire
and were excluded from the study. Another 133 people did not
meet the inclusion criteria, primarily because of too few or too
many depressive symptoms or because of the presence of
suicidal thoughts or behaviors. This resulted in a study
population of 329 participants, of which 165 were randomized
to the experimental condition and 164 to the control condition.
Of the 165 participants in the experimental condition, 59
participated in the sleep CDMI, 45 participated in the stress
CDMI, and 61 participated in theworry CDMI. Figure 1 shows
the flow of participants during the trial.
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Figure 1. Flowchart of participants. CDMI: complaint-directed mini-intervention; IDS-SR: Inventory of Depressive Symptomatology Self-Report.
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Table 1. Baseline characteristics of the participants in the complaint-directed mini-intervention (CDMI) and control groups (N=329).

Characteristic CDMI (n=165) Control (n=164)
Age (years)

Mean (SD) 42.85(12.83) 43.65 (13.05)

Range 18-76 18-81
Gender, n (%)

Female 122 (73.9) 127 (77.4)

Male 43(26.1) 37(22.6)
Marital status, n (%)

Single 83 (50.3) 84 (51.2)

Living with partner 82 (49.7) 80 (48.8)
Nationality, n (%)

Dutch 2(L8) 4(2.4)

Other 163 (98.2) 160 (97.6)
Living arrangement, n (%)

Alone 40 (24.2) 39(23.8)

With others 125 (75.8) 125 (76.2)
Education, n (%)

Low 47 (27.4) 45 (28.5)

High 118 (72.6) 119 (71.5)
Income, n (%)

Low 50 (30.3) 48(29.3)

High 115 (69.7) 116 (70.7)
Employment, n (%)

Paid 116 (70.3) 117 (71.3)

No paid 49 (29.7) 47 (28.7)
Duration complaints, n (%)

<1year 59 (35.8) 63(38.4)

>1 year 106 (64.2) 101 (61.6)
Severity complaints, n (%)

Low 68 (41.2) 83 (50.6)

High 97 (58.8) 81 (49.4)

Attrition At T2, 150 participants completed the questionnaire (dropout

At T1, data were available for 237 participants (dropout rate
28.0%, 92/329). Theloss of participantsat T1 wassignificantly
higher in the experimental condition (41.2%, 68/165) compared
to the control condition (14.6%, 24/164; x*,=28.8, P<.001).
Analysis of baseline factors showed there was a significant
association between baseline anxiety scores and attrition. The
mean score on the GAD-7 at TO was 1.2 points lower in
participants who completed the T1 assessment as compared to
those who did not (tz,7=—2.45, P=.02). Consequently, we
adjusted for this variable in al analyses. Ten participants
indicated suicidal thoughts or plans at T1, of which eight
bel onged to the control condition and hence did not gain access
tothe CDMIs.

http://www.jmir.org/2017/1/e4/

rate 54.4%, 179/329). Again, attrition was higher in the
experimental condition (58.8%, 97/165) than in the control
condition (50.0%, 82/164), but this difference was not
significant. Suicidal thoughts or plans were indicated by seven
participants at T2: five from the experimental condition and
two from the control condition.

Effectiveness of the I ntervention

The observed and estimated marginal means (estimated means
adjusted for all factorsinthe mode!) for all outcomes at baseline
and 3-month follow-up are presented in Table 2. The results of
the linear mixed models analysis showed significant
timexintervention effects for all outcomes except stress (see
Table 3). Thismeansthat greater reductionsin depression, sleep
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problems, worry, and anxiety were detected between baseline
and the 3-month follow-up in the intervention group compared
to the control group. Moreover, greater improvements in
well-being were observed over time in the intervention group.
The intervention did not have a significant effect on stress

Lokman et d

complaints. The standardized effect sizefor the primary outcome
of depression was large (Cohen d=-0.70). The magnitude of
the effect sizes for the secondary outcomes were generaly in
the small-to-medium range across the outcomes (Cohen d=—0.20

t0 0.40).

Table 2. Observed and estimated marginal means (EMM) of the outcomes at baseline and 3-month follow-up.

QOutcome Observed means, mean (SD)

CDMIPintervention (n=165) Control (n=164)

Estimated means, EMM (SEM?)

CDM I intervention (n=165) Control (n=164)

Depression (IDS-SR

Baseline 26.08 (6.53)

3 months 20.34 (9.54)
Sleep (JSEQ”)

Baseline 11.61 (5.42)

3 months 8.91 (5.25)
Stress (PSSY)

Baseline 21.82 (5.86)

3 months 17.71 (6.54)
Worry (PSWQf)

Baseline 37.76 (9.26)

3 months 32.46 (10.07)

Anxiety (GAD-79)
Basdine 10.09 (4.16)
3 months 6.37 (4.27)

Well-being (WEMWBS")
Baseline 42.99 (6.03)
3 months 46.53 (7.73)

25.01 (6.16)
24.28 (9.40)

11.21 (5.34)
10.62 (5.41)

21.48 (5.37)
18.97 (5.73)

38.28 (9.61)
36.44 (9.70)

10.04 (3.73)
7.76 (4.06)

43.66 (6.67)
44.34 (7.38)

25.69 (0.64)
20.35 (0.79)

11.98 (0.48)
9.48 (0.55)

2153 (0.47)
17.87 (0.57)

36.92 (0.77)
31.88 (0.89)

10.24 (0.35)
6.87 (0.42)

42.84 (0.60)
46.17 (0.73)

24.91 (0.65)
24.04 (0.69)

11.78 (0.48)
11.03 (0.50)

21.35 (0.48)
18.80 (0.50)

37.61(0.78)
35.81 (0.81)

10.42 (0.35)
8.19 (0.37)

43.25 (0.61)
44.01 (0.64)

8SEM: standard error of the mean.
bcom: complaint-directed mini-intervention.

%IDS-SR: Inventory of Depressive Symptomatology Self-Report.

dJSEQ: Jenkins Sleep Evaluation Questionnaire.

€PSS: Perceived Stress Scale.

fPSVVQ: Penn State Worry Questionnaire.

9GAD-7: Generalized Anxiety Disorder Scale.
PWEMWBS: Warwick-Edi nburgh Mental Well-being Scale.
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Table 3. Estimated differencesin mean change of outcomes (crude and adjusted)® between baseline and 3-month follow-up for the for complaint-directed

mini-intervention (CDMI) intervention group versus the control group.b

Qutcome Estimate of mean changedifference t (df) P Cohend (95% ClI)
(95% Cl)

Depression (IDS)

Crude model —4.78 (—6.88 t0 —2.68) —4.49 (297) <.001

Adjusted model —4.47 (—6.54 t0 —2.40) —4.25 (309) <.001 -0.70 (-1.03 t0 -0.38)
Sleep (ISEQ)

Crude model —1.79 (-2.93 to —0.65) —3.10 (258) .002

Adjusted model -1.75 (-2.89 t0 -0.62) -3.05 (262) .003 -0.33 (-0.54 10 -0.12)
Stress (PSS

Crude model -1.32 (-2.77 10 0.13) -1.79 (271) .08

Adjusted model -1.12 (-2.55t0 0.31) —1.54 (284) 12 —0.20 (-0.45 to 0.06)
Worry (PSW Qf)

Crude model —3.56 (-5.37 t0 —1.76) —3.89 (260) <.001

Adjusted model —3.25 (=5.04 to —1.47) -3.59 (270) <.001 -0.34 (-0.53 t0 -0.16)
Anxiety (GAD-79)

Crude model -1.17 (-2.22t0-0.12) -2.19 (267) .03

Adjusted mode” ~1.14 (-2.19 to -0.09) -2.13(271) 03 ~0.29 (-0.55 t0 -0.02)
Well-being (WEMWBS')

Crude model 2.74 (0.87 to 4.61) 2.89 (289) .004

Adjusted model 2,57 (0.70 to 4.44) 2.70 (289) .007 0.40 (0.11 to 0.70)

8Crude model: crude association (model includes only intervention condition, time, and timexintervention condition). Adjusted model: adjusted for age,
gender, living arrangement, education, symptom severity, and anxiety scores at baseline.

bRegr on coefficient for the timexcondition interaction term.
“IDS-SR: Inventory of Depressive Symptomatology Self-Report.
dJSEQ: Jenkins Sleep Evaluation Questionnaire.

€PSS: Perceived Stress Scale.

fPSVVQ: Penn State Worry Questionnaire.

9GAD-7: Generalized Anxiety Disorder Scale.

PModel 2 for anxi ety does not include baseline anxiety scores as a covariate because they are included in the outcome.

'WEMWBS: Warwi ck-Edinburgh Mental Well-being Scale.

Outcomes at 6-Month Follow-Up

Figure 2 shows the course of the (estimated) primary and
secondary outcomesin thetwo groups. In theintervention group,
the greatest effects were observed between baseline and T1.
These effects did not significantly increase or decrease at the
6-month follow-up, except for further reductions in sleep
complaints (see Table 4). Generally, effects in the intervention
group were sustained until 6 months. This pattern was reversed
inthe control group because they did not receivethe intervention
until after the T1 assessment. The greatest effects were observed

http://www.jmir.org/2017/1/e4/

between T1 and T2 in the control group, and were of similar
magnitude asthose found between TO and T1in theintervention
group (see Table 4). However, there were some exceptions.
Stress complaints showed a similar pattern of change in both
groups. the greatest reduction between T1 and TO (whichisalso
reflected in the nonsignificant difference in the effectiveness
analysis, see previous), and asmaller reduction between T1 and
T2. Moreover, anxiety complaints also seemed to decrease a
little more between TO and T1 than between T1 and T2 in the
control group.
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Table 4. Within-group estimated changes in outcomes between T1 and TO and between T2 and T1.2

Lokman et d

QOutcome F (df) P Intervention Control
Estimate (95% Cl) P Estimate (95% Cl) P

Depression

Time 44.49 (2,482) <.001

T1vsTO —5.40 (—7.00 to —3.81) <.001 —0.84 (-2.24 10 0.56) 24

T2vsT1 -0.41 (-2.37 t0 1.55) 68 —4.83 (—6.55t0 —3.11) <.001
Sleep

Time 42.40 (2,426) <.001

T1vsTO —2.54 (-3.41t0—1.67) <.001 -0.75 (-1.49 to 0.00) .05

T2vsT1 —1.11 (-2.17 to —0.06) 04 —1.74 (-2.67 to —0.81) <.001
Stress

Time 67.14 (2,452) <.001

T1vsTO —3.75 (-4.82t0 —2.68) <.001 —2.56 (—3.48t0 —1.63) <.001

T2vsT1 —1.21 (-2.51 0 0.09) .07 -1.17 (-2.31t0-0.03) 045
Worry

Time 43.99 (2,429) <.001

T1vsTO —5.23 (—6.64 10 —3.83) <.001 —1.74 (~2.94 10 -0.54) .004

T2vsT1 0.46 (-1.25t0 2.17) 60 —2.42 (-3.91t0-0.93) .002
Anxietyb

Time 81.47 (2,440) <.001

T1vsTO —3.41 (-4.20t0 —2.61) <.001 —2.22(-2.92t0-1.53) <.001

T2vsT1 0.19 (-0.78t0 1.16) 70 -1.23 (-2.08 10 -0.37) .005
Well-being

Time 27.11(2,462) <.001

T1vsTO 3.40 (2.03 10 4.76) <.001 0.77 (-0.42 t0 1.95) 21

T2vsT1 0.84 (-0.82t0 2.5) 32 2.63 (1.17 to 4.09) <.001

8All estimates are adjusted for age, gender, living arrangement, education, symptom severity, and anxiety scores at baseline.
bEgtimate for anxi ety does not include baseline anxiety scores as a covariate because they were included in the outcome.
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Figure 2. Estimated marginal means for outcomes in the intervention and control groups for total follow-up period.
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Use of and Satisfaction With Intervention

Approximately three-quarters of the intervention group actually
created an account (127/165, 77.0%); of these participants,
91.3% (116/127) logged into their chosen CDMI at least once.
During the 3-month intervention period, the participantslogged
in amedian 3 times (range 0-166, IQR=5). Approximately half
of the control group actually created an account (86/164, 52.4%)
after completing the T1 measurement; of these participants,
85% (73/86) logged into their chosen CDMI at least once.
During the 3-month period between T1 and T2, the participants
in the control group logged in a median 2 times (range 0-85,
IQR=4). Of the 75 participants in the intervention group who
completed the use and satisfaction questions, a majority (56%,
42/75) reported that they spent an average of 30 minutes or
more aweek onthe CDMIsand 8% (6/75) of participants spent
2 hours or more aweek on the CDMIs. Of the 48 participants
in the control group who completed the use and satisfaction
guestions, a majority (54%, 26/48) reported that they spent an

http://www.jmir.org/2017/1/e4/

RenderX

average of 30 minutes or more aweek on the CDMIsand 10%
(5/48) spent 2 hours or more aweek on the CDMIs.

Exploratory analysis into the relationship between log-ins and
effectiveness showed no discernible dose-responserel ationship,
and this was underlined by the finding that there were no
significant interaction effects between the number of log-ins
and time (see estimated marginal means and test statistics in
Multimedia Appendix 3). However, although the overall tests
of the interaction terms across the complaints were not
significant, there were a number of significant contrasts.
Participants who logged in four or more times showed greater
decreases in depressive complaints between baseline and
3-month follow-up than those who did not log in (t,55=—2.12,
P=.04). Those who logged in one to three times showed greater
decreases in worry complaints between baseline and 3-month
follow-up than those who did not log in (t;9;=1.98, P=.049).
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Overall satisfaction with the intervention was moderate to high.
The median satisfaction score given by the intervention group
(n=75) was 7 (on ascale of 1to 10) and the mean was 6.3 (SD
1.8). Participants in the control group who accessed the
intervention gave a near identical satisfaction rating (n=45;
mean 6.4, SD 1.5). Figure 3 shows the ratings participants in

Figure 3. Satisfaction with complaint-directed mini-interventions (CDMls).

Lokman et d

the intervention group scored on the various satisfaction items.
These results show a similar pattern of moderate to high
satisfaction across the various topics.

Various suggestions were made for future improvements.
Among the most mentioned were to include reminders,
additional information, and more structure to exercises.
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Discussion

Summary of Findings

This RCT evaluated the effectiveness of unguided Web-based
self-help interventions that aimed to decrease depressive
complaints by targeting stress, sleep problems, or worry. The
results at 3-month follow-up showed a significant reduction in
depressive symptoms for participants in the intervention group
compared to participants in the wait-list control group.
Furthermore, significant effects were observed for seep
problems, worry, anxiety, and well-being. The CDMIs did not
significantly reduce stress complaints, but reductions were seen
in both the intervention and control groups. At 6-month
follow-up, the improvements in the intervention group were
generally sustained. The control group, which started with the
CDMls after 3 months, experienced significant improvements
at the 6-month follow-up compared to the 3-month follow-up
for al outcome variables but stress. In general, participantswere
moderately to highly satisfied with the CDMIs.

Comparison With Other Studies

Online self-help interventions targeting symptoms of depression
and the prevention of cases of depressive disorder have been
found to be effective in previous studies [9,28,49]. A recent
meta-analysis found that onlineinterventionsfor the prevention
of depression can reduce depressive symptoms in the short and
medium term compared to no-intervention control conditions
(eg, short-term pooled effect size of Hedges g=—0.35, 95% ClI
—0.57t0-0.12) [28]. A meta-analysisby Daviesand colleagues
[49] adso showed that computer-delivered and Web-based
interventions can be effective in improving depression in
university students, with a pooled standardized mean difference
of Hedges g=—0.43 (95% Cl -0.63t0-0.22, P<.001). Zhou and
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colleagues [50] conducted a meta-analysis to the efficacy of
Internet-based cognitive behavioral therapy (CBT) for people
who fulfill the criteriafor at least subthreshold depression. They
concluded that in the short-term the efficacy of Internet-based
CBT is superior to a nonactive control group (pooled
standardized mean difference of —0.28, 95% Cl -0.42t0-0.14),
whereas the long-term efficacy is inconclusive. Moreover, a
recently published meta-analysis about the effectiveness of
online mindfulness-based interventions reported a small effect
size on depressive symptoms (Hedges g=0.29, 95% CI
0.13-0.46, P=.001) [41].

The effect size for depressive symptoms found in our study
(Cohen d=-0.70) is somewhat larger than reported in these
meta-anayses. |n some cases, thismay be dueto morerestrictive
eigibility criteria that were applied in these meta-analyses,
including diagnosis and exclusion of depressive disorders at
trial entry (eg, [28]), compared to our study. However, other
online, unguided psychological interventions for participants
with increased levels of depressive symptomatol ogy a so showed
lower effect sizes[51].

M ethodological Consider ations

First, we encountered ahigh dropout rate of participants during
the course of the study. High dropout rates are a problem often
encountered in eHealth trials[52,53], with rates as high as 50%
to 72% reported. Dropout rates tend to be higher for unguided
versusguided eHedlth trials[53]. Dropout al so tendsto be higher
in intervention groups than control groups as was the case in
our study. Although this is not an uncommon occurrence in
eHealth studies, it may nonetheless give rise to attrition bias.
However, analyses showed that the only measured difference
between participants who completed the T1 assessment versus
those who did not was the mean score on the GAD-7 (anxiety),
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which was adjusted for in the analyses. Furthermore, in the
analyses, al participants were included according to the
intention-to-treat principle and missing data was accounted for
by using linear mixed models (ie, maximum likelihood), which
is a recommended strategy for estimating unbiased treatment
effects [54].

Second, the CDMIs were developed as a preventive approach
to depression, but the diagnostic status of the participants in
this study was not assessed with aclinical interview because it
was not feasible. To avoid being too restrictive and denying
people access to the CDMIs who might benefit from the
interventions, we included people with mild and moderate
depressive symptoms in our trial. We cannot rule out that some
participants in the trial might have fulfilled diagnostic criteria
for depression at trial entry. Therefore, the findings and effect
sizes should be interpreted in light of this fact.

Third, the participants could not be blinded. The reduction in
complaints observed by the control group at T2 versus T1 were
comparable to the reduction seen in the intervention group at
T1 versus TO. Therefore, it is likely that the effects found are
not largely influenced by the lack of blinding.

Another point of consideration is the limited use of the
intervention, despite the positive effects. The use of the CDMIs
was dlightly more limited in the control group. This might have
been due to a reduction in complaints in the control condition
in the first 3 months of the study, reducing the need for the
control condition to use the CDMIs once access was provided.
The evaluation of the CDMIs by the users does suggest there
isroom for improvement of theintervention. Adding reminders
was a frequently given suggestion for improvement. However,
it would be worthwhileto further question users about strategies
that may increase the use of the intervention. We conducted
some exploratory analysesto examine the relationship between
the number of log-ins and effectiveness, which showed no
discernible dose-response rel ationship. However, it isimportant
to interpret these exploratory findings with caution due to
potential selection bias. Moreover, different operationalizations
of adherence may be differentially related to effectiveness in
eHealth research [55], which would be interesting to examine
in future research.

Fifth, although our trial applied an open recruitment strategy,
meaning that there were no restrictions for participation other
than theinclusion criteria, it ispossiblethat potentia participants
were missed dueto the use of mainly Internet-based recruitment
avenues. On the other hand, people who do not use the Internet
might be less open to using an unguided Web-based self-help
intervention. Nevertheless, the participants of the trial might
not havetruly reflected the general Dutch adult population with
access to the Internet and sufficient computer skills.

Finaly, the study population consisted of mainly highly
educated femal e participants. Therefore, the generalizability of
the findings with respect to males and other educationa levels
remains to be determined. Moreover, as mentioned in the
Introduction, the CDMIswere devel oped to also suit arange of
target groups, including the low SES population, but
participation in the CDMIs and in this study was not restricted
to individuals with a low SES. The baseline characteristics
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indicate that 72% of the participants had a high educational
level. Thismeansthat without specific effortsaimed at inclusion
of low SES people, the usage of the intervention among this
group will be relatively low.

Future Research Directions

Integration of the CDMIsin primary care may be auseful next
step for several reasons. As mentioned in the Introduction,
patientsfrequently present to their GPwith psychological stress,
sleep problems, and worry [17-21]. Moreover, the guidelines
of the Dutch College of Genera Practitioners recommend
e-mental headlth as first step interventions for patients with
depressive complaints. During and after the trial, we received
several requestsfrom GPsand GP nurses for information about
and the use of the CDMIs. As such, the CDMIs seem to be
suitable interventions for use in the GP setting that satisfy a
demand. When implementing theinterventionsin the GP setting,
the CDMIs can also be offered with some guidance from the
GP nurse, which might be a way of boosting adherence and
effectiveness[30,31]. Guidance may al so be needed to increase
the reach to low SES populations.

In addition to human guidance, technology itself may offer
opportunities for support through persuasive system design
features [56], which may be just as effective as human support
[57]. Prompts are an example of a feature that may increase
adherence [58]. Based on user feedback, we have recently
developed an app to supplement the CDMIs by providing
motivational quotes, tips, and promptsto usethe CDMIs. Recent
advancesin mHealth provide opportunitiesfor systemstolearn
about their user and offer meaningful personalized interventions
when they are necessary and, thus, potentialy offering more
sophisticated technol ogy-based support with or without human
support (eg, [59]). It is likely that such personalized
interventions will contribute to adherence and ultimately to
effectiveness, and it would be interesting to explore this avenue
more in future research.

A focus on research questions addressing the use and
mechanisms of changein onlineinterventionswould be afruitful
next step. Thisis aso in line with calls to pay more attention
to the evaluation of intervention components rather than
intervention packages in aternative research designs to
traditional RCTs as a means to better tie in with the rapid and
flexible nature of e-mental health development [60,61]. With
respect to the CDMIs, as noted by one of the anonymous
reviewers of this paper, it may be worthwhile in the future to
investigate the effect of user choice. To this end, a comparison
could be made between persons who are able to choose their
modul es and exercises versusthose who arerestricted toamore
traditional approach in which participants have to go through
modules sequentially. Also gaining moreinsight into the optimal
amount of time, exercises, or modules that are needed, and the
relationship with user characteristics would be valuableto better
personalize interventions in the future. Currently, participants
of the CDMIs are advised to spend 2 to 3 hours a week for a
period of at least 4 weeks. However, a recent study of Bunge
et a [62] showed that even a brief, unsupported Internet
intervention of 5 to 10 minutes improved depression scores at
1-week follow-up. Finaly, future research should focus on
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gaining insights into the most optimal strategies for reaching
and engaging low SES populationsin (preventive) interventions
targeting psychological complaints, such asthe CDMIs.

In conclusion, the online CDM Iswere successful in significantly
reducing depressive complaints and had an effect on, albeit to

Lokman et d

Theintervention did not significantly reduce stress complaints.
This study showsthat apurely online self-help intervention can
have a positive impact on mental health outcomes. Future
research should focus on which specific strategies may boost
adherence, and increase the reach of the CDMIs among people
with low SES.

alesser extent, sleep problems, worry, anxiety, and well-being.
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Abstract

Background: Excessive gestational weight gain (GWG) contributes to the development of obesity in mother and child.
Internet-based interventions have the potentia for delivering innovative and interactive optionsfor prevention of excessive GWG
to large numbers of people.

Objective: The objective of this study was to create a novel measure of Internet-based intervention usage patterns and examine
whether usage of an Internet-based intervention is associated with reduced risk of excessive GWG.

Methods: Thewebsitefeatured blogs, local resources, articles, frequently asked questions (FAQs), and eventsthat were available
to women in both the intervention and control arm. Weekly reminders to use the website and to highlight new content were
emailed to participantsin both arms. Only intervention arm participants had access to the weight gain tracker and diet and physical
activity goal-setting tools. A total of 1335 (898 intervention and 437 control) relatively diverse and healthy pregnant women were
randomly assigned to the intervention arm or control arm. Usage patterns were examined for both intervention and control arm
participants using latent class analysis. Regression analyses were used to estimate the association between usage patterns and
three GWG outcomes: excessive total GWG, excessive GWG rate, and GWG.

Results: Five usage patterns best characterized the usage of the intervention by intervention arm participants. Three usage
patterns best characterized control arm participants’ usage. Control arm usage patterns were not associated with excessive GWG,
whereas intervention arm usage patterns were associated with excessive GWG.

Conclusions: The control and intervention arm usage pattern characterization is a unique methodol ogical contribution to process
evaluationsfor self-directed I nternet-based interventions. In theintervention arm some usage patterns were associated with GWG
outcomes.

ClinicalTrial: ClinicalTrials.gov; Clinical Trials Number: NCT01331564; https://clinicaltrials.gov/ct2/show/NCT01331564
(Archived by WebCite at http://www.webcitation/6nl 9L uX 9w)

(J Med I nternet Res 2017;19(1):e6)  doi:10.2196/jmir.6644
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Introduction

Maternal obesity and excessive gestational weight gain (GWG)
are associated with many adverse pregnancy and birth outcomes,
such as gestational diabetes and cesarean delivery, in addition
to an increase in obesity risk in both mother and baby [1-3]. A
recent Cochrane review found that diet and exercise
interventions during pregnancy reduced the risk of excessive
GWG by 20% [4]. This review suggested that electronic
communicationsinterventions may have potential for addressing
these growing public health problems.

Electronic health (eHealth) interventions have the advantages
of wide reach, interactivity, personalization, and
cost-effectiveness. eHealth interventions have been shown to
be efficacious across cognitive outcomes (knowledge, intention,
and self-efficacy), some behavioral outcomes (smoking
cessation, reducing alcohol consumption, safer sexual behaviors,
and increasing physical activity), and emotional outcomes (mild
to moderate depression, anxiety, obsessive-compul sive disorder,
and phobias) [5]. A review and meta-analysis by Hill et al [6]
found that providing information and behavioral self-monitoring
were two key strategies when intervening in GWG. However,
according to arecent review, thereis alack of clarity about the
effectiveness of behavioral interventions to address maternal
obesity and GWG and, in particular, there is a need to identify
the specific intervention components that contribute to the
effectiveness of these interventions [7].

Generally, higher dose of intervention received and greater use
of intervention features have been associated with greater
success in achieving weight-related intervention outcomes
[8-10]. This has been particularly true for eHealth or
Internet-based behavior change interventions [11-13]. While
Internet-based interventions provide a unique opportunity to
measure use of behavior change tools and other features
objectively, currently there is no consensus on the definitions
and measures for usage of such interventions [14]. Previous
studies have used the following measures. number of website
visits or log-ins, time spent on a site, and number of features
used [14-16].

In a previously published article, we described the creation of
measures of intervention use that considered expected use,
consistency of use acrosstime, and patterns of use for different
features of an Internet-based intervention aimed at preventing
excessive GWG [17]. Thisstudy examined whether the patterns
of features that were used and the amount of their use were
related to GWG outcomes among women participating in a
randomized controlled trial. We used the previously described
usage pattern measuresfor theintervention arm women, created
a new usage measure for the control arm women, and then
examined how these measures of usage were associated with 3
different GWG outcomes.

Methods

Study Design
Data from a randomized controlled trial of prevention of
excessive GWG and postpartum weight retention with women

http://www.jmir.org/2017/1/e6/
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who were 18-35 years of age, normal range to obese class |
body mass index (BMI), socially and racially diverse, and
relatively healthy (N=1689) and conducted in amidsize city in
northeastern United States were used in this study. This trial,
conducted from 2011 to 2014, is described in detail elsawhere
[18,19], and its Clinical Trials.gov identifier is NCT01331564.
Pregnant women were screened in prenatal clinics, private
obstetric practices, practices that provide ultrasounds, and over
the phone and online. To meet eligibility criteria, participants
had to (1) consent at or before 20 weeks gestation, (2) be
available for a 24-month intervention, (3) plan to carry their
pregnancy to term and keep their baby, (4) read and understand
English, and (5) have an email address. Exclusion criteria

included thefollowing: BMI lessthan 18.5 kg/m? (underweight)

or greater than or equal to 35.0 kg/m? (obese class || or greater),
multiple gestation (eg, twins), having had eating disorders or
gastric bypass surgery in the past, having had 3 or more
consecutive miscarriages, and the presence of prepregnancy
medical conditions that could influence weight loss or gain.

All study participants were sent an email describing the tools
on the website. Email, postcard, and tel ephone reminders were
used as prompts to encourage participants to visit the website
the first time. A US $5 incentive was also given for the first
websitevisit. The samplefor thisanalysisincludeswomen who
were digible, entered the study during pregnancy as indicated
by at least one website log-in or completion of the baseline
guestionnaire, and had a singleton pregnancy that lasted at |east
20 weeks (n=1335). The study protocol was approved by the
University of Rochester Research Subjects Review Board and
the Cornell University Institutional Review Board.

I ntervention

Fishbeinand Y zer'sIntegrative Model of Behavioral Prediction
[20] was the quiding theoretical framework for the
Internet-based intervention to prevent excessive GWG. Fishbein
and Yzer's framework was combined with Fogg's Behavior
Model for Persuasive Design [21] to link weight-associated
behaviorsand their predictorsto intervention features. Michie's
behavior change techniques [7,22] informed the development
of the website features for the intervention arm (Figure 1). The
websitefeatured blogs, local resources, articles, frequently asked
questions (FAQs), and events that were available to women in
both the intervention and control arm. Weekly remindersto use
the website and to highlight new content were emailed to
participants in both arms. In addition, intervention arm
participants had access to the weight gain tracker and diet and
physical activity goal-setting tools. Intervention participants
were emailed weekly with reminders to use the weight gain
tracker and diet and physical activity goal-setting tools.
Intervention features are described in more detail in the study
by Graham et al [23].

Consistent Use Features

Use of the Internet-based features was automatically captured
by the website. Utilization of the following 6 intervention
features plus log-ins was used to characterize usage in the
intervention arm: health-related information (articlesand FAQS),
blogs, local resources, diet goal-setting tools, physical activity
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goal-setting tools, and aweight gain tracker (Figure 1). For the
control arm, log-ins plusthe use of thefirst 3 features mentioned
above wereincluded in the patterns-of-usage measure. For some
features, the amount of use in relation to expected use was
captured in the patterns-of-usage measure. Consistent use was
expected for log-ins and entry of weights into the weight gain
tracker. We expected women to track their weight in 30-day
intervals, but, to allow for difference in timing of prenatal care,
we created 45-day intervalsfrom time of enrollment to delivery.
If awoman entered aweight during each of the 45-day intervals
of her study participation, she was categorized as a consistent
tracker. If during at least half of the intervals awoman entered
aweight, she was categorized as an almost consistent tracker.
If awoman had entered at |east one weight but not during more
than half of her intervals, she was categorized as an inconsi stent
tracker. Finally, if she never entered aweight during pregnancy,
shewas categorized asanontracker. We counted websitelog-ins
as feature usage given the amount of content that was visible
on the website dashboard after log-in for both intervention and
control arm participants (Figures 2 and 3). The same procedure
for consistent weight tracking was used to categorize log-ins.

Graham et al

Quantity of Use Features

For al other features, consistent use was not expected. Usewas
expected on an “as needed” basis. Therefore, quantity of use
was used for thefollowing features: health-related information,
blogs, resources, diet goal-setting tools, and physical activity
goal-setting tools. The usage of a feature by a woman was
categorized into 3 levels for each of these features. high
(=median among users), low (<median among users), or none

(0).
Usage Patterns

Latent classanalysis (LCA) was used to identify usage patterns
by women in the intervention arm and the control arm. This
analysis was used to group individuals based on their similar
usage patterns. All analyses were conducted using a SAS
procedure, PROC LCA version 9.2 (SASIngtitute). The creation
of theintervention usage pattern variablesis described in greater
detail in the study by Demment et al [17]. The sample used in
thisanalysis excluded women who had never logged in and had
not completed a questionnaire, which influences the latent
classes that emerge.

Figure 1. Website features, behavior change strategies, and expected use of intervention features.
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Figure 2. Screenshot of the intervention arm website dashboard.
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Figure 3. Screenshot of the control arm website dashboard.
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data were handled using multiple imputation to address issues
of bias [24], which may result from analyzing only complete
cases using SAS PROC MI and MIANALY ZE procedures. A
total of 60 imputed datasets were created for the primary
analysis and also for the models presented below. The weekly
rate of GWG was cal culated as the difference between the last
pregnancy weight and the weight measured closest to 20 weeks
(3 weeks), or the imputed average weight at 18-21 weeks if
missing, divided by the number of weeks between these weights.
Next, the binary outcomes of excessive total GWG and
excessive rate of GWG after 20 weeks were calculated using
the Ingtitute of Medicine guidelines for each BMI group as
determined at randomization. For each of the 3 BMI groups,
the cutoff valuesfor excessive total GWG and excessive weekly
rate of GWG are as follows: normal range BMI, greater than
16 kilograms and greater than 0.23 kilograms per week;
overweight BMI, greater than 11.5 kilograms and greater than
0.15 kilograms per week; and obese class | BMI, greater than
9 kilograms and greater than 0.12 pounds per week.

Statistical Analysis

Among those participants with measured and available GWG
data, chi-square analysis was used to examine the relationship
between usage patterns and (1) demographics and (2) the binary
outcomes of excessive total GWG and excessive rate of GWG.
For total GWG, analysis of variance was used to examine the
relationship between usage patterns and GWG. Sincethe created
usage patterns differed by arm, these analyses were performed
separately within intervention arm participants and within
control arm participants.

Using amodified Poisson regression approach [25], therelative
risk of excessive total or weekly GWG was estimated for
different usage patterns within strata. Similarly, least squares
multiple regression model s assessed the mean differencein total
GWG (kilograms). Usage was parameterized with two
approaches. First, we examined by stratawhether or not various
patterns of usage were associated with relative risk of excessive
GWG. Second, we examined by strata how the combined usage
patterns that include most frequent usage of the active
ingredients of theintervention, that is, weight gain tracking and
behavioral goal setting and self-monitoring (Figure 1), were
associated with relativerisk of GWG. All modelswere adjusted
for BMI, age, race, and parity, as well as pregnancy timing
variables including gestational age at delivery, the weeks
between the first and last pregnancy weight, and the weeks
between the last pregnancy weight and delivery. Significance
level was set at P <.05.

http://www.jmir.org/2017/1/e6/
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Results

Usage pattern measures were created for each arm (Table 1).
For the intervention arm, the 5-component sol ution was the best
fit based on Akaike information criterion (AIC) score. All 5
usage patternsincluded consistent or almost consistent logging
in. The5 patternsand their components are asfollows: (1) super
user—consistent weight tracking; very likely to be a high user
of blogs, health-related information, and local resources; likely
to be a high user of diet or physical activity goal setting; (2)
medium user—almost consistent weight tracking; likely to be
ahigh user of blogs, health-related information, local resources,
and physical activity goal setting; (3) consistent tracker—Iikely
consistent weight tracking; likely low user of health-related
information and blogs; unlikely to set goals or view resources,
(4) almost consistent or inconsistent tracker—Ilikely almost
consistent weight tracker (although 38% likelihood of also being
an inconsistent weight tracker); unlikely to have used
goal-setting tools, health-rel ated information, or local resources,
unlikely to have used blogs, and (5) “nonuser”—almost
consistent log-ins (likely adherent study participant); unlikely
to have tracked weight; very unlikely to have used any other
intervention feature.

For the control arm, the 3-group solution was the best fit based
on the AIC score. The 3 patterns and their components are as
follows: (1) mid or high user—very likely to consistently log
in; very likely to be a high user of health-related information,
blogs, and local resources; (2) low user—likely to have logged
in consistently or almost consistently; likely to have been ahigh
user of blogs (although 37% likelihood of also never viewing
blogs), but unlikely to have viewed any local resources; and (3)
no or minimal user—very likely to have logged in almost
consistently or inconsistently; unlikely to have viewed
health-related information, blogs, or local resources.

Within the intervention arm participants, there were significant
demographic differences by patterns of usage (Table 2). Higher
usage groups, including consistent trackers, were more likely
to have higher income, be white, be older, and have ever been
married. There are aso differences in GWG outcomes by
patterns of usage (Table 2). Nonusers and consistent trackers
wereleast likely to exceed the recommended amount of GWG.
Almost consistent or inconsistent trackers were most likely to
exceed the recommended amount. Nonusers, consistent trackers,
and super users have the lowest amount of total GWG.
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Table 1. Usage patterns latent class probablities.

Usage pattern Intervention (n=898) Control (n=437)
Super user, Medium user, Consistent Almost consss  Nonuser, Mid or high Low user, Noor minimal
138(154%) 89 (9.01%)  tracker, tentorincon- 15 (23.995)  USEN, 157 (35.9%)  User,
181 (20.2%)  Sistenttracker, 164 (37.5%) 116 (26.5%)
275 (30.6%)
Log-in
Consistent g2 .005 .97 .06 .03 .88 42 .007
Almostconsis- .06 .96 .03 .92 .79 12 .58 .93
tent
Inconsistent .0001 .04 .0001 .02 A7 0 0 .06
Never 0 0 0 0 0 0 0 0

Weight tracking

Consistent .86 .002 71 .007 .009
Almostconss .13 .80 .23 48 .10
tent

Inconsistent  .009 13 .03 .38 .28
Never .0004 .07 .03 A3 .61

PAP goal setting

High A7 51 .16 .06 .0002
Low .27 A5 .16 .28 .03
None .29 34 .68 .66 97

Diet goal setting

High A7 .38 A5 A1 .0002
Low .18 .20 .20 .28 .03
None .34 42 .65 .62 .97

Health-related information

High .81 74 .18 A1 .006 .89 .38 .02

Low 19 22 .46 .40 .05 .06 31 .06

None .001 .04 .36 49 94 .04 31 .93
Blogs

High .93 .81 24 17 .001 .87 44 .03

Low .06 15 43 49 .09 .09 .20 .09

None .02 .05 34 34 91 .05 37 .89

Local resources

High .87 .60 .06 .05 .003 .87 .20 .005
Low A3 27 .33 .25 .04 A1 A7 .04
None .003 A2 .61 .70 .96 .02 .63 .95

8 talics denotes probability greater than or equal to .40.
BpA: physical activity.
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Table 2. Intervention arm: demographic and outcome differences by usage pattern (n=898).

Demographics Super user, Medium user, Consistent tracker, Almost consistent or ~ Nonuser,
n (%) n (%) n (%) inconsistent tracker, |, (%)
n (%)
No. of participants 138 (15.4) 89 (9.9) 181 (20.2) 275 (30.6) 215 (23.9)
Income (P <.001)
Low income 29 (21.0) 32(36.0) 52 (28.7) 118 (42.9) 95 (44.2)
Not low income 109 (79.0) 57 (64.0) 129 (71.3) 157 (57.1) 120 (55.8)

BM 12 at screening (P=.04)

Normal range BM| 79 (57.3) 50 (56.2) 106 (58.6) 152 (55.3) 110(51.2)

Overweight BMI 34(24.6) 30(33.7) 56 (30.9) 90(32.7) 59 (27.4)

Obese BMI 25(18.1) 9(10.1) 19 (10.5) 33(12.0) 46 (21.4)
Strata (P <.001)

Normal weight and lower income 10 (7.2) 17 (19.1) 30(16.6) 62 (22.5) 60 (27.9)

Normal weight and higher income 69 (50.0) 32(36.0) 77 (42.5) 91(33.1) 50 (23.3)

Overweight or obese and lower in- 19 (13.8) 15 (16.9) 22 (12.2) 56 (20.4) 60 (27.9)

come

Overweight or obese and higher in- 40 (29.0) 25(28.1) 52 (28.7) 66 (24.0) 45 (20.9)

come
Race (P<.001)

Black 6 (4.3) 14 (15.7) 21 (11.6) 54 (19.6) 87 (40.5)

White 118 (85.5) 64 (71.9) 138 (76.2) 180 (65.5) 92 (42.8)

Other 14 (10.2) 11 (12.4) 22 (12.2) 41 (14.9) 36 (16.7)
Hispanic (P=.08)

Yes 13(9.4) 5(5.6) 20 (11.0) 33(12.0) 35(16.3)

No 125 (90.6) 84 (94.4) 161 (89.0) 242 (88.0) 180 (83.7)
Relation group (P<.001)

Single 33(23.9) 32(36.0) 59 (32.8) 124 (45.4) 131 (61.8)

Ever married 105 (76.1) 57 (64.0) 121 (67.2) 149 (54.6) 81(38.2)
Parity (P=.73)

Nulliparous 71 (51.5) 46 (51.7) 79 (43.6) 127 (46.2) 93 (43.5)

Primiparous 45 (32.6) 25(28.1) 65 (35.9) 88 (32.0) 75 (35.0)

Multiparous 22 (15.9) 18(20.2) 37 (20.4) 60 (21.8) 46 (21.5)
Age categories, years (P <.001)

18to 24 18 (13.0) 19 (21.3) 34 (18.8) 80(29.1) 87 (40.5)

2510 30 41 (29.7) 31(34.8) 67 (37.0) 93(33.8) 67 (31.2)

>30 79 (57.3) 39 (43.8) 80 (44.2) 102 (37.1) 61 (28.4)
Outcomes

Total GWGP (P=.03, n=781)

Exceeded recommended amount 59 (45.0) 39 (48.1) 64 (40.3) 132 (56.2) 70 (40.0)
Did not exceed recommended 72 (55.0) 42 (51.9) 95 (59.7) 103 (43.8) 105 (60.0
amount

Rate of GWG (P=.09, n=795)

Exceeded recommended rate 82 (62.6) 59 (71.1) 98 (59.4) 176 (73.0) 114 (65.1)
Did not exceed recommendedrate 49 (37.4) 24 (28.9) 67 (40.6) 65 (27.0) 61 (34.9)
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Demographics Super user, Medium user, Consistent tracker, Almost consistent or ~ Nonuser,
n (%) n (%) n (%) inconsistent tracker, |, (%)
n (%)
GWG, kg (P=.03)°, mean (SD) 13.66 (4.59) 14.37 (5.22) 13.59 (5.33) 14.87 (5.85) 13.29 (5.88)

3BMI: body mass index.
bGWG: gestational weight gain.

CAnalysis of variance test results shown; al other P values provided in the table are chi-square P val ues.

Within the control arm participants there were similar
demographic differences by patterns of usage as observed in
theintervention arm participants. The demographic differences
between the usage patterns in the control arm were driven by
the no or minimal user; when low and medium users were
compared there were no significant differences by demographics
(Table 3). In addition to the demographic differences, parity
was also significant within the control arm, where nulliparous
women were more likely to be higher users of thewebsite. There
were no significant differences in GWG outcomes by control
arm patterns of usage.

Given that there were demographic differences by GWG
outcomes (Multimedia Appendices 1 and 2) and that there were
demographic and GWG differences by patterns of usage (Tables
2 and 3), adjusted models were needed to examine the
independent effect of usage patterns on weight outcomes (Table
4). In each of these models, the comparison group was
participants who had the nonuser usage pattern. In the
intervention arm, among participants with lower income and
normal range BMI (stratum 1), the relative risk of excessive
GWG was 1.92 times higher for an amost consistent or
inconsistent tracker compared with the nonuser. An inconsi stent
tracker gained 2.48 kg more than anonuser. Among partici pants
with normal range BMI and higher income (stratum 2), the
consistent trackers had 0.67 relative risk of excessive weekly
GWG rate compared with nonusers, after adjusting for
differences in BMI, age, race, parity, and gestational age at
delivery. Among overweight and obese higher-income

http://www.jmir.org/2017/1/e6/

participants (stratum 4), the consistent trackers gained 2.78 kg
less than nonusers.

We also examined GWG outcomes and usage patterns in the
control arm (Table 5). In each of these models, the comparison
group is participants who had the nonuser usage pattern. There
is only one significant result in the control arm when looking
at usage pattern and GWG, which was among overweight and
obese lower-income control participants (stratum 3) where the
low user usage pattern had a relative risk of excessive weekly
GWG rate 1.35 timesthat of nonusers.

In addition to examining patterns of usage created through LCA,
we combined the latent classes that emerged that included high
usage of the active ingredient intervention features, which were
theorized to have the greatest likelihood of reducing the risk of
excessive GWG: the super user and the consistent tracker
groups. Specifically consistent weight tracking loaded at
probability of >0.70 in both the super user and the consistent
tracker group. In these models, the comparison group is
participants who were in the medium user, almost consistent or
inconsistent tracker, or the nonuser groups (Table 6). Among
participants with normal range BMI and higher income (stratum
2), consistent trackers and super users had reduced relative risk
of excessive GWG amount (relative risk =0.64) and weekly rate
(relative risk =0.72). They aso gained 1.49 kg less in total
GWG. Among overwei ght and obese higher-income partici pants
(stratum 4), consistent trackers and super users had reduced
relative risk of excessive GWG amount (relative risk =0.87)
and gained 2.17 kg less compared with those who used the
active ingredients less.
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Table 3. Control arm: demographic and outcome differences by usage pattern (n=437).

Demographics Mid or high user, n (%) Low user, n (%) No or minimal user, n (%)
No. of participants 164 (36.7) 157 (37.1) 116 (26.2)
Income (P<.001)

Low income 54 (32.9) 52 (33.1) 62 (53.5)

Not low income 110 (67.2) 105 (66.9) 54 (46.5)

BM 12 at screening (P=.06)

Normal range BMI 100 (61.0) 92 (58.6) 55 (47.4)

Overweight BMI 51 (31.1) 42 (26.8) 46 (39.7)

Obese BMI 13(7.9) 23 (24.6) 15 (12.9)
Strata (P=.002)

Normal weight and lower income 27 (16.5) 28 (17.8) 31(26.7)

Normal weight and higher income 73 (44.5) 64 (40.8) 24 (20.7)

Overweight or obese and lower income 27 (16.5) 24 (15.3) 31(26.7)

Overweight or obese and higher income 37 (22.5) 41 (26.1) 30(25.9)
Race (P<.001)

Black 22 (13.4) 23 (14.6) 37(31.9)

White 120 (73.2) 116 (73.9) 60 (51.7)

Other 22 (13.4) 18 (11.5) 19 (16.4)
Hispanic (P=.55)

Yes 19 (11.6) 14(9.0) 15 (12.9)

No 145 (88.4) 143 (91.0) 101 (87.1)
Relation group (P<.001)

Single 53(32.3) 52 (33.3) 66 (57.9)

Ever married 111 (67.7) 104 (66.7) 48 (42.1)
Parity (P=.005)

Nulliparous 88 (53.7) 86 (54.8) 44 (37.9)

Primiparous 49 (29.9) 46 (29.3) 35(30.2)

Multiparous 27 (16.4) 25 (15.9) 37(31.9)
Age categories, years (P=.003)

18t0 <25 37(22.6) 33(21.0) 46 (39.6)

25t0 <30 55(33.5) 57 (36.3) 38(32.8)

>30 72 (43.9) 67 (42.7) 32(27.6)
Outcomes

Total gestational weight gain (P=.62)
Exceeded recommended amount 62 (43.7) 72 (49.3) 43 (45.3)
Did not exceed recommended amount 80 (56.3) 74 (50.7) 52 (54.7)
Rate of gestational weight gain (P=.54)

Exceeded recommended rate 103 (70.6) 104 (71.2) 63 (65.0)
Did not exceed recommended rate 43(29.4.1) 42 (28.8) 34 (36.0)
Gestational weight gain, kg (P:.17)b, mean (SD) 14.48 (5.07) 14.19 (5.05) 13.21 (5.60)

@M I: body massindex.
bAnal ysis of variance test results shown; all other P values provided in the table are chi-square P values.
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Table4. Intervention arm: Are usage patterns associated with gestational weight gain?

Usage patterns® Excessive total GWGP Excessive GWG rate GWG
RRC 95% ClI P value RR 95% ClI P value Estimate 95% ClI P value

Stratum 1: normal range BM 19 and low income (N=179)

Super user® 0.74 0.20to .65 0.53 0.21to .18 -0.69 -3.80to0 .66
2.74 134 241

Medium user 151 0.67 to .32 1.10 0.72to .65 2.27 -0.89to0 .16
341 1.70 5.43

Consistent tracker 161 0.89to A1 1.24 0.86to 25 1.79 -045t0 .12
291 1.77 4,02

Inconsistent tracker 1.92 1.18to .009 1.25 0.95to 12 2.48 0.63to .009
3.14 164 433

Stratum 2: normal range BM| and higher income (n=319)

Super user 0.91 0.50to a7 0.85 0.59 to .38 -1.22 -2.82t0 .14
1.68 1.22 0.39

Medium user 1.04 0.52to 91 1.12 0.77to .56 0.10 -167t0 .91
2.07 161 1.88

Consistent tracker 0.63 0.34to 14 0.67 0.46to .04 -1.22 -291to .15
1.16 0.98 0.46

Inconsistent tracker 1.33 0.79to .29 1.05 0.77to .75 0.47 -1.12to0 .57
2.25 1.44 2.06

Stratum 3: overweight or obese BM| and low income (n=172)

Super user 134 0.92to A3 1.25 0.98to .07 0.55 -284to .75
1.95 1.60 3.93

Medium user 0.96 0.56 to .87 0.95 0.62to .81 -0.58 -451to0 .77
1.64 1.45 3.34

Consistent tracker 1.24 0.81to .32 111 0.80to .52 1.10 -230to .53
1.89 154 4.49

Inconsistent tracker 1.02 0.70to .92 1.10 0.86to .45 0.44 -206to0 .73
1.50 142 2.93

Stratum 4: overweight or obese BM| and high income (n=228)

Super user 0.96 0.72to .80 1.02 0.84to .83 -1.03 -359t0 .43
1.30 1.24 153

Medium user 1.13 0.85to 41 1.06 0.85t0 .60 -0.01 -2.84t0 .99
1.51 131 2.82

Consistent tracker 0.96 0.72to .76 1.01 0.83to .93 -2.78 -5.16t0 .02
1.27 1.23 -0.39

Inconsistent tracker 117 0.92to 21 1.13 0.95to .16 0.35 -1.94t0 .77
1.48 1.34 2.64

A |l models have been adjusted for age, race, parity, and BMI.

bGwG: gestational weight gain.

°RR: relative risk.

dBMI: body massindex.

CRelative risk of excessive GWG and mean GWG estimates (kg) are relative to subjects who were nonusers (reference group).
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Table 5. Control arm: Are usage patterns associated with gestational weight gain?

Usage patterns® Excessive total GWGP Excessive GWG rate GWG
RR® 95% ClI P vaue RR 95% ClI P value Estimate 95% ClI P vaue

Stratum 1: normal range BM 19 and low income (n=86)

Low user® 130 0640264 .47 107 069t0167 .76 -0.05 -288to .97
2.77

Mid or high user 156 0.72t0338 .26 125 0.79t0200 .34 256 -010to .06
5.22

Stratum 2: normal range BMI and higher income (n=161)

Low user 083 040tol.75 .63 097 0.63t01.50 .90 -0.29 —-2.2410 77
1.66

Mid or high user 094 047t0187 .85 113 075tol72 55 0.64 -1.36t0 .53
2.64

Stratum 3: overweight or obese BM| and low income (n=82)

Low user 131 08lt0213 .28 135 1.00t01.82 .05 231 -0.79to 14
5.40

Mid or high user 111 067t01.82 .69 1.03 0.72t01.46 .89 1.39 -1.78to .39
4.56

Stratum 4: overweight or obese BM| and high income (n=108)

Low user 134 090to200 .15 109 084tol143 .52 0.54 -2.08t0 .69
3.16

Mid or high user 113 075t01.70 .56 112 086tol47 .40 -0.44 -3.19to 75
2.30

A |l models have been adjusted for age, race, parity, and BMI.

bGwG: gestational weight gain.

°RR: relative risk.

dBMI: body massindex.

CRelative risk of excessive GWG and mean GWG estimates (kg) are relative to subjects who were nonusers (reference group).

Table 6. Intervention arm: Are grouped usage patterns (super user and consistent tracker groups combined) associated with gestational weight gain
after adjustment for demographics?

Usage patterns? Excessive total GWGP Excessive GWG rate GWG

RRS 95% ClI Pvaue RR 95% ClI Pvalue Estimate 95% ClI P value
Stratum 1: normal range BM 19andlower 092  059to 71 093 0.69to .65 -0.32 -2.08t0 71
. e 144 1.26 143
income (N=179)
Stratum 2: normal range BMI and higher 0.64  0.45to .01 0.72 0.57to .004 -1.49 -2.441t0 .002
income (N=319) 0.90 0.90 -0.54
Stratum 3: overweight or obeseBMI and 1.28  0.98to .07 114 094to .19 0.74 -156to .53
lower income (n=172) 1.68 1.38 3.05
Stratum 4: overweight or obeseBMI and 0.87  0.73to .09 094 0.84to 31 -2.17 -3.58t0 .003
higher income (n=228) 1.02 1.06 -0.76

A |l models have been adjusted for age, race, parity, BMI, and timing variables.
bGwG: gestational weight gain.

°RR: relative risk.

dBMI: body massindex.

®Relative risk of excessive GWG and mean GWG estimates (kg) are relative to subjects who were either medium users, inconsistent trackers, or nonusers
(reference group).
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Discussion

Principal Findings

We applied a novel approach, LCA, to understand usage of
website features included in a GWG eHedlth intervention. We
examined patterns of usage for both the intervention participants
and the control arm participants. This approach is a unique
methodological contribution to process evaluations for
self-directed Internet-based interventions where the most
appropriate measures of engagement are not yet well defined.
Usage patternsfor both intervention and control arm participants
varied by demographic characteristics. Higher-income, older,
white, and married women in both arms were more likely to be
higher users of the website. In the control arm, where the content
of the website was primarily informational, women who were
having their first baby were greater users.

In the control arm, GWG outcomes did not differ by usage
pattern. While this was expected because behavior change and
weight management tools were not included on the control
website, documenting that lack of effect by amount of use helps
ininterpreting the rel ationship between amount of use of festures
in the intervention arm and weight outcomes. The concern is
that amount of useisassociated with apersonality typethat will
have better outcomes, no matter what the content of the
intervention is. The control group results indicate that this
concernislikely not relevant to this study.

In the intervention arm, GWG outcomes did differ by usage
pattern. Among participants with lower income and normal
range BMI (stratum 1), almost consistent or inconsistent trackers
had a higher relative risk of excessive GWG and inconsistent
trackers gained more weight during pregnancy compared with
the nonuser usage pattern. Among participants with normal
range BMI and higher income (stratum 2), the consistent trackers
had a lower relative risk of excessive weekly GWG rate
compared with nonusers. Among overweight and obese
higher-income participants (stratum 4), the consistent trackers
gained less weight during preghancy than nonusers.

In order to better understand the patterns of usage and GWG
outcomes, we examined 2 of the usage groups together that
included most frequent usage of the active ingredients of the
intervention, weight gain tracking and behavioral goa setting
and self-monitoring. We compared super users and consistent

Acknowledgments

Graham et al

trackers with the 3 usage groups that used less of the
hypothesized active ingredients in the pregnancy intervention
(medium users, almost consistent or inconsistent trackers, and
nonusers). In the higher-income stratum (strata 2 and strata 4),
higher users of the active intervention ingredients were
associated with reduced risk of excessive GWG total and inthe
normal range BMI women (stratum 2) for weekly rate. Across
BMI categories, total GWG (kilogram) was significantly lower
in the super and consistent users compared with the medium
users, almost consistent or inconsistent trackers, and nonusers.

Strengthsand Limitations

The strengths of this study are as follows: the intervention’s
measures of usage are objectively measured by the website and
assuch thereisno study staff reporting biasfor theintervention
use variables; a large randomized effectiveness trial with an
economically and racially diverse sample; a theory-based and
formative research-informed Internet-based intervention.

A limitation of this research is that consistent weight tracking
and logging in to the website was low and was particularly low
among |l ower-income partici pants, with only 25% of low-income
participants in either the consistent tracker or super user usage
patterns. This affectsthe ability to detect statistically significant
differences in the GWG outcomes between groups defined by

usage.
Implications

This study used a novel, data-driven approach to process
evaluations that may be particularly helpful for self-directed
Internet-based interventions on any topic. This approach may
further the understanding of how self-directed Internet-based
intervention tools are used and whether there are benefits
associated with different patterns of use. The implications for
this particular self-directed Internet-based intervention to prevent
excessive GWG vary by socioeconomic status of the women.
For higher-income women there was a reduction in GWG, but
not necessarily asignificant reductionin rate or excessive GWG
for overweight or obese higher-income women. For
lower-income women there were no detectabl e effects of usage
on GWG. Future self-directed Internet-based interventions
should consider best approaches for consistently engaging
lower-income women when the success of interventions is
anticipated to depend on consistent use.
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Multimedia Appendix 1
Demographic differences by excessive gestational weight gain (intervention arm).
[PDF File (Adobe PDF File), 36KB - jmir_v19ile6_appl.pdf ]

Multimedia Appendix 2
Demographic differences by excessive gestational weight gain (control arm).

[PDE File (Adobe PDF File), 36KB - jmir_v19i1e6_app2.pdf |
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Abstract

Background: Developing accessible Web-based materials to support diabetes self-management in people with lower levels of
health literacy is a continuing challenge.

Objective: The objective of thisinternational study wasto develop a Web-based intervention promoting physical activity among
people with type 2 diabetes to determine whether audiovisual presentation and interactivity (quizzes, planners, tailoring) could
help to overcome the digital divide by making digital interventions accessible and effective for people with all levels of health
literacy. This study also aimed to determine whether these materials can improve health literacy outcomes for people with lower
levels of health literacy and also be effective for people with higher levels of health literacy.

Methods: To assess the impact of interactivity and audiovisual features on usage, engagement, and health literacy outcomes,
we designed two versions of a\Web-based intervention (oneinteractive and one plain-text version of the same content) to promote
physical activity in peoplewith type 2 diabetes. We randomly assigned participants from the United Kingdom, Austria, Germany,
Ireland, and Taiwan to either an interactive or plain-text version of theintervention in English, German, or Mandarin. Intervention
usage was objectively recorded by theintervention software. Self-report measureswere taken at baseline and follow-up (immediately
after participants viewed the intervention) and included measures of health literacy, engagement (website satisfaction and
willingness to recommend the intervention to others), and health literacy outcomes (diabetes knowledge, enablement, attitude,
perceived behavioral control, and intention to undertake physical activity).

Results: Intotal, 1041 people took part in this study. Of the 1005 who completed health literacy information, 268 (26.67%)
had intermediate or low levels of health literacy. The interactive intervention overall did not produce better outcomes than did
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the plain-text version. Participants in the plain-text intervention group looked at significantly more sections of the intervention
(mean difference -0.47, 95% CI —0.64 to —0.30, P<.001), but this did not lead to better outcomes. Health literacy outcomes,
including attitudes and intentionsto engage in physical activity, significantly improved following the intervention for participants
in both intervention groups. These improvements were similar across higher and lower health literacy levelsand in all countries.
Participantsin theinteractive intervention group had acquired more diabetes knowledge (mean difference 0.80, 95% CI 0.65-0.94,
P<.001). Participants from both groups reported high levels of website satisfaction and would recommend the website to others.

Conclusions:  Following established practice for simple, clear design and presentation and using a person-based approach to
intervention development, with in-depth iterative feedback from users, may be more important than interactivity and audiovisual

presentations when developing accessible digital health interventions to improve health literacy outcomes.

ClinicalTrial: International  Standard

Randomized Controlled Tria

Number  (ISRCTN):  43587048;

http://mww.isrctn.com/ISRCTN43587048. (Archived by WebCite at http://www.webcitation.org/6nGhaP9bv)

(J Med Internet Res 2017;19(1):€21) doi:10.2196/jmir.6601

KEYWORDS

health literacy; digital intervention; diabetes; quantitative trial; physical activity

Introduction

Health literacy has been defined as* knowledge, motivation and
competences to access, understand, appraise, and apply health
information” [1]. The capacity to understand and apply health
information depends not only on the capabilities of the
individual, but also on the way in which health information is
presented. Well-designed materialsto support self-management
of health can help to improve health literacy outcomes such as
knowledge, motivation, confidence, and adherence[2,3]. Lower
levels of health literacy are associated with poor illness
management, health knowledge, health service use, and health
and with higher mortality. Addressing the challenges posed by
low health literacy in populations has been highlighted as an
urgent priority in many countries [4].

Barriers to accessing support for self-management of chronic
health problems include disability, cost, work or family
responsibilities, and lack of transport [5]. Studies have shown
that these barriers are more common among people with lower
levels of education [6]. Web-based health interventions may
help addressthis problem, asthey can be conveniently accessed
in the home and reach large numbers of people at low cost,
thereby having the potential to reduce health disparities [7].
Access to and use of the Internet through a personal computer
or mobile phone is rapidly becoming common among more
sections of the population, with over 80% of the adult population
now using the Internet in the countries participating in this study
[8]. However, low health literacy levels may present barriersto
understanding and applying health information obtained from
the Internet [9-11]. Lower levels of eHealth literacy are also
associated with lower levels of healthy behavior, such as
physical activity [12]. Therefore, reducing the“literacy burden”
of online health information isan important strategy in making
support for self-management of chronic conditions more
accessible.

To date, interventionsto reduce the literacy burden and improve
health literacy haveincluded using simplelanguage, audiovisual
or pictorial formats, interactivity, and tailoring of content to
individuals' needs (if the intervention is Web based). Reviews
of the effectiveness of such interventionsfor the general public

http://www.jmir.org/2017/1/e21/

and mixed-patient populations[13-17] and for diabetes[18-20]
suggest that these techniques show promise for some outcomes,
but that overall the evidence for improving health literacy or
reducing the literacy burden is weak and inconclusive, and it
remains unclear exactly which elements of such interventions
improve which outcomes.

This study addressed the evidence gap regarding how best to
design Web-based materials for the growing population of
patientswith basic literacy and computer skills but lower levels
of health literacy. We developed a Web-based intervention to
promote physical activity in people with type 2 diabetes,
following established best practice for designing accessible
Web-based written content. We included a range of interactive
elements (quiz, tailoring, a planner) and audiovisua modes of
presentation, so that we could evaluate whether theseimproved
usage and health literacy outcomes, particularly in those with
lower levels of health literacy. We used our person-based
approach to intervention development [21], carrying out iterative
qualitative research with people with high and low levels of
health literacy to gain feedback to improve accessibility and
engagement [22].

This paper reports on a subsequent large international
guantitative study comparing this Web-based intervention with
a static, plain-text presentation of identical content. The study
evaluated engagement and hesth literacy outcomes in people
with varied levels of health literacy. We measured engagement
by objectively recorded intervention usage and self-reported
user experience (website satisfaction and whether participants
would recommend the website to others) [23]. The primary
research question asked whether an interactive, tailored, and
audiovisual Web-based intervention would lead to better
engagement than a plain-text version of the same content.
Secondary research questions asked (1) whether we could design
a Web-based intervention that people with lower and higher
levels of hedlth literacy find engaging, (2) whether these
materials could improve health literacy outcomes for people
with lower levels of health literacy, and (3) whether the materials
would also be effective for people with higher levels of health

literacy.
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Methods

I ntervention Development

Healthy Living with Diabetes is a tailored Web-based
intervention to motivate people with type 2 diabetesto increase
their physical activity. The intervention was developed by a
team of health researchers at the University of Southampton,
United Kingdom, in collaboration with the Diabetes Literacy
research consortium [24], patient representatives, and an
international expert panel.

We developed 2 Web-based interventions using the LifeGuide
software, an open access platform for devel oping Web-based
behavior change interventions [25]. The first was a plain-text
version of the intervention, and the second was an interactive
version of the intervention. Both versions included the same
content, which was written and designed to be accessible for
people with lower levels of health literacy and to be engaging
and novel. To enhance engagement, the intervention content
contained novel and compelling information about the benefits
of physical activity for peoplewith type 2 diabetes. To enhance
accessibility, we followed good practice guidelines for
accessi ble Web-based design and presentation of written content
[26-31] in both interventions.

We designed the interactive version to assess the additional
impact that interactivity, audiovisual features, and tailoring may
have on engagement with the intervention and health literacy
outcomes in people with varied health literacy levels.
Audiovisual aspectsof theinteractive intervention were positive
images throughout, and a series of audiovisual sequences
demonstrating lifestyle and physical activities (tailored to age
and sex). The interactive features of the website consisted of a
quiz, aphysical activity planner, and tailored advice, feedback,
and images based on user responsesto questions (such as current
physical activity levels, attitudes to physical activity, age, and
SEX).

Wefirst devel oped the intervention in English for testing in the
United Kingdom, and then adapted and trandated it for testing
in Austria, Germany, Ireland, Taiwan, and the United States.
Researchers in the United States did not take part in this
subsequent trial. We followed our person-based approach to
intervention devel opment [21,32] to enhance acceptability and
feasibility from the earliest stages of intervention devel opment
through an in-depth understanding of the views and perspectives
of our target users. Full details of the development and
gualitative evaluation of theintervention, including screenshots
of theintervention, have previously been published [22].
Design

We carried out a multisite randomized trial in the United
Kingdom, Austria, Germany, Ireland, and Taiwan to compare
the interactive Web-based materials versus a plain-text
Web-based version of the intervention. The plain-text
intervention contained the same content and structure as the
interactive version, but all tailoring, interactivity, and
audiovisual features were removed. Ethics and research
governance approvals were granted by the University of
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Southampton and UK National Health Service (NHS) research
ethics committees (number 13/LO/0316).

Participants and Procedure

Participants were invited to take part in the study if they were
over 18 yearsold with adiagnosis of type 2 diabetes, had access
to the Internet, were able to read the intervention language
(English, German, or Mandarin), and give informed consent.
We recruited participants from the United Kingdom, Austria,
Germany, Ireland, and Taiwan between July 2014 and March
2015. Minor country differencesin recruitment procedureswere
permitted to allow for differing health care systems and patient
access. UK participantswererecruited through 43 primary care
practices specifically selected for being in areas of high
deprivation in order to reach more people with low health
literacy. Participants in Ireland and Taiwan were recruited
opportunistically by health care professionals in diabetes
outpatient clinics, and participantsin Austriaand Germany were
recruited through national diabetes support group newdletters
and advertisements placed on the Internet. Health care
professionals in the United Kingdom, Ireland, and Taiwan
screened potential participantsto exclude patients with potential
difficulties, including severe mental health problems, palliative
care, recent bereavement, and inability to complete research
measures (eg, learning disability, inability to read or speak an
intervention language) before they were invited to the study.

Participants from al countries were presented with details of
the study, research team contact details for more information,
and a website URL where they could log in to the Web-based
intervention on their own time. Participant information stated
that we were comparing two types of webpages to see which
was more helpful; it did not mention website features such as
interactivity or audiovisual features. Participants were therefore
blinded to what the differences between the 2 arms were.
Consent was given online, and participants completed a very
brief baseline questionnaire before being randomly assigned to
1 of the 2 groups (with a 50% ratio). Participants were then
presented with either the interactive or plain-text Web-based
materials, depending on randomization assignment. Participants
were asked follow-up questions immediately after using the
intervention. All recruitment and follow-up procedures
(including full study information, obtaining informed consent,
baseline and follow-up data collection, and randomi zation) were
Web based using automated procedures carried out by the
LifeGuide software [25].

Sample Size

We calculated the sample size a priori using the G* Power 3
(version 3.1.9.2) sample size calculation program [33]. We
calculated that a minimum sample size of 676 participants in
total would be required to detect asmall difference (effect size,
Cohen d=0.25) between the 2 groups on our primary outcome
measure of objective intervention usage, with alpha=.05 and
beta=.1.

M easures

Participants completed Web-based assessments at baseline
(immediately before) and follow-up (immediately after using
theintervention materials). We collected demographic variables
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at baseline, consisting of age, sex, time since diabetes diagnosis,
and age they left full-time education. Participants' levels of
physical activity during the previous week were measured at
follow-up using the International Physical Activity
Questionnaire-Short  Form  (IPAQ-SF)  self-administered
guestionnaire assessing the minutes spent doing vigorous and
moderate activity and walking in thelast 7 days[34]. We scored
the |PAQ-SF using the recommended categorical scoring system
[35], where participants are categorized as being either (1)
inactive, (2) minimally active, or (3) highly active.

We measured engagement with the Web-based intervention by
intervention usage and self-reported measures of engagement.
I ntervention usage was measured by the number of intervention
sections completed, as total time spent on the intervention was
likely to be confounded with format (plain text vs interactive).
Both the interactive and plain-text intervention were designed
to comprise 5 distinct sections: knowledge of physical activity
benefits (with/without interactive quiz); advice on selecting
physical activities (with/without tailoring); advice on planning
physical activity (with/without interactive planner); success
stories (with/without audiovisual presentation); accessto further
information about undertaking physical activity. All intervention
usage data was automatically recorded by the LifeGuide
software [25]. Self-reported measures of engagement at
follow-up were a previoudy validated 3-item measure of
satisfaction with Web-delivered advice [36], and a single item
measuring whether participants would recommend the website
to friends and family with diabetes, based on the NHS Friends
and Family Test [37].

Health literacy outcomes were (1) diabetes knowledge, (2)
patient enablement, and (3) attitude, behaviora control, and
intention to undertake physical activity. Diabetes knowledge
was measured by a 9-item knowledge quiz based on the
intervention content. Patient enablement was measured by 3
items from the Patient Enablement Instrument [38] assessing
participants’ perceptions of their understanding of the benefits
of physical activity for people with diabetes, their ability to
cope with diabetes, and confidence in managing their health.
Participants completed these measures immediately after
viewing the intervention. Attitude, behavioral control, and
intention to undertake physical activity were measured by 3
items drawn from the theory of planned behavior [39].
Participants completed these items at baseline (immediately
before viewing the intervention) and follow-up (immediately
after completing the intervention) in order to assess change.
Responses were given on a 7-point Likert scale (ranging from
disagreeto agree). These 3itemswere (1) “Increasing my level
of physical activity would be good for me” (physical activity
attitude), (2) “1 would find it easy to increase my level of
physical activity” (perceived behavioral control), and (3) “I plan
to increase my level of physical activity” (physical activity
intentions).

We measured health literacy at baseline by a validated single
item: “How often do you have problems learning about your
condition because of difficulty understanding written
information?’ [40]. On the basis of this measure, we identified
participants as having high, intermediate, or low levels of health
literacy. Measures were tranglated from English to German and
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Mandarin and checked by each country’s research team for
accuracy. All measures were optional apart from age and sex,
which were essential for tailoring.

Analysis

We analyzed the data using IBM SPSS for Windows version
14.0 (IBM Corporation) and Stata statistical software Special
Edition Release 2007 (version 13; StataCorp LP), following a
prespecified data analysis plan developed with our statistician
(BS) and approved by the whole Diabetes Literacy consortium.
All comparisons of the plain-text and interactive versions of
the website controlled for potential confounding effects of the
covariates health literacy, education, age, sex, and illness
duration. We allowed for clustering by country by including
country as arandom effect in the model.

Dueto the small numbersof participantswith low health literacy
levels, we categorized hedth literacy as low/intermediate
compared with high health literacy. To avoid undertaking too
many between-country comparisons, analyses by country
compared UK datawith apooled sample of all other countries,
asthe UK samplewasthe largest and the intervention materials
were originally developed for testing in the United Kingdom,
and then translated and adapted for other countriesand cultures.

The primary research question asked whether an interactive,
tailored, and audiovisual Web-based intervention can lead to
better engagement than a plain-text version of the same content
can. Theprimary analysiscompared the number of intervention
sections completed by participants randomly assigned to the
interactive intervention versus the number completed by
participants randomly assigned to the plain-text intervention to
test the prediction that more sections of the interactive version
of the Web-based intervention would be completed. We used
linear regression to compare the mean difference between
intervention groups. We then examined whether intervention
usage was moderated by health literacy level or by country. For
these analyses, we carried out linear regressions to look for
group differences by health literacy level and country. Post hoc
exploratory analyses of Web usage were carried out using
visualization analyses to examine patterns of intervention usage.
Intervention usage data were analyzed using the LifeGuide
visualization tool [41] to explore patterns of intervention use.
This tool enables researchers to visualize and compare which
intervention features were viewed, for how long, and in what
order, across al participants.

Secondary research questions asked whether people with high
and low hedth literacy found the materials engaging, and
whether the intervention improved health literacy outcomesin
people with lower and high levels of health literacy. In order to
answer these questions, we analyzed self-report measures of
engagement (website satisfaction; recommending the website
to others) and health literacy outcomes (diabetes knowledge;
patient enablement; and change in attitude, behavioral contral,
and intention to undertake physical activity) using linear
regression models and then assessed for potential moderator
effects by heath literacy level and country.
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Missing Data

The main outcomefor this study wasintervention usage, which
was automatically recorded by the intervention software for all
participants and therefore had no missing data. We investigated
levels of missing datafor baseline and follow-up measures and
compared the frequency of missing data between the 2
intervention groups. Levels of missing data were high for the
diabetes knowledge quiz score (459/1041, 44.09% missing) and
the single item measuring whether participants would
recommend the intervention to others (231/1041, 22.19%
missing data). We assumed that these were at random and
applied a multiple imputation model of 100 imputations for
missing secondary outcomes and key covariates. We present
thisanalysisasasensitivity analysisalongsidethemain analysis
on complete cases.

Muller et d

Results

Participants

In total, 1045 participants from the United Kingdom, Austria,
Germany, Ireland, and Taiwan participated in the study and
were randomly assigned to view either the interactive
intervention or the plain-text intervention. Of these, 4
participants used the Back button on their Internet browsersto
be rerandomized and were consequently excluded, resulting in
1041 participantsin thefinal analysis. We successfully measured
the primary outcome, intervention usage, for 100% of randomly
assigned participants. See Figure 1 for the Consolidated
Standards of Reporting Trials (CONSORT) flow diagram.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.
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Participant Characteristics

Participants in this study were predominantly male (662/1041,
63.59%), with amean age of 62 years. On average, participants
left full-time education before the age of 18 years and had been
diagnosed with type 2 diabetes for 9.2 years (this ranged from
just a few months to 50 years). The majority of participants
(737/1005, 73.33%) had high levels of hedlth literacy, while
268/1005 (26.67%) had intermediate or low levels of health
literacy. A total of 835/1041 (80.21%) of participants compl eted
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Analvzed(n=497)
Excludedfrom analysis (n=0})

the IPAQ-SF physical activity questionnaire. Most of these
participants reported being inactive (561/835, 67.2%), while
some reported being minimally active (190/835, 22.8%) and a
minority reported being highly active (84/835, 10.1%).
Participant characteristics were similar across both groups at
baseline, with the only slight difference being higher health
literacy levels in the interactive group. See Table 1 for
participant characteristics by intervention group. Participant
characteristics were similar by country (see Multimedia
Appendix 1 for details).
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Table 1. Participant characteristicsin the 2 arms of the Web-based intervention promoting physical activity among people with type 2 diabetes.

Characteristic

Group

Plain-text (n=497)

Interactive (n=544)

Female, n (%)
Agein years, mean (SD)
Years since diagnosis, mean (SD)
Age when |eft full-time education, mean (SD)
Health literacy level (single-item measure), n (%)
Low
Intermediate
High
Physical activity attitudes and intentions
IPAQ-SF?, mean (SD)
Highly active, n (%)
Minimally active, n (%)

Inactive, n (%)

182 (36.6) 197 (36.2)
61.5 (11.2) 62.4 (11.4)
9.1(9.1) 95(9.3)

17.8 (3.0) 17.8(3.0)
37/478 (7.7) 30/527 (5.7)
105/478 (22.0) 96/527 (18.2)
336/478 (70.3) 401/527 (76.1)
15.1 (3.5) 15.0 (3.7)
35/431(8.1) 49/404 (12.1)
106/431 (24.6) 84/404 (20.8)
290/431 (67.3) 271/404 (67.1)

% PAQ-SF: International Physical Activity Questionnaire-Short Form.

Intervention Usage

The primary outcomein this study was Web-based intervention
usage to test whether the interactive intervention led to better
engagement than the plain-text version. Analysis of usage data
found asignificant differencein intervention usage between the
2 groups, with participantsin the interactive intervention group
being likely to complete fewer of the 5 intervention sections

than were participantsin the plain-text intervention group (mean
difference—0.47, 95% Cl —0.64 t0—0.30, P<.001). Table 2 gives
the results of intervention usage analyses.

Moderator analysis examined intervention usage by health
literacy level. Participants with higher levels of hedlth literacy
were significantly more likely to complete more sections of the
intervention (mean difference 0.25, 95% CI 0.05-0.45, P=.02;
Table 3).

Table 2. Resultsof analysis of intervention usage as determined by number of sections completed, and results of self-reported measures of engagement

and moderator analyses of self-reported engagement, by intervention group.

Analysis Intervention group Univariate difference Multivariate difference®  Multivariate difference® based on
100 imputations
Plaintext Interactive  Mean (95%Cl) Pvaue Mean(95%Cl) Pvaue Mean (95%Cl) P vaue
I ntervention usage
No. of sectionscompleted, 4.5(1.3) 4.0(1.5) -047(-064t0 <001 -049(067to <001 py/aAP N/A
mean (SD) -0.30) -0.31)
M easur es of engagement
Satisfied withwebsite, mean 4.1 (2.0) 4.1 (1.9) 0.03(-0.24t0 .82 0.05(-0.22t0 .70 0.08(-0.19t0 .54
(Sb) 0.30) 0.33) 0.35)
Would recommend to oth-  281/419  248/391 0.85 (0.64 to .28 0.85 (0.62 to .29 0.78 (0.58 to .10
ers, n (%) (67.2) (63.4) 1.14) 1.15) 1.05)

8A|l analyses controlled for possible confounding by age, sex, time since diagnosis, age when the participant |eft education, health literacy, and for

clustering by country.
BNI/A: not applicable.
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Table 3. Resultsof analysis of intervention usage as determined by number of sections completed, and results of self-reported measures of engagement
and moderator analyses of self-reported engagement, by health literacy level.

Analysis Hedlthliteracy level  Univariate difference Multivariate difference®  Multivariate difference®
based on 100 imputations
Lower High Mean (95% Cl) Pvalue Mean(95%Cl) Pvaue Mean(95%Cl) Pvaue
I ntervention usage
No. of sections completed, 4.1(1.5) 4.3(1.4) 0.25(0.05to .02 0.28 (0.08 to .01 N/AP N/A
mean (SD) 0.45) 0.48)
M easur es of engagement
Satisfied withwebsite, mean 4.1 (2.0) 4.1(2.0) -0.03(-0.34t0 .87 0.05(-0.27to .76 0.04 (-0.28t0 .82
(SD) 0.29) 0.37) 0.35)
Would recommend to oth-  139/195  372/591 0.70 (04810 .04 0.64 (0.44 10 .02 0.69 (0.48 to .05
ers, n (%) (71.3) (62.9) 0.97) 0.93) 1.01)

8All analyses controlled for possible confounding by age, sex, time since diagnosis, age when the participant left education, health literacy, and for

clustering by country.
BN/A: not applicable.

Figure2. Visuaization of intervention usage by health literacy level and intervention. Blue: time spent on quiz; yellow: time spent on physical activity
planner; red: time spent on reading personal tips; green: time spent on audiovisual sequences.
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We carried out exploratory analyses to examine whether
intervention usage differed by country (comparing the United
Kingdom versus the other participating countries). Patterns of
usage were similar in the United Kingdom and the other
countries. See MultimediaAppendix 2 for details of intervention
usage by country. Extensive visualization analyses of usagein
thewhole sample revea ed no differencein how theintervention
was used by health literacy level, age, sex, timesincediagnosis,
physical activity level, or change in physical activity attitude.
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Visualization analyses outputs illustrate intervention usage for
the selected sample over time (in 30-second intervals).
Visuaization analyses comparing usage of the interactive
intervention and the static intervention revealed that the
interactive group spent more time on the quiz (represented by
bluein Figure 2) and the physical activity planner (represented
by yellow), while the static intervention group spent moretime
reading personal tips (represented by red). These differences
could be explained by the interactive nature of the quiz and

JMed Internet Res 2017 | vol. 19 |iss. 1 [e21 | p.42
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

planner adding to the time taken to complete them, while the
lack of tailoring in the static intervention increased the reading
burden for the personal tips section (sinceall tipswere presented
rather than just those tailored to the users). Similarly, we did
not include audiovisual sequences (represented by green) inthe
static intervention and these are therefore represented only in
the visualization of usage of the interactive intervention. See
Figure 2 for visualization of intervention usage by health literacy
level and intervention.

Self-Reported M easur es of Engagement

The self-reported measures of engagement were website
satisfaction and a single item measuring whether participants
would recommend the website to others. We used these items
to address the secondary research question asking whether
Web-based material s can be devel oped to be engaging to people
with low and high levels of health literacy. There were no
significant group differences, with participants in both groups
reporting high levels of website satisfaction and the majority
of participantsin both groups reporting that they would be likely
to recommend the website to others. Table 2 and Table 3 give
details of these resullts.

We carried out exploratory analyses to evauate whether
self-reported measures of engagement varied by health literacy
level. Participants with lower health literacy were significantly
more likely to recommend the website to friends or family with
diabetes (mean difference —0.70, 95% CI 0.48-0.97, P=.04),
although this difference was no longer significant following
100 imputations (mean difference 0.69, 95% CI 0.48-1.01,
P=.05). There were no significant differences in website

Table 4. Health literacy outcomes by intervention group.

Muller et d

satisfaction, with participants with all levels of health literacy
reporting high levels of satisfaction. See Table 3 for details.
Moderator analysis found that the same pattern of results
occurred in the UK data compared with other countries. See
Multimedia Appendix 3 for details of moderator analyses by
country.

Health Literacy Outcomes

Secondary research questions asked whether the Web-based
materials could improve health literacy outcomesin peoplewith
low health literacy and be effective for peoplewith higher levels
of health literacy. The hedlth literacy outcomes in this study
were (1) diabetes knowledge, (2) patient enablement, and (3)
changein attitude, behavioral control, and intention to undertake
physical activity. There was a significant group difference in
participants' diabetes knowledge, with participants in the
interactive group scoring significantly higher than the plain-text
intervention group (mean difference 0.80, 95% CI 0.65-0.94,
P<.001). The diabetes knowledge measure had a ceiling effect
with alarge proportion of participantsfrom both groups scoring
highly. When comparing participants who answered all the
guestions correctly with those who got 1 or more wrong, the
group difference was maintained and the interactive group was
nearly 7 times more likely than the plain-text group to have
answered al the questions correctly (mean difference 6.5,
P<.001, 95% CI 4.4-9.4). There were no significant group
differences in patient enablement, with participants in both
groups reporting feeling more enabled as a result of using the
intervention materials. Details of theseresultsare givenin Table
4,

Outcome Intervention group

Univariate difference

Multivariate difference®
based on 100 imputations

Multivariate difference®

Plain text Interactive  Mean (95% Cl) Pvaue Mean(95%Cl) Pvaue Mean(95%Cl) Pvaue
Diabetes knowledge, mean 8.0 (1.1) 8.8(0.5) 0.80 (0.65 to <.001 0.78(0.63t0 <.001 0.74(0.50to <.001
(SD) 0.94) 0.92) 0.88)
Diabetes knowledge score of  124/303 228/279 6.5(4.4109.4) <001 69(46t010.3) <001 490(3.35t0 <.001
9 vslower score, n (%) (40.9) (81.7) 7.17)
Patient Enablement Instru- 7531 7.6 (3.0) 0.08 (-0.33to .70 0.02 (-0.40to .93 0.17 (-0.25to 44
ment, mean (SD) 0.49) 0.43) 0.58)

8All analyses controlled for possible confounding by age, sex, time since diagnosis, age when the participant left education, health literacy, and for

clustering by country.

Moderator analyses explored these results by health literacy
level. There was atrend for people with higher levels of health
literacy to score higher on the Patient Enablement Instrument
(multivariate mean difference 0.53, 95% Cl 0.04-1.02, P<.03),
although this was no longer significant following 100
imputations (mean difference 0.40, 95% CI —0.09 to 0.88,
P<.11). There were no significant health literacy differencesin
diabetes knowledge acquired, with both groups scoring highly.
See Table 5 for details. M oderation anal yses by country showed
asimilar pattern of results for the United Kingdom compared
with other countries; see Multimedia Appendix 4 for details.

http://www.jmir.org/2017/1/e21/

Participants were asked about their attitudes and intentions
toward physical activity at baseline and again at follow-up,
enabling an analysisto establish whether the score had changed
within each group. In both intervention groups, and across al
health literacy levels, the score at follow-up was significantly
higher than at baseline, indicating that participants from all
groups had more positive attitudes and intentions toward
physical activity after viewing theintervention materials. Table
6 shows the results of thisanalysis.
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Table 5. Moderator analyses of health literacy outcomes by health literacy levels.

Outcome Hedlth literacy level  Univariate difference Multivariate difference® Multivariate difference® based
on 100 imputations
Lower High Mean (95% Cl) Pvalue Mean(95%Cl) Pvaue Mean(95%Cl) Pvaue

Diabetesknowledge, mean (SD) 8.2(1.1) 8.4(0.9) 0.16(-0.02to .09 0.13(-0.05to .16 0.13(-0.06 to .18

0.35) 0.30) 0.32)
Diabetes knowledge scoreof 9 73/132 270/434  1.33(0.90to .16 1.31(0.83to .25 1.27 (0.84to .26
vslower score, n (%) (55.3) (62.2) 1.97) 2.07) 1.92)
Patient Enablement Instrument, 7.3(2.8) 7.7(3.1) 0.39(-0.09to A1 0.53(0.04to .03 0.40 (-0.09to A1
mean (SD) 0.87) 1.02) 0.88)

8A|| analyses controlled for possible confounding by age, sex, time since diagnosis, age when the participant |eft education, and for clustering by country.

Table 6. Change in attitude behavioral control and physical activity intentions from baseline to follow-up across all groups and literacy levels.

QOutcome Plain text group Interactive group Lower health literacy High health literacy
Mean (95% Cl) Pvaue Mean(95%Cl) Pvaue Mean(95%Cl) Pvadue Mean(95%Cl) Pvaue

Physical activity attitude  0.10 (0.02-0.18) .01 0.22(0.11-0.34) <.001 0.15(0.02-0.27) .02 0.15(0.07-0.23) <.001

Perceived behavioral con- 0.34 (0.24-0.45) .001 0.35(0.22-0.47) <.001 0.33(0.17-0.49) <.001 0.34(0.24-043) <.001

trol

Physical activity intention 0.35(0.24-0.45) <.001  0.49(0.35-0.63) <.001 0.27(0.10-0.44) .002 0.46(0.35-0.56) <.001

Discussion

Principal Findings

The main finding of this study was that the interactive
intervention overall did not produce better outcomes than those
obtained by aplain-text version of the intervention. Participants
in the plain-text intervention group showed higher levels of
engagement by completing more sections of the intervention,
although this did not lead to better health literacy outcomes,
and participantsin the interactive intervention group had better
diabetes knowledge.

Health literacy outcomes significantly improved following the
intervention to a very similar extent in both groups. These
significant changes were reflected across al health literacy
levels and all countries, with participants reporting increased
beliefs in the benefits of physical activity, greater confidence
in undertaking physical activity, and a stronger intention to
increase physical activity as aresult of the intervention. Given
thelow levels of physical activity reported by our sample, these
changes in attitude to physical activity are positive, and it is
encouraging that we observed these changesin those with lower
levels of health literacy, since low self-confidence for physical
activity has been shown to be akey mediator of the association
between low hedth literacy and inactivity [42]. Diabetes
knowledge was higher in the interactive group, suggesting that
the interactive quiz format may have been useful for learning
new information. Both interactive and plain-text intervention
groups reported high levels of enablement asaresult of viewing
the intervention materials, and both intervention groups were
likely to recommend the intervention to friends or family with
diabetes.

Anadysis by hedth literacy level revealed few differences.
Participants with high levels of health literacy completed more
sections of theintervention, but thisdid not lead to better health

http://www.jmir.org/2017/1/e21/

literacy outcomes. Participantswith high health literacy reported
higher levels of enablement, and participants with lower health
literacy were more likely to recommend the intervention to
others, but these differenceswere not significant after correcting
for missing data. Despite these minor group differences, there
are encouraging signsthat the intervention design was accessible
and helpful for people with all hedth literacy levels. These
findings are consistent with evidence from previous research
that interventions designed to be accessible for people with
lower hedlth literacy can be suitable for people with higher
health literacy [15,22,43]. Participants with all health literacy
levels reported high levels of enablement and were likely to
recommend the intervention to friends or family memberswith
diabetes. We observed similar patterns of resultsin the United
Kingdom compared with other countries, suggesting the
trandated and adapted materials were equally effective. A
detailed description and illustrations of the intervention have
previously been published [22].

However, more work is needed to engage hard-to-reach
populations in Web-based interventions. Despite deliberately
sampling in socially deprived populations, we attracted
surprisingly few people with lower levels of health literacy.

Limitations

This study did not succeed in recruiting many participantswith
very low levels of health literacy, and the results can therefore
not be generalized to thisgroup. It is also important to note that
the results only refer to our version of interactivity, and others
may be able to produce more engaging interactive materials.
This study was not powered for examining interactions, and all
subgroup analyses were exploratory and should be interpreted
with caution. Therewere minor recruitment differences between
countries, which should be taken into account when interpreting
response rates. We did not undertake longer-term follow-up and
therefore do not know the extent to which the immediate
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intervention effect will endure in this population. Since this
study did not include a control group, we cannot draw firm
conclusions regarding the effectiveness of the Web-based
intervention content, since changesin attitudes before and after
viewing the content could in theory have been due to other
factors.

Conclusion

Inthisstudy, agood, clear design and person-based intervention
development [21,32] to establish an in-depth understanding of
the views and perspectives of target users appears to have been
more important than interactivity and audiovisual presentation
when developing accessible digital health interventions to
improve health literacy outcomes. This approach also seems
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able to be adapted for successful use in different counties and
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Abstract

Background: Socia mediaisemerging as an insightful platform for studying health. To develop targeted health interventions
involving social media, we sought to identify the patient demographic and disease predictors of frequency of posting on Facebook.

Objective: The aimswereto explore the language topics correlated with frequency of social media use across a cohort of social
media users within a health care setting, evaluate the differences in the quantity of social media postings across individual s with
different disease diagnoses, and determine if patients could accurately predict their own levels of social media engagement.

Methods: Patients seeking care at a single, academic, urban, tertiary care emergency department from March to October 2014
were queried on their willingness to share data from their Facebook accounts and electronic medical records (EMRS). For each
participant, the total content of Facebook posts was extracted. Using the latent Dirichlet allocation natural language processing
technique, Facebook language topics were correl ated with frequency of Facebook use. The mean number of Facebook posts over
6 months prior to enrollment was then compared across validated health outcomesin the sample.

Results: A total of 695 patients consented to provide accessto their EMR and social mediadata. Significantly correlated language
topics among participants with the highest quartile of posts contained health terms, such as* cough,” “ headaches,” and “insomnia.”
When adjusted for demographics, individual swith ahistory of depression had significantly higher posts (mean 38, 95% CI 28-50)
than individual s without a history of depression (mean 22, 95% CI 19-26, P=.001). Except for depression, across prevalent health
outcomes in the sample (hypertension, diabetes, asthma), there were no significant posting differences between individuals with
or without each condition.

Conclusions: High-frequency postersin our sample were more likely to post about health and to have adiagnosis of depression.
Thedirection of causality between depression and social media use requires further eval uation. Our findings suggest that patients
with depression may be appropriate targets for health-related interventions on social media.

(J Med Internet Res 2017;19(1):€7) doi:10.2196/jmir.6486
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Facebook; depression; natural language processing; social media
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Introduction

Morethan two billion individualsworldwide have social media
accounts [1]. Many, including 71% of adult Internet usersin
the United States, have a Facebook account, and 70% of users
report utilizing the platform on a daily basis [2]. The digital
divide is also narrowing because social media users are
increasingly diverse, representing all strata of gender, race, age,
income, and education [2]. Although social media is still
evolving, the scope of human engagement with social media
tools is vast, suggesting that these tools may be used to glean
meaningful insights about human health and behavior. For
example, prior work has shown that language used on social
media can be used to predict county-level heart disease, track
public sentiment around vaccines, and predict disease outbreak
[3-6]. To identify the patient groups and disease entities most
appropriate for targeting via social media interventions, we
sought to examine differences in posting quantity on social
media across health conditions.

In a given year, patients may only spend a few hours with
clinicians in a physical, face-to-face context [7]. This amount
of contact islimited in comparison to the vast majority of time
that patients spend outside the confines of the doctor’s office.
The concept of “automated hovering” proposesthe devel opment
of initiatives to follow patients' routine, everyday behaviors
(eg, diet, exercise, and medication adherence) in a manner that
is welcomed and convenient for patients for the purpose of
improving health outcomes [7]. Given that Facebook’s daily
active user base is more than a billion people worldwide, this
presents an opportunity to consider the potential for health
intervention in the social media sphere [8].

Within public health, social media platforms are increasingly
being explored as an avenue for health-related interventions.
These interventions have included using Twitter to support
smoking cessation efforts, Facebook to encourage physical
activity in college students, and online forums to enhance
emotional support among cancer patients[9-11]. Lessfocus has
been on which diseases and which cohorts of patients will be
the most receptive to social mediainterventions. Patientswithin
disease groupswho are already sufficiently engaged with social
media may be the most likely to respond to social media
interventions. Alternatively, due to the personal use of these
tools, health interventions through these platforms may not be
welcomed at all.

In this study, we focused on posting frequency and content on
a social media platform (Facebook) as one particular measure
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of social media activity. We sought to (1) describe variability
in social media use across a cohort of social media userswithin
a health care setting and explore the language topics correl ated
with frequency of use, (2) evaluate the differencesin the quantity
of social media postings acrossindividualswith different disease
diagnoses, and (3) determineif patients could accurately predict
their own levels of social media engagement to evaluate the
ability to use self-report of social media usage as a proxy for
actual use. Thiswork has the potential to inform which patient
groups may be most accessible for social media interventions.

Methods

Study Design

Thiswas a prospective study of patients seeking careinasingle,
urban, adult emergency department (ED) from March to October
2014. The study was approved by the Ingtitutional Review Board
at the University of Pennsylvania. Patients were excluded if
they had severe trauma, were younger than 18 years, in
respiratory distress, or had evidence of other severe illness.
Patientswere asked if they used Facebook. If patients responded
affirmatively, they were asked about their willingness to
participate in a study about social media. They were then told
that the study entailed “sharing” data from their Facebook
accounts (eg, statuses, photos, likes, demographics) and their
electronic medical records (EMRs) with health researchers.

Participants willing to share their Facebook data underwent a
thorough consent procedure. (A thorough analysis of sharer
versus nonsharer subsets can be found in Padrez et a [12].) A
written consent form was reviewed with aresearch assistant. A
copy of the written consent was then given to the patient. The
document explained the types of information that would be
extracted from the patient’ssocial mediaand EMR data. Patients
willing to share their Facebook information were then directed
to log in to their Facebook accounts and add a Facebook
“plug-in" app related to this study. Before adding the plug-in,
another agreement screen appeared detailing the information
that would be automatically extracted by the research team.
This app was designed for internal research use by the research
team using Facebook’spublic“ Graph” application programming
interface (API) with the primary purpose of extracting status
updates and limited account information [13]. A secondary
function gives feedback to the user about their most frequently
used language on Facebook relative to the general population.
A screenshot of this Facebook app can be seenin Figure 1. The
app only requires aFacebook account and is not tied to a specific
browser or operating system.
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Figure 1. Screenshots of data collection from the Facebook app. (A) illustrates the log-in page for the app, (B) illustrates a language description task
for users, and (C) illustrates part of the consent and privacy process for the study.
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Assessing Variability in Social Media Use Across a
Cohort

To assess Facebook use across the study cohort, we used an
automated process to extract data from each participant’s
Facebook account using the previously described Facebook
app. We extracted the following variables from each user’'s
Facebook account: number and content of status updates, and
number of friends. For each participant, the total number of
Facebook posts was extracted over 6 months prior to study
enrollment.

Medical and social mediadatawere stored on servers compliant
with the Health Insurance Portability and Accountability Act
at the University of Pennsylvaniain accordance with protocols
approved by the Penn Institutional Review Board.

Assessing L anguage M ost Commonly Associated With
High- and L ow-Posting Frequency

To digtil thelanguage of our sampleinto asmaller feature space,
we used a natural language processing technique; specifically,
we used an unsupervised clustering algorithm, latent Dirichlet
allocation (LDA) [14] implemented in the MALLET package
[15]. LDA assumes that each document (in our case, each
Facebook status post) is a mixture of “topics,” in which each
word is produced by one of the unobserved topics. The LDA

http://www.jmir.org/2017/1/e7/

RenderX

algorithm automatically finds the maximum likelihood
word-topic assignment, and produces topicsthat are clusters of
words that tend to co-occur in documents; these can be days of
the week or more abstract groups, such as profanity or words
related to food and drink. The parameter for number of topics
was chosen prior to any statistical analyses based on visua
inspection with the goal of balancing topic coherence
(specificity) with coverage of themesused in our Facebook post
sample (sengitivity).

Assessing Variability in Social Media Use Across
Disease Diagnoses

Demographic variables (age, race, and sex) were extracted from
the patient's EMR. Using International Classification of
Diseases, Ninth Revision (ICD-9) codes extracted from the
EMR, we identified the top eight prevalent conditions in our
sample based on each patient’s available historical EMR (years
1997-2014). In addition, during enrollment, patients compl eted
the Patient Health Questionnaire-2 (PHQ-2), a two-question
depression screen [16].

Assessing Accuracy of Perception of Social Media
Posting

During enrollment, participants were surveyed about their
perceived frequency of posting on socia media [2]. Patients
were grouped into four categories based on their reported
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frequency of posting (=3 timesdaily, 1-3 timesdaily, every few
days, about once per week or |ess).

Statistical Analysis

Language and Posting Frequency

After deriving 500 topics, including the probability of each
word given each topic, from our sample of Facebook status
messages, we applied the topic models to each participant’s
complete Facebook posting history, giving us a distribution
over the 500 topics for each participant. These made up our
independent language variables. Each topic was correlated with
a given outcome (eg, membership in the top-posting quartile),
controlling for age, sex, and race. To determine the significance
of atopic, each language variable (topic) was standardized and
separately used as an independent variablein alinear regression
to predict each outcome. Linear regression with a hinary
dependent outcome variable was employed to preserve

Smith et al

interpretability of the coefficient; standardized linear regression
coefficients are analogous to Pearson product moment
correlation. Ordering of resultsdid not change running the same
analyseswith logistic regression. Control variables (categorical
age, race, sex) were binarized (eg, isFemale, isAgeBinl,
isAfricanAmerican) and used as additional independent variables
to extract the specific predictive power of the language variable.
We obtained the standardized regression coefficient for the
language variable (hereafter referred to as 3), cal culated P based
on degrees of freedom, and then corrected for multiple
comparisons (across 500 topics) using the Benjamini-Hochberg
method [17]. Statistically significant topicswere then presented
as clusters of related words associated with posting frequency.
For example, we specifically examined age-, race-, and
sex-adjusted topics by quartiles of posting frequency. See
Schwartz et a [18] for additional details on the language
correlation analysis outlined here, as well as Figure 2 for an
outline of this process.

Figure 2. Stepsin language correlation analyses (adapted from Schwartz et al [17]). Broadly, step 1 involves deriving independent language variables
from the aggregated participant Facebook language data. In step 2, language topics are correl ated with other participant characteristics. In step 3, world
clouds and other figures are created to visualize the language-characteristic correlations.

Volunteer data
Social media Medical & personal Social media 3: Visualization
messages information usage
Facebook tweets Prior medical history Posting frequency
status messages Age Gender
Words and
phrases
1: Linguistic .

feature Automatic 2: Correlation

. topics i
extraction analysis

Posting Frequency and Diagnoses

Because the number of postsfor each participant over timewas
not normally distributed, a log transformation was performed
prior to analysis. To compare differences in quantity of
Facebook posts across demographi cs and health conditions, we
used the two-sample t test for binary variables and one-way
ANOVA for variables with three or more categories. To further
elaborate differences in posting between individuals with and
without each disease condition, we employed an anaysis of
covariance (ANCOVA) adjusting for the covariates of sex, age,
and race. For purposes of presentation, all transformed means
are presented asthe antilog (ie, datatransformed back into their
original form). These analyses were performed using SAS
statistical softwareversion 9.4 (SASInstitute, Cary, NC, USA).

Perception of Social Media Use

The mean number of actual posts was calculated within each
category of perceived posting frequency and compared across

http://www.jmir.org/2017/1/e7/

groups using a one-way ANOVA. Projected number of posts
wasinterpolated for each category based on the description over
time (eg, a perception of posting 1-3 times daily over 6 months
equatesto an estimated total of 180-540 total postsin that time
period).

Results

Enrollment and Demogr aphics

A total of 1433 patients agreed to participate in a study related
to social media and health. Of those, 1008 (70.34%) agreed to
sharetheir social media(eg, Facebook) and EMR for this study.
Of these, 250 had accounts with inaccessible data. Of the
remaining 748 participants, we excluded 53 (7.1%) participants
who solely utilized Twitter and did not report having Facebook
accounts. Among the 695 Facebook sharers, the mean age was
28.6 (SD 8.9) years, 74.0% (514/695) were female, and 70.4%
(489/695) self-identified as African American/black. See Table
1 for statistics on the sample reported here.
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Table 1. Facebook postsin the 6-month period prior to enrollment and demographics of participants (N=695).

Demographic n Mean (95% CI)2 P value
Sex
Female 514 27 (24-32) .006
Male 181 18 (15-23)
Race
African American/black 489 27 (24-32) .04
White 141 19 (14-25)
Other race 65 20 (13-31)
Age (years)
18-29 437 28 (24-33) .02
30-39 173 20 (16-26)
40-49 60 23 (15-35)
>49 25 12 (6-23)
Facebook friend count
Q1 (874-4800) 173 40 (31-51) <.001
Q2 (483-873) 175 22 (17-28)
Q3 (295-482) 175 26 (21-34)
Q4 (13-294) 171 16 (12-21)
Posting frequency
>3 times daily 154 51 (40-66) <.001
1-3 times daily 161 42 (33-53)
Every few days 176 25 (20-32)
Once per week or less 204 9(7-11)

8All analyses were performed using logyo of Facebook posts. Values transformed back for presentation purposes.

Variability in Social Media Use Across a Cohort

The mean number of posts in the previous 6 months was 25
(IQR 7-89), which equates to amean of one post per week. The
mean number of postsin the previous month was4 (IQR 1-15),
which similarly equatesto amean of one post per week. Because
mean frequency of posting was consistent across the two time
periods (1 month and 6 months prior to enrollment), we present
data for the number of posts over the 6-month period prior to
study enrollment. Table 1 illustrates the differences in posting
frequency across demographics in our sample. Women posted
amean 27 (95% Cl 24-32) posts compared to a mean 18 (95%
Cl 15-23) posts by men (P=.006). Participants older than 49
years had fewer mean Facebook posts (mean 12, 95% CI 6-23)
compared to younger (age 18-29) participants (mean 28, 95%
Cl 24-33, P=.02). Across racia groups, patientsidentifying as
African American had the highest posting mean (mean 27, 95%
Cl 24-32, P=.04).

L anguage of High-Frequency Users

To further characterize the differences in high- and
low-frequency users, we developed topic word clouds using

http://www.jmir.org/2017/1/e7/

LDA. Figure 3 shows that the language topics most highly
correlated with being in the highest quartile of Facebook posters
(>90 posts in 6 months) related to health and illness. For
example, the language topic most correlated with the highest
quartile of posters (=0.240) contained the words “sleep,”
“wide” “deepy,” “insomnia” and “wake.” The second-most
correlated topic (3=0.214) contained the words“throat,” “sick,”
“nose,” “hurt,” and “sore.” The third-most correlated language
topic (=0.183) contained the words “hurt,” “tummy,’
“stomach,” “head,” and “bad.” The topics most negatively
correlated with posting frequency (3=-0.174) contained language
related to “wishes” “birthday,” “special,” “wishes” and
“celebration.”

Variability in Social Media Use Across Disease
Diagnoses

We examined differences in posting quantity across |CD-9
health conditions with the highest prevalence (n>50) in our
sample (Table 2).
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Figure 3. Language of high- and low-frequency Facebook posters. (a) The blue text bubbles illustrate the language topics most positively correlated
with participant posting frequency and (b) the green text bubbles illustrate the language topics most negatively correlated with participant posting

frequency.
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Table 2. Prevalence of most common conditions from the electronic medical record within our participant sample (N=695).

Condition n (%)
Headaches 272(39.1)
Back pain disorders 243 (35.0)
Anemia 177 (25.5)
Depression 134 (19.3)
Asthma 134 (19.3)
Neoplasm 108 (15.5)
Hypertension 98 (14.1)
Diabetes 66 (9.5)

We also compared posting quantity differences based on the
results of the depression screen within the ED. Among patients
who screened positive for depression in the ED, the mean
number of posts was 38 (95% CI 27-52), which was notably
higher than the postings of individuals who did not screen
positive for depression (mean 23, 95% CI 20-26, P=.003).
Individuals with a history of depression or asthmain their past
medical history also had higher mean Facebook postings
compared to individuals without a history of depression
(depression: mean 38, 95% Cl 29-50; no depression: mean 22,
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95% CI 19-22, P=.001) or asthma (asthma: mean 34, 95% CI
24-45; no asthma: mean 25, 95% CI 20-26, P=.02). There were
no significant differences in Facebook posting frequencies
between patients with and without the following conditions:
hypertension, diabetes, headaches, back pain, anemia, and
cancer. After using an ANCOVA model to control for age, race,
and sex, the depression screen and depression medical history
were the only heath outcomes that showed significant
differences in mean posting quantities between patients with
and without a disease (Table 3).
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Table 3. Unadjusted and adjusted (sex, race, age) mean® Facebook postsin the 6 months prior to enrollment by presence or absence of highly prevalent
International Classification of Diseases, Ninth Revision codes in the electronic medical record.

Health condition n Unadjusted mean posts Adjusted mean posts
Mean (95% CI) P value Mean (95% CI) P value

Depression screen
Positive 120 38 (27-52) .003 37 (27-49) .005
Negative 575 23 (20-26) 23 (20-26)

Depression
Yes 134 38 (29-50) .001 38 (28-50) .001
No 561 22 (19-26) 22 (19-26)

Asthma
Yes 134 34 (25-45) .02 31 (23-41) A1
No 561 23 (20-26) 23 (20-27)

Headaches
Yes 272 29 (24-35) .05 28 (23-34) 69
No 423 22 (19-26) 23 (19-27)

Anemia
Yes 177 23 (18-30) 57 22 (17-29) 36
No 518 25 (22-29) 26 (22-30)

Diabetes
Yes 66 26 (17-40) 73 29 (19-43) 46
No 629 25 (21-28) 24 (21-28)

Hypertension
Yes 98 26 (18-37) 78 30 (21-42) 27
No 597 25 (21-28) 24 (21-27)

Neoplasm
Yes 108 24 (17-34) 94 26 (19-36) 69
No 587 25 (22-28) 24 (21-28)

Back pain
Yes 243 25 (20-31) 96 25 (20-31) .96
No 452 25 (21-29) 25 (21-29)

8Al| analyses were performed using log; g of Facebook posts. Values transformed back for presentation purposes.

Per ception of Posting Frequency

Within the sample, 154 of 695 (22.1%) participants reported
posting on Facebook three or more times per day, 154 of 695
(22.1%) reported posting oneto three times per day, 176 of 695
(25.3%) reported posting once every few days, and 204 of 695
(29.3%) reported posting once a week or less. There was no
significant variation in self-reported posting frequency based
on gender, race, or age.

Parti cipants who reported posting on Facebook more frequently
did, in fact, have more Facebook posts. For example, in the 6

http://www.jmir.org/2017/1/e7/

months prior to enrollment, among participants who reported
posting three or more times daily, the mean total posts was 51
(95% CI 40-66) compared to mean 42 (95% CI 33-53) postsin
the one to three times daily category, mean 25 (95% Cl 20-32)
postsinthe every few days category, and mean 9 (95% Cl 7-11)
posts in the once per week or less category. The difference in
mean posting frequency across the four posting frequency
groups was significant over the 6 months prior to enrollment
(P<.001). Figure 4 illustrates the logarithmic relationship
between mean actual posting amount and mean projected posting
amount based on the four categories of perceived posting
guantity.
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Figure 4. Actua versus projected mean number of posts by perceived posting frequency.
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Discussion

Our study had four mgjor findings: (1) there was significant
variation in Facebook posting frequency within our patient
sample; (2) high-frequency posters wrote about topics related
to health; (3) when controlling for demographic variables, there
were significant differences in Facebook posting quantities
between individuals who screened positive for and/or had a
clinical diagnosis of depression; and (4) patients are relatively
good predictors of their Facebook posting frequency over time.

Variation in Social M edia Posting

We found that there was significant variation in Facebook
posting frequency within our patient sample. These differences
may alow us to identify and distinguish health-related
characteristics that are specific to subsets of patients based on
their levels of social media use.

High-Frequency Posters Write About Topics Related
to Health

The language topics most correlated with the highest quartile
of users in our sample indicate that high-frequency users
communicate about health and disease on Facebook profiles.
This suggests that there may be further insights to be gained
from studying the language of social media within this
high-posting population. By contrast, among the low-frequency
posters, the topics of “birthday” and “celebration” indicate that
this subset of the sample is primarily posting on Facebook in
response to being prompted by the Facebook platform (ie, to
wish someoneahappy birthday). Thelanguage of low-frequency
posters may be less rich for identifying potential health
interventions.

Depression and High-Posting Frequency

Our study suggests that posting frequency was associated with
depression, but not with other disease diagnoses. Individuals
screening positive for depression symptoms are more likely to
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post more frequently on Facebook, regardless of the content of
their posts. As such, depression and other mental health
conditions may be ideal candidates for pursuing social media
interventions. We know that social media platforms are being
mined for insights about health and disease with the potential
for meaningful interventions[19,20]; in fact, Facebook recently
introduced an online tool to help identify individuals at high
risk for suicide [21].

There could be severa explanations for our finding that
high-frequency posting seemed to be more common in those
with positive depression symptoms or adiagnosis of depression.
In fact, our results provide an extension to a growing body of
literature on this topic. Previous work by Bessiére et a [22]
showed that increased use of the Internet for the purpose of
connecting with friends and family is associated with decreased
rates of depression. However, work by Sagioglou and
Greitemeyer [23] showed that increased Facebook usage,
although distinct from total Internet use, correlated with negative
mood. In contrast, other reports showed no association between
time on social networking sites and PHQ-9 score [24]. Work
by Hampton et al [25] suggested that high-frequency exposure
to digital media may cause users to be more aware of stressful
events in the lives of others, indirectly causing higher stress
levelsin the user, termed the “ cost of caring” [26]. Other work
by Steers et a [27] suggests that increased time on Facebook
causes people to feel depressed due to comparative feelings of
inadequacy. Our work is distinct within this growing body of
literature in that we used a validated EMR, as opposed to
self-report, to identify patient mental health conditions.

It isunclear at this point what direction the depression-posting
relationship entails. Individuals in the developing stages of
depression may be posting on Facebook with greater frequency
as a means to reach out to a social network, escape a sense of
isolation, or maintain connectivity. Conversely, it is possible
that high-frequency activity on Facebook or any other virtual
connectivity platform may contribute to underlying depression.
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Either way, knowing that a user is a high-frequency poster may
be a useful signal to indicate appropriate screening for
depression.

Patients Predict Their Own Social Media Use

Accuracy of patient self-reported activity is often either
unreliable or unknown in other domains of medicine [28-30].
If social media usage is ever deemed to be arisk factor for the
development or presentation of an illness, our findings suggest
that patients may provide reliable information regarding their
own usage.

Limitations

This study has severa limitations. Findings are reported from
aconvenience sample of primarily young, predominantly black
women who enrolled viaasingle, urban, academic medical ED.
These demographics are not nationally representative, but our
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sample did represent a target population with high rates of
chronic disease. We also limited our analyses to Facebook,
although we recognize that social media encompasses a broad
range of ever-evolving online platforms. We al so recogni ze that
“posting” is merely one proxy of social media engagement
because most people silently observe online activity without
tangibly contributing, which isharder to observe and track [31].

Conclusion

Posting frequency on Facebook varied across demographics
and health conditions. In our sample, individual swith depression
were more likely to post more content on Facebook than those
who were not depressed, suggesting that depression may be an
ideal disease target for intervention on sociad media
Furthermore, the language of high-frequency postersillustrates
that patients do post about health. Patientsare relatively accurate
assessors of their own social media posting habits.
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Abstract

Background: Digital mental health tools have tended to use psychoeducational strategies based on treatment orientations
developed and validated outside of digital health. These features do not map well to the brief but frequent ways that people use
mobile phones and mobile phone appstoday. To address these challenges, we devel oped a suite of appsfor depression and anxiety
called IntelliCare, each devel oped with afocused goal and interactional style. IntelliCare apps prioritize interactive skillstraining
over education and are designed for frequent but short interactions.

Objective: Theoveral objective of this study wasto pilot acoach-assisted version of IntelliCare and eval uate its use and efficacy
at reducing symptoms of depression and anxiety.

Methods: Participants, recruited through a health care system, Web-based and community advertising, and clinical research
registries, were included in this single-arm trial if they had elevated symptoms of depression or anxiety. Participants had access
to the 14 IntelliCare apps from Google Play and received 8 weeks of coaching on the use of IntelliCare. Coaching included an
initial phone call plus 2 or more texts per week over the 8 weeks, with some participants receiving an additional brief phone call.
Primary outcomes included the Patient Health Questionnaire-9 (PHQ-9) for depression and the Generalized Anxiety Disorder-7
(GAD-7) for anxiety. Participants were compensated up to US $90 for completing all assessments; compensation was not for app
use or treatment engagement.

Results. Of the 99 participants who initiated treatment, 90.1% (90/99) completed 8 weeks. Participants showed substantial
reductions in the PHQ-9 and GAD-7 (P<.001). Participants used the apps an average of 195.4 (SD 141) times over the 8 weeks.
The average length of use was 1.1 (SD 2.1) minutes, and 95% of participants downloaded 5 or more of the IntelliCare apps.
Conclusions: Thisstudy supportsthe IntelliCare framework of providing asuite of skills-focused appsthat can be used frequently
and briefly to reduce symptoms of depression and anxiety. The IntelliCare system is elemental, allowing individual apps to be
used or not used based on their effectiveness and utility, and it is eclectic, viewing treatment strategies as elements that can be
applied as needed rather than adhering to a singular, overarching, theoretical model.

Trial Registration: Clinicaltrials.gov NCT02176226; http://clinicaltrials.gov/ct2/show/NCT02176226 (Archived by WebCite
at http://lwww.webcitation/6mQZuBGk1)

(J Med Internet Res 2017;19(1):€10) doi:10.2196/jmir.6645
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Introduction

Psychological treatments, athough effective in treating
depresson and anxiety [1,2] and preferred to
psychopharmacological treatments by two-thirds of patientsin
primary care[3-6], areinaccessible by up to 75% of people due
avariety of barriers including lack of availability of services,
time congtraints, transportation problems, and cost [7,8].
Furthermore, due to the high prevalence of both depression and
anxiety disorders, we will likely never be able to meet the
demand for services with standard one-on-one intensive
treatments[9].

To overcome these barriers and meet treatment needs, a wide
variety of Web-based treatments have been developed and
shown to be highly effective in the treatment of depression and
anxiety, particularly when coupled with some human support
to promote adherence and enhance outcomes [10,11]. These
programs, leveraging the strengths of computer-accessed Web
programs in  providing information, have strong
psychoeducational components along with some interactional
components that function much like worksheets [12].

Substantially lessis known about the use of mobile phone apps
for the treatment of anxiety and depression [13]. The use of
mobile phonesisrapidly increasing around the world, with 72%
of Americansusing mobile phonesin early 2016—up from just
35% in early 2011 [14]. People use their phones for a variety
of functions including supporting their health. A recent US
national survey indicated that more than half of mobile phone
users (58%) have downloaded at |east one health-related mobile
app [15], and more than half of outpatient psychiatry patients
report wanting to use mental health apps[16].

A key challengeis designing apps to be useful and usable. The
use of mobile phones and mobile phone apps tends to differ
considerably from the use of desktop computers and websites
with considerations ranging from screen real estate to where
and when they are used. Although websites can be designed to
be responsive and accessible via multiple devices, including
mobile phones, if interactional styles remain highly didactic
this approach fails to consider the unique affordances and
challenges of using mobile phone apps[17]. For example, apps
that require lengthy engagement times, or that have deeper
navigation to provide multiple features do not fit well with how
people use mobile apps. Typically, popular apps serve singular
purposes, such as searching for restaurants or businesses,
managing flights, or posting pictures. People tend to use apps
invery short bursts of time, sometimesfrequently [18,19]. Thus,
apps tend to use simple interactions, are quick to use, and
support asingle or limited set of related tasks.

This creates anumber of problemsfor the design of interactive
apps aimed at improving mental health. Most apps provide
psychoeducation viatext or video, or ssimply facilitate logging
symptoms or mood, requiring the bulk of treatment to be
conducted el sewhere, such as face-to-face or through computer
interfaces [20,21]. Given that for many people mobile phones

http://www.jmir.org/2017/1/e10/
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represent their only access to the Internet [14], mobile phone
intervention apps that do not require other devices will be
important for broader dissemination. Furthermore, solutions
that are independent of other treatment sources and use the app
and mobile phone as the platform to enable new digitally
enabled services can help provide a more distinct option from
traditional approachesto mental health service delivery. Indeed,
psychoeducational or curricular approachestend to lean heavily
on content and concepts from psychotherapy developed for
face-to-face therapy, such as cognitive-behavioral therapy [22],
which results in a skeuomorph, tunneling the vision of
developers to the exclusion of innovation and limiting the
options for consumers [23]. To address these challenges, we
designed IntelliCare using the Behavioral Intervention
Technology (BIT) Model as aframework [24] to be elemental,
skills-based, and eclectic, and more consistent with afrequent,
dynamic style of real-world interactions rather than a weekly,
didactic model drawn from face-to-face practices.

IntelliCare is elemental in that it is a suite of apps, each
supporting asingle skill or using asingle interactional style to
support acquisition of a set of skills with a focused theoretical
aim related to depression or anxiety (eg, goal setting, cognitive
restructuring, exposure). Thisis consistent with the USInstitute
of Medicine's report outlining a framework for establishing
evidence-based standardsfor psychosocial interventions, which
recommended identifying effective treatment elements [25].
IntelliCareis skills-based, emphasizing in-the-moment practice
of new skills over psychoeducational or curricular approaches.
Most IntelliCare apps prioritize “doing” over knowledge
acquisition. Thus, the user is prompted to do the task right at
the beginning of the interaction. For most apps, there is no
explanation prior to engagement. Apps were designed to make
theinteraction asintuitive as possible. Minimal didactic content
relegated to a “Help” section in almost al apps. Apps are
designed for brief, frequent interactions to be used
in-the-moment, consistent with prevailing mobile phone use
patterns using common interaction elements (eg, logging,
checklists, reminders, simple gamification). IntelliCare is
eclectic, ascurrent evidence-based behaviora and psychological
strategies come from diverse theoretical frameworks (eg,
acceptance and commitment therapy, cognitive-behavioral
therapy, positive psychology, problem-solving therapy). This
is consistent with a growing movement arguing that treatment
elements should be applied based on patient variables and
preferences, rather than the theoretical orientation from which
they evolved [26,27]. Therefore, the IntelliCare app suite is
intended to be a framework that is extensible and modifiable.

Most of these apps have been avail able on the Google Play store
since September 2014. A recent paper describing thefirst 10,131
downloads showed good use, with the mean app launch rate
ranging from 3.1 to 17.0, and mean time from first to last launch
ranging from 13.0 to 25.3 days, depending on the app [28].
However, evaluation of clinical benefit from that sample was
lacking. Sincetheinitial Google Play deployment, another app,
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BoostMe, was added after extensive user research and usability
testing, which focused on behaviora activation [29].

In addition to evaluating clinical efficacy, the other major
departure between the Google Play store deployment and this
study istheinclusion of coach support. The addition of acoach
to support treatment and adherence with the program is
important, given that coaching appears to improve outcomes
with mobile interventions [30]. Although it is true that many
stand-alone apps exist in app marketplaces, many offerings are
beginning to include human support (eg, Coach.me, Ginger.io,
Joyable, Lantern). Many human support models have been
developed in the context of more psychoeducational programs,
for example, [31,32]. Our objective wasto develop and evaluate
a lean, low-effort coaching protocol aimed at efficiently
promoting use and positive outcomes that would be consistent
with the interactional style of these apps.

The primary aim of this single-arm pilot study was to evaluate
the change in depression and anxiety, aswell asapp use, during
8 weeks of IntelliCare supported by low-intensity coaching.

Methods

Participants

Participants were recruited from March 2015 to March 2016
from avariety of sourcesincluding the Minnesota-based health
care system, HealthPartners, online (eg, ResearchMatch,
Craigdlist, Reddit, clinicaltrials.gov, socia media advertising)
and community (eg, print advertisements posted on public
transportation, media) advertising, and clinical research
registries. Recruitment materialsinformed participants that the
study was examining the use of mobile phone apps to teach
self-management skills for depression and anxiety.

Participants were included in this single-arm field trial if they
exhibited depressive symptoms indicated by a score of 10 or
higher on the Patient Health Questionnaire-9 (PHQ-9) [33], or
anxiety symptoms indicated by a score of 8 or higher on the
Generalized Anxiety Disorder-7 (GAD-7) questionnaire [34];
were 18 years of age or older (age 19 if in Nebraska, given age
of consent); could speak and read English, living in the United
States;, and owned and were familiar with an Internet-ready
Android mobile phone with data and text plans. The PHQ-9
and GAD-7 closely match the Diagnostic and Statistical Manual
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of Mental Disorders (DSM-5) criteria for major depressive
disorder and generalized anxiety disorder, respectively.
Furthermore, these measures are widely used in primary care
settings and useful for identifying and monitoring depression
and anxiety in clinical and general populations [35-37]. Thus,
these inclusion criteria are similar to what might be expected
toidentify people at need for real-world deployments of similar
treatment options. Participants were excluded if they had any
visual, hearing, voice, or motor impairmentsthat would prevent
completion of study procedures; met diagnostic criteria for a
severe psychiatric disorder (eg, bipolar disorder, psychotic
disorder, dissociative disorder) or any other diagnosisfor which
thistrial waseither inappropriate or dangerous; exhibited severe
suicidality including having ideation, a plan, and intent; had
initiated or changed antidepressant or antianxiolytic
pharmacotherapy in the previous 14 days; or had used any of
the IntelliCare apps for more than 1 week in the last 3 months.

Procedures

The IntelliCare field trial was approved by the Northwestern
University institutional review board and monitored by an
independent data and safety monitoring reviewing board. People
interested in participating completed an initial Web-based or
telephone screener and, if eligible to continue, were sent the
consent form. Once signed, the consent form was reviewed over
the telephone with research staff to ensure understanding, after
which people received an eligibility assessment consisting of a
phoneinterview and Web-based questionnaires. People meeting
eigibility criteria were offered participation in the field trial.
As part of the field trial, participants received 8 weeks of
coaching aimed at helping them use the IntelliCare app suite,
and received additional assessments at weeks 4 and 8.
Participants were compensated for completing all assessments
and could earn up to US $90. Payment was not tied to app use
or engagement in coaching.

IntelliCare Apps

ThelntelliCare program consisted of 14 appsintotal, including
13 clinical apps designed to improve symptoms of depression
and anxiety through efficacious treatment strategies, and the
“Hub” app, which coordinates a user’s experience with the
clinical apps [28]. A description of each clinical app can be
found in Table 1.

JMed Internet Res 2017 | vol. 19 | iss. 1 [e10 | p.62
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Description of IntelliCare apps.
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App Behavioral strategy Description

IntelliCare Hub Manages messages and notifications from the other apps within the IntelliCare collection.

Aspire Persona valuesand  Guides user to identify the values that guide one’slife and the actions (or “paths’) that one does

goal setting to live that value. Helps keep track of those actions throughout the day and supports the user in
living a more purpose-driven and satisfying life.

Day to Day Psychoeducationand  Deliversadaily stream of tips, tricks, and other information throughout the day to boost the user’s

prompts mood. Prompts the user to work on a particular theme each day and every week; learn more about
how to effectively cultivate gratitude, activate pleasure, increase connectedness, solve problems,
and challenge one’s thinking.

Daily Feats Goal setting Encourages the user to incorporate worthwhile and productive activities into the day. Users add
accomplishments to the Feats calendar, where they can track their positive activity streaks and
level up by completing more tasks. Hel ps motivate users to spend their days in more meaningful,
rewarding ways to increase overall satisfactionin life.

Worry Knot Emotional regulation  Teachesthe user to manage worry with lessons, distractions, and aworry management tool. Provides

and exposure aguided tool to address specific problems that a user cannot stop thinking about and provides
written text about how to cope with “tangled thinking.” Presents statistics about progress as the
user practices coping with worry, gives daily tips and tricks about managing worry, and provides
customizable suggestions for ways to distract oneself.

ME Locate Behavioral activation Provides a personal map for finding and saving user’s mood-boosting locations. Assists the user
in finding and remembering these places to help them make plans, maintain a positive mood, and
stay on top of responsibilities.

Socia Force Social support Prompts the user to identify supportive peoplein their lives, and provides encouragement for the
user to get back in touch with those positive people.

My Mantra Self-affirmationsand  Prompts the user to create mantras (or repeatable phrases that highlight personal photo strengths

Thought Challenger

positive reminiscence

Cognitive reframing

iCope Proactive coping
Purple Chill Relaxation
MoveMe Exercise for mood

Slumber Time

Boost Me

Sleep hygiene

Behavioral activation

and values and can motivate one to do and feel good) and construct virtual albumsto serve asen-
couragement and reminders of these mantras.

Guides the user through an interactive cognitive restructuring tool to examine thoughts that might
exaggerate negative experiences, lead one to be overcritical, and bring down one’s mood. Teaches
the user to get into the habit of changing perspective and moving toward a more balanced outlook
onlife.

Allows the user to send oneself inspirational messages and reassuring statements, written in their
own words, to help the user get through tough spots or challenging situations.

Provides userswith alibrary of audio recordingsto relax and unwind. Teachesavariety of relaxation
and mindfulness practices to destress and worry less.

Helps the user select exercises to improve mood. Provides access to curated exercise videos and
to written lessons about staying motivated to exercise. Allows the user to schedule motivational
exercise time for oneself throughout the week.

Prompts the user to complete sleep diaries to track sleep. Provides a bedtime checklist intended
to clear one’smind before going to sleep. Provides audio recordingsto facilitate rest and relaxation.
Features an alarm clock function.

Encourages users to select and schedule positive activities (“boosts’) when they notice adrop in
mood and to track positive activities they note positively impacting their mood. Includes animated
mood tracking for pre or post positive activities, calendar integration, and suggested activities that
are auto-populated based on past mood improvement.

The apps prioritize the use of an interactivetool to help the user
learn skills and engage in the treatment strategy. These tools
aretypically either on thefirst screen or accessible directly from
it, thereby requiring little navigation. Tools are designed to be
intuitive, requiring few instructions, and each app contains brief
“tips’ on the home screen to guide users through their first
interaction with anew tool. Any didactic or psychoeducational
material isusually available under the “Help” menu, usually in
atemplate form that includesthe following topics: (1) Why use
thisapp, (2) How can thisapp help me, (3) How to usethisapp,
(4) How often to use this app, (5) What might get in the way of
using this app, and (6) Call to Action or What to do now. The
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clinical appsare availablefor free download on the Google Play
Store.

The Hub app provides a number of organizing functions for
users. It consolidates notifications, so those who have multiple
IntelliCare apps have a single notification view, and all
IntelliCare apps are listed and can be downloaded through the
Hub app. The Hub app al so provides recommendations for new
apps (2 per week). In this trial, weekly recommendations for
new apps were made randomly to support the development of
the recommendation engine. Once the planned recommender
engineis completed, app recommendationswill be derived from
algorithms of patterns of use datato identify appsthat the person
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will most likely use and find useful. Participants were also free
to explore and download apps on their own. Participants were
not restricted in the number of apps they could have on their
phone or use at any given point in time. However, for thistrial,
participants were guided to choose 1 or 2 apps to focus on per
week to provide them with an opportunity to build proficiency
in these 1 or 2 skills. To support this model, the Hub app also
contains a feature that allows users to identify 1 or 2 of the
IntelliCare apps as “primary,” meaning they are the main
treatment focus for a given week, with the goal of having them
try avariety of apps during the study period and learn severa
skills that help them accomplish their goals. Appsidentified as
primary are highlighted on the app’s home screen.

Coaching Protocol

The coaching protocol was based on aspects of the Efficiency
Model of BIT Support [38] and supportive accountability [39].
Coaching was aimed primarily at encouraging participants to
try the apps recommended to them through the Hub app.
Coaches also answered questions about how to use the tools
found in the apps and the rationale behind the skills taught by
the apps, encouraged application of skills in daily life, and
provided some technical support as needed. Coaching began
with an initial 30- to 45-minute engagement phone call to
establish goals for mood and anxiety management, ensure the
participant could download the Hub app from the Google Play
store, introduce the suite of available mobile phone apps, build
rapport, and set expectations for the coach-participant
relationship. Thereafter, participantsreceived 1-2 texts per week
from their coach to provide support, offer encouragement,
reinforce app use, and check-in on progress or challenges.
Coaches a so responded to all participant-initiated texts within
1 working day. Coaches were trained and monitored by one of
the authors (KNT) and had at least a bachelor’s degree.

The coaches had a dashboard that provided information about
theIntelliCare apps on each participant’s phone, including which
apps were installed, when they were downloaded, each time an
app was used, and which apps were selected as “primary” in
the Hub app. The dashboard also included an short message
service (SMS) messaging tool, asection for brief notes, and an
alert indicating when no IntelliCare app had been used for 3
days, prompting coaches to check in.

Coaches were explicitly prohibited from making any
recommendations about which apps to use, primarily because
the aim of developing arecommender system required for that
use and app selection reflect users’ intentions and actions. Thus,
themajor focusin the early part of thetrial was on encouraging
engagement with the IntelliCare system, but not influencing
which app or how frequently any particular app was used. This
balance proved difficult to manage, resulting in confusion among
participants about how they should use the IntelliCare system
and therole of coaches (thisinformation came from participant
feedback interviews used for quality improvement) and difficulty
on the part of coachesin how to manage participants’ confusion.
Minor clarifications and adjustments were made to coaching
protocol to try to address these i ssues; however, approximately
halfway through the field trial, a somewhat more substantive
modification was made to address these concerns. The protocol
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was changed such that coaches made a clear recommendation
during the engagement call that participants focus on learning
1 new app per week, and thiswas reinforced by checking viaa
text asking which app they selected (even though this was
usualy visible on the dashboard). Coaches were instructed to
encourage participants to first review the recommended apps
and then explore the list of apps on their own when deciding
which app to focus on for the week. If the participant reported
being unsure about which app to choose, or directly asked the
coach for arecommendation, coaches were then ableto provide
suggestions for specific apps. A 10-minute phone call at week
4 was also offered to check in on participant experiences with
utilization of the program and any relevant concerns with the
coaching.

Coaches

Coaches (N=4) had at least a bachelor’s degree in psychology
or arelated field. Coachesreceived adetailed coaching manual,
aswell astraining in the principles of coaching and motivational
interviewing strategies. Coaches were also required to use the
IntelliCare apps daily over several weeks during the training
period and encouraged to continue to use the apps to maintain
fluency with various aspects of treatment. Coaches also received
30-60 minutes of individual supervision per week, and also
attended weekly group supervision including ongoing training
didactics. Training and supervision were provided by one of
the authors (KNT), who al so authored the coaching manual.

Assessment and M easur ement

At baseline, prospective participants were screened and
characterized using the Mini International Neuropsychiatric
Interview (MINI). The MINI [40], a structured interview, was
administered over the telephone by trained clinical evaluators
who were supervised by aPhD level psychologist. Demographic
information was collected via a self-report survey. Questions
about pharmacotherapy and psychotherapy use were added
shortly after the trial began, and 2 participants were not
administered these questions. This explains the different
denominator used for theseresults. Depression and anxiety were
measured at baseline, week 4, and week 8 using the PHQ-9 and
GAD-7, respectively. All assessment data were collected and
managed using REDCap el ectronic data capture tools hosted at
Northwestern University [41].

App use data from app launch and use logs were collected
passively. An app use session is defined as a sequence of
user-initiated actions or events separated by lessthan 5 minutes
between events. A new app launch is defined as a new activity
after 5 min of no activity (we note that some apps have audio
or video content that may last longer than 5 min, in which case
the running content is counted as activity). Thelength of an app
use session isthe time from first launch or use of an app to the
last event in a session.

Statistical Analyses

Baseline demographic and clinical characteristicswere reported
as frequency and percent for categorical variables and median
and interquartile range (IQR) for continuous variabl es. Outcome
measures over time were reported as means and standard
deviations. Baseline characteristics were compared between
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participants meeting preliminary screening criteria and
participants ultimately enrolled using a 2-sample t test for
continuous variables and a chi-square test for categorical
variables. Linear mixed-effects models were used to evaluate
continuous PHQ-9 and GAD-7 scores over time and associations
between participant demographic characteristics. Generalized
linear mixed-effects models were used to evaluate symptom
remission (PHQ-9<10 and GAD-7<8) over the study period.
Participants completing at | east two foll ow-up assessmentswere
included in the analysis of primary outcomes. Usability of the
IntelliCare apps were reported using frequencies and means.
Session frequency over the course of the study period was
evaluated using generalized linear mixed-effects regression
models assuming anormal distribution. Differencesin total app
use ons and total app time across participant demographic
characteristics were assessed using the nonparametric Wilcoxon
rank-sum test. All analyseswere performed using SAS, version
9.4 (Cary, NC, USA).

Figure 1. CONSORT Diagram of participant flow.

Assessed for eligibility (n=458)

Mohr et al

Results

Participants

A total of 105 participants consented and were enrolled in the
field trial. Of those enrolled, 6 participants did not respond to
attempts to initiate treatment. An additional 3 participants did
not complete any follow-up assessments after the baseline
assessment, resulting in final analytic samples of 99 parti cipants
with usability data and 96 participants with at least two
outcomes assessments. The flow of patients through the study
isdisplayed in Figure 1.

Baseline characteristics of participants can be found in Table
2. The depression criterion of a PHQ-9 total score =10 was met
by 78.1% (82/105) enrolled participants. The criterion for
anxiety of a GAD-7 total score >8 was met also met by 78.1%
(82/105) participants, and 60% (63/105) met criteria for both
depression and anxiety.

Enrollment

Enrolled in field trial (n=105)

Excluded (n=353)

Not meeting inclusion criteria (n=256)
Exclusionary diagnosis (psychotic, bipolar, and
so forth) (n=83)

Low symptoms (n=67)

No Android device (4.0 or higher) (n=22)
Prior IntelliCare use criterion (n=17)
Other (n=67)

Refused to participate (n=29)

Lost to follow-up (n=56)

Enroliment closed (n=10)

Other reasons (n=2)

Assigned to coach (n=105)
Received intervention (n=99)

Allocation

Did not receive intervention (n=6)
Unable to schedule enroliment call (n=4)
Participant withdrew prior to enroliment call (n=2)

Lost to follow-up (n=1)

Follow-up

Discontinued intervention (n=2)

Unable to reach for assessments (n=1)

Too busy to remain in study (n=2)

Analyzed (n=96)

Analysis

Missing only week 4 assessment (n=2)
Missing only week 8 assessment (n=2)
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Table 2. Sample characteristics (N=105).

Demographics Median (IQR?) or n (%)
Age (years), median (IQR) 36 (27-50)
Gender, n (%)
Female 80 (76.2%)
Male 25 (23.8%)
Ethnicity, n (%)
Not Hispanic or Latino 99 (94.3%)
Hispanic or Latino 5 (4.8%)
Declined to report 1(1.0%)
Race, n (%)
Black or African American 8 (7.6%)
American Indian or Alaska Native 1(1.0%)
Asian 6 (5.7%)
White 88 (83.8%)
More than 1 race 1(1.0%)
Declined to report 1(1.0%)

Marital status, n (%)

Single 35 (33.3%)
Married or domestic partner 38 (36.2%)
Separated 1(1.0%)
Divorced 13 (12.4%)
Widowed 3(2.9%)
Living with significant other 15 (14.3%)

Education, n (%)

Some high school 1(1.0%)
Completed high school or GEDP 4 (3.8%)
Some college 20 (19.1%)
2-year college (Associate) 16 (15.2%)
4-year college (BA, BS) 37 (35.2%)
Master's degree 22 (21.0%)
Doctoral degree 4 (3.8%)
Professional degree (MD, JD) 1(1.0%)

Employment status, n (%)

Employed 76 (72.4%)
Unemployed 11 (10.5%)
Disability 8 (7.6%0)
Retired 5 (4.8%)
Other 5 (4.8%0)

Number of hours per week spent working, median (IQR) 40 (7-40)

Income, median (IQR)
Current total yearly household income US $63,000 (30,000-100,000)
Current total yearly personal grossincome US $35,000 (15,000-58,000)

http://www.jmir.org/2017/1/e10/ JMed Internet Res 2017 | vol. 19 | iss. 1 [e10 | p.66

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Mohr et al

Demographics

Median (IQR3 or n (%)

Treatment, n (%)

Psychotherapy 23 (21.9%)
Pharmacotherapy (n=103) 66 (64.1%)
Recruitment source
HealthPartners Healthcare System 38 (36.2%)
Web or social media 16 (15.2%)
ReearchMatch 11 (10.5%)
Other 40 (38.1%)
3 QR: interquartile range.
bGED: general educational development.
Table 3. Means and standard deviations of outcome measures.
QOutcome Baseline Week 4 Week 8 Pre or post effect size P value
n=96 n=94 n=94 (Cohen d)
PHQ-G% mean (SD) 12,5 (4.3) 8.4 (4.1) 6.4 (4.3) 14 <.001
GAD-7°, mean (SD) 10.9 (4.5) 7.1(3.9) 5.8 (4.0) 12 <.001
PHQ-9>10, n (%) 76 (79.2%) 36 (38.3%) 21 (22.3%) N/AC <.001
GAD-7 >8, n (%) 74 (77.1%) 42 (44.7%) 28 (29.8%) N/A <.001

3PHQ-9: Patient Health Questionnaire-9.
PGAD-7: Generalized Anxiety Disorder-7
°N/A: not applicable.

Pharmacotherapy was used by 64% (66/103) of participants,
22% (23/103) reported engaging in psychotherapy, (17%
(18/105) reported using both pharmacotherapy and engaging
in psychotherapy, and 30% (32/105) were untreated at baseline.
Therewere no significant rel ationships between treatment status
(pharmaco- or psychotherapy) and PHQ-9 or GAD-7 (P>.52).
Among participants who met preliminary screening criteria
(n=244), those who were enrolled (n=105) did not differ
significantly from those not enrolled (n=139) on demographic
data including age (P=.46), gender (P=.66), ethnicity (P=.55),
race (P=.12), or score on PHQ-8 (P=.97) or GAD-7 (P=.96).

Outcomes for Depression and Anxiety

Descriptive statistics for outcome measures over time are
summarized in Table 3 for participants completing at least two
assessments.

Significant improvements were seen across the entire sample
for both PHQ-9 (P<.001) and GAD-7 (P<.001). Among
participants meeting entry criteria for depression, significant
reductions were present on both the PHQ-9 (P <.001) and the
GAD-7 (P <.001). Similarly, among participants meeting entry
criteriafor anxiety, significant reductions were present on both
the PHQ-9 (P <.001) and the GAD-7 (P <.001).

At the end of the treatment, 37% (35/105) of participants met
criteria for full remission or no symptoms of depression
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(PHQ-9<5), 40% (38/105) met criteria for recovery or mild
symptoms (PHQ-9=5-9), and 22% (21/105) continued to meet
criteriafor referral for treatment (PHQ-9210). Similarly, 42%
(39/105) of participants met criteria for full remission or no
symptoms of anxiety (GAD-7<5), 45% (42/105) met criteria
for recovery or mild symptoms (GAD-7=5-9), and 14% (13/105)
continued to meet criteriafor referral for trestment (GAD-7210).

Neither baseline PHQ-9 nor GAD-7 were significantly related
to changes in depression or anxiety severity, or concurrent
treatment with psychotherapy or pharmacotherapy (P s>.19).
There were no significant relationships between gender,
education, ethnicity, or use of psychotherapy or antidepressants
in either the PHQ-9 or GAD-7 outcomes (P s=.10-.79). There
was a significant effect of age on GAD-7 total score, with
greater age being associated with improved anxiety (P=.01),
although age was not associated with PHQ-9 scores (P=.20).

App Usage

Trial participants initiated an average of 191.4 (SD 139.2;
median 180) IntelliCare treatment app sessions during the 8
weeks of the trial. Of the 99 participants who initiated the
treatment, 96.0% (95/99) continued to use the apps at week 5
and 90.1% (90/99) continued through week 8. Table 4 reports
the mean and median number of treatment app sessions by study
week, which did not change significantly over time (P=.10).
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Table 4. Mean number of treatment app use sessions by study week.
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Week n used Mean (SD) Median Interquartile Minimum Maximum
range
1 98 20.09 (15.63) 15 10-26 0 105
2 97 22.79 (16.76) 20 11-31 0 81
3 97 24.1(20.21) 20 10-31 0 124
4 94 25.33 (20.68) 20 10-37 0 100
5 94 26.07 (20.41) 23 12-35 0 103
6 91 26.25 (23.66) 21 7-41 0 117
7 89 23.44 (22.27) 18 6-37 0 126
8 90 23.3(25.57) 14 8-30 0 163
Table 5. Mean frequency of individual treatment app and Hub app use sessions.
App n used Mean (SD) Median Interquartile Minimum Maximum
range

Day to Day 78 34.4 (48.3) 14 1-50 0 230
Daily Feats 73 25.8(32.1) 17 0-39 0 217
Slumber Time 72 18.3(21.3) 13 0-27 0 109
Purple Chill 81 17.8(17.9) 13 3-28 0 77
My Mantra 62 15.4 (21.8) 6 0-26 0 100
Thought Challenger 82 13.4(16.3) 8 2-17 0 70
Aspire 73 13.0(15.2) 9 0-17 0 68
iCope 70 11.7 (20.6) 4 0-11 0 125
Boost Me 68 10.1 (11.2) 7 0-14 0 47
Move Me 74 9.9 (12.8) 5 0-14 0 67
Worry Knot 74 9.2 (10.6) 7 0-12 0 55
Socia Force 56 6.9(11.1) 2 0-9 0 60
Me Locate 51 5.5(8.5) 1 0-9 0 a2
Total 99 195.4 (141) 182 95-263 9 844
Hub app 99 107.32(71.29) 92 51-152 6 372

The average length of use for each session was 1.4 min (SD
3.9; median 18 seconds). The Hub app waslaunched an average
of 107.3 (SD 71.3; median 92) times over the 8 weeks.

Therewere no significant relationships between age, education,
employment status, gender, race, or ethnicity and the number
of treatment app sessions or the length of time spent in the apps
(P=.18-.68). There were significant effects of age, gender, and
antidepressant medication on total time spent using the apps.
Older patients tended to use the apps for a longer time than
younger patients (P=.003), as did women (P=.03) and
participants using medications (P=.01). Additionally, therewas
amarginal effect for engagement in individual psychotherapy
(P=.055) or pharmacotherapy (P=.054) with those in treatment
spending more timein the apps.

Table 5 shows the mean frequency of individua treatment app
and Hub app use sessions over the 8 weeks of treatment.

http://www.jmir.org/2017/1/e10/

Eight (8.1%) participants downloaded 5 or fewer of the
IntelliCare Treatment apps, 60 (60.6%) downloaded between
6 and 10 apps, and 31 (31.3%) downloaded 11-13 apps. The
Hub app was launched at | east six times by all participants who
initiated treatment over the study period.

Coaching

Among the 99 participantswho initiated treatment, 97% (96/99)
continued to participate in coaching at week 5, and 93% (92/99)
continued through the end of thetrial. Because sometextswere
broken into more than 1 SM'S transmission, we report here on
dayswhen texts were sent, rather than number of texts, to avoid
inflating results. On average, coaches sent texts to participants
on 22.2 (SD 4.7) study days (39.6%) over the 8 weeks of
treatment. Participants sent texts to their coach on an average
of 16.7 (SD 5.8) study days (29.9%). All 99 participants who
initiated treatment received an engagement call, lasting on
average 39.1 (SD 7.7) minutes. The first 34 participants did not
receive an offer for a midpoint follow-up call. In response to
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participant feedback interviews indicating some confusion
around procedures, expectations, and the role of the coach, a
second call was offered to participants beginning with the 35th
person enrolled, which lasted on average 12.8 (SD 8.5) minutes.

After the changein the coaching protocol, participants no longer
commented on confusion surrounding therole of coaches. There
was no significant difference in outcomes on the PHQ-9,
GAD-7, number of app sessions, or total time on IntelliCare
apps between participants receiving the initial and revised
coaching protocols (P=.33-.90).

App Use Before and After the Trial

Because IntelliCare apps were freely available on the Google
Play Store, we examined the number of people who had used
apps prior to enralling in the study. Of the 99 who initiated
treatment, 33.3% (33/99) had used at least one of the apps for
an average of 16.6 days (SD 11.2; median 15) prior to
enrollment. There was no significant differencein outcomeson
the PHQ-9, GAD-7, number of app sessions, or time using apps
(P=.29-.93) between those with prior exposureto the IntelliCare
apps and those without.

After completion of the study, 33.7% (29/99) peopl e continued
to use the IntelliCare apps 2 weeks later, 20.9% (18/99) at 1
month, 22% (19/99) between months 1 and 2, and 23.2% (20/99)
beyond 2 months.

Safety

There were no adverse events (eg, suicide attempts, psychiatric
hospitalizations).

Discussion

Principal Findings

In this pilot feasibility study, the IntelliCare apps and coaching
showed large reductionsin symptoms of depression and anxiety.
These improvements were largely consistent across many
demographic variables, athough outcomeswere slightly worse
for those who reported receiving disability dlightly better for
older participants. Outcomes were unrelated to whether or not
the participant was receiving psychotherapy or antidepressant
medications during the treatment.

App usage was substantial, with an average of 195 app launches
per participant over the course of 8 weeks of treatment. Thisis
considerably higher than has been reported for other apps that
have ranged on the order of 15-22 launches in total [21,42].
There are several likely reasonsfor this. First, the design of the
IntelliCare suite is markedly different from other apps. Most of
the IntelliCare apps are intended to be used frequently and
briefly; other apps that have been described in the literature do
not necessarily have the same freguency expectations. In
addition, IntelliCare is a suite of apps, in which people are
expected and encouraged to swap apps in and out of their use
rotation, thereby maintaining novelty and engagement. Finally,
while the use statistics for IntelliCare apps downloaded “in the
wild,” without a coach or participation in a study, were also
much higher than is typically seen [28], use statistics in this
study were far higher than even those, which was likely the
result of our use of low-intensity coaching. Given coaching
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required only around 40-50 min of call time per subject, along
with a small amount of time for composing and sending text
messages, IntelliCare hasthe potential to be very cost-effective.

Novel Treatment Design

The approach used here differs substantially from previous
mHealth and eHealth interventions for depression or anxiety in
several ways. First, IntelliCare apps are very interactive,
emphasizing the application of skills through in-app actions.
Most eHealth interventions for depression or anxiety have used
psychoeducational approaches, and mobile phone approaches
have tended to use the phone primarily for symptom and mood
monitoring, leaving primary treatment to clinicians or websites
[20,21,43]. Theseinterventions attempt to provide understanding
for the user as part of an effort to persuade the person to engage
in anew treatment behavior (eg, engaging in positive behaviors
or thought restructuring). The IntelliCare apps place the action
(eg, goa setting, checklists, reminders, logging, and so forth)
at the beginning of the interaction. Most IntelliCare apps have
only limited explanation of why the action would be useful,
most of which is relegated to the Help section. Thus, users
download the app and begin with the exercise, not the
explanation. Essentially, IntelliCare operates from the
assumption that doing is learning. Understanding will come
from doing, and it is not necessary that everyone have the same
understanding for the exercise to be useful.

Theinteractions supporting skills training were designed to be
brief and frequent. Given there is little to no explanation,
interactions are designed to be as intuitive as possible. With
mean app session lengths of 1 minute, median app session rates
of 17 seconds, and mean weekly app use frequencies of 21-29,
with no drop-off over time, that goal appears to have been
achieved.

IntelliCare was designed to be eclectic. Apps draw from a
variety of theoretical orientations, and users are encouraged to
identify apps they perceive as useful and consistent with their
goals rather than following a particular conceptual model.
Indeed, 95% of participants used 5 or more apps during the
study, supporting the notion that usersarewilling to use multiple
apps even when they are not necessarily organized by atherapy
orientation. In thisway, approachesthat construct metaphorical
toolboxes through digital tools might be a good way to present
potential options and allow individual usersto tailor treatment
and select options that fit their own interests and need, for
example, [44,45]. Furthermore, the Hub app was used
frequently, supporting the idea that that apps or interfaces that
help organize these toolboxes might help improve user
experience across such apps.

Future Research

A longer-term goal for IntelliCareisto devel op arecommender
system that will be able to use passively collected data, such as
app usage, to identify and recommend appsthat are likely to be
acceptable and useful to the individual. Thus, while the
recommendations offered through the Hub app in this study
were random, the Hub app is intended to provide
recommendations that are of value to the user. Rather than
basing such recommendations on rules derived from a
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psychological orientation, recommendations will be based on
accumulating knowledge from the entire population of app
users. Such a system could be modifiable and extensible,
identifying apps that are underperforming so that they can be
removed from the system and accommodate the introduction
of new apps. Thus, whilethefocus of this study hasbeen largely
on the appswithin the IntelliCare system, the longer-term vision
for IntelliCare is as a platform that can use available data
acquired from the suite of appsto monitor efficacy and provide
evidence-based recommendations. Thetheoretical underpinnings
for such a system have been described elsewhere [46] and are
the focus of ongoing research.

Coaching Protocol

Thisfield trial used a coaching protocol aimed at encouraging
efficient use of the apps [39,47]. This protocol was developed
with 2 aimsin mind. First, the literature generally suggests that
human support enhances adherence and perhaps outcomes for
digital interventions[10]. Our open deployment on Google Play
suggested that, compared with many health apps[38], IntelliCare
apps appear to be relatively engaging, with mean number of
uses ranging from 3.1 to 17.0, and mean time from first to last
launch ranging from 13.0 to 25.3 days, depending on the app
[28]. This field trial found use rates that far exceeded those
rates; however, it isdifficult to compare these 2 sets of findings
becausethe Google Play deployment analyzed datafrom anyone
who downloaded the app, while this study selected participants
with significant symptoms and sufficient motivation to bein a
research study. Additionally, the coaching protocol aimed to
ensure sufficient use of a variety of the apps that could help
support analytics necessary to develop a recommendation
engine.

It is interesting to note that changes made to the coaching
protocol during this field trial had no observable impact on
symptoms or app usage. This is notable because the user
feedback interviews conducted for quality improvement at the
end of the study indicated that participants were much clearer
about the role of the coaches after this change in the coaching
protocol. This impression was also mirrored by greater clarity
among coaches in their role.

Finally, thisisthefirst study we are aware of that has eval uated
a freely available digital intervention in a coached form, and
thus shed light on the relationship between digitally enabled
servicesand the apps or tool s avail able on app storesthat support
them. About a third of participants had prior exposure to the
apps, and athird continued to use them after the end of coaching.
Those who used apps prior to engaging with the study and
treatment may have been eval uating the apps before committing
to the treatment and study, and indeed some people found their
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way to the study through the apps. This suggests that apps may
serve both asaninitia point of evaluation for potential patients,
as well as a conduit through which services can be provided.
This is very consistent with marketing practices for digitally
enabled services generally, and apps and websites designed for
the possibility of both self-guided and human-supported
consumer experiences that are becoming increasingly more
frequent in the mental health space.

Limitations

A number of limitations should be noted in considering these
results. First, becausethiswasasingle-armtrial, we cannot rule
out the possibility that the improvement in depression and
anxiety, although impressive, was due to factors other than
IntelliCare. For example, it is possible that we recruited asample
that was likely to improve anyway. Second, if the IntelliCare
system did in fact have a positiveimpact, we cannot disentangle
the effects of the coaching and the apps. Third, the coaching
protocol was not constructed under ideal circumstances, as
coaches role encouraging the use of the overall system
conflicted in practice with the prohibition from influencing
participants use of specific apps. Fourth, it ispossible that study
compensation contributed to treatment adherence. We believe
this is unlikely, given participants were clearly informed that
compensation was for completion of assessments only, and the
university’s payment processing system results in delays of up
to 2 months for payments. Finally, the apps are currently
available on Android only, and this user base and their use of
apps might be different from users of other platforms. Our team
plans iOS development, which will address this shortcoming.

Conclusions

These shortcomings notwithstanding, this study showed clear
support for anovel mHealth system for providing mental health
treatment. Although other groups, such as the National Center
for Telehealth and Technol ogy, have devel oped multiple mental
health apps covering diverse treatment strategies, targets, and
populations (eg, Breathe?Relax, CBT-i Coach, Moving Forward,
Positive Activity Jackpot, PTSD Coach, T2 Mood Tracker),
IntelliCare represents the first effort to make a unified,
consolidated app experience. Novel features of the IntelliCare
systeminclude that it is elemental, allowing individual appsto
be used or not used based on their effectiveness and utility and
it is eclectic, viewing treatment strategies as elements that can
be applied as needed rather than based on 1 theoretical model.
The future of mHealth is likely not to rest on a singular
approach, or asingular app. Therefore, it isnecessary to consider
platforms that can consolidate efforts across a variety of apps
such as IntelliCare.
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Abstract

Background: With increasing evidence for the effectiveness of e-mental health interventions for enhancing mental health and
well-being, agrowing challenge is how to translate promising research findings into service delivery contexts. A 2012 e-mental
health initiative by the Australian Federal Government (eMHPrac) has sought to address the i ssue through severa strategies, one
of which has been to train different health professional workforcesin e-mental health (e-MH).

Objective: The aim of the study was to report on the barriers and enablers of e-MH uptake in a cohort of predominantly
Aboriginal and Torres Strait Islander health professionals (21 Indigenous, 5 non-Indigenous) who occupied mainly support or
case management roles within their organizations.

Methods: A 3- or 2-day eeMH training program was followed by up to 5 consultation sessions (mean 2.4 sessions) provided
by the 2 trainers. Thetrainer-consultants provided written reports on each of the 30 consultation sessionsfor 7 consultation groups.
They were also interviewed as part of the study. The written reports and interview datawere thematically analyzed by 2 members
of the research team.

Results: Uptake of eeMH among the consultation group was moderate (22%-30% of participants). There were significant
organizational barriers to uptake resulting from procedural and administrative problems, demanding workloads, prohibitive
policies, and alack of fit between the organizational culture and the introduction of new technologies. Personal barriersincluded
participant beliefs about the applicability of e-MH to certain populations, and workers’ lack of confidence and skills. However,
enthusiastic managers and tech-savvy champions could provide a counter-balance as organizational enablers of e-MH; and the
consultation sessions themsel ves appear to have enhanced skills and confidence, shifted attitudes to new technol ogies, and seeded
a perception that e-MH could be a valuable health education resource.

Conclusions: A conclusion from the program was that it was important to match e-MH training and resources to work roles.
In the latter stages of the consultation sessions, the Aboriginal and Torres Strait Islander health professionals responded very
positively to YouTube video clips and apps with a health education dimension. Therapy-oriented apps and programs may fit less
well within the scope of practice of some workforces, including this one. We suggest that researchers broaden their focus and
definitions of eeMH and give rather more weight to e-MH’s health education possibilities. Devel oping criteriafor eval uating apps
and YouTube videos may empower arather greater section of health workforce to use eeMH with their clients.

(J Med Internet Res 2017;19(1):e1) doi:10.2196/jmir.6269

KEYWORDS

e-mental health; indigenous populations; Aborigina and Torres Strait Islander peoples; professional supervision; professional
consultation; service implementation; health education; mobile apps
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Introduction

A National E-Mental Health Strategy

e-Mental Health (e-MH) is gaining traction, nationally and
internationally, as a way to increase access to mental health
services and deliver treatment in a cost-effective manner [1].
Research suggests that for some common menta health
problems, e-MH treatments can be just as effective as
face-to-face treatments|[ 2], althoughin service delivery contexts,
considerable variability is reported [3,4].

Drawing on the reported positive impacts of eeMH and the
potential to increase access to mental health services for all
Australians [5], the Australian Federal government developed
a national eMH strategy [6]. One element of this was the
development of a national Web-based therapy service, the
MindSpot Clinic[4,7]. Another element wasthe e-Mental Hedlth
in Practice (eMHPrac) project, an initiative to provide health
professional training in both patient-facing and provider-facing
e-MH interventions.

E-Mental Health in Practice

The Australian government established eMHPrac initially asa
3-year project (2013-16), recognizing that, in order to translate
e-MH from research to clinical practice, health provider training
was a prime requirement. Since the eMH role of health
providers (eg, general practitioners vs psychologists) tends to
differ (eg, appropriate referral vs providing guided self-help),
separate arms of the project were established to train 3 groups
of health providers: GPs, allied health professionals, and health
professionals providing servicesto Aboriginal and Torres Strait
Islander peoples. This study focused on the experiences of a
group of Aborigina and Torres Strait Islander health
professionals who were providing services to Aboriginal and
Torres Strait Islander peoples.

Aboriginal Mental Health

The extent of mental ill health and psychological distress in
Aboriginal and Torres Strait Islander communities has been
well documented and closely linked to intergenerational trauma
and to current levels of disadvantage and disengagement [8].
Aboriginal and Torres Strait Islander adults are almost 3 times
more likely to experience high or very high levels of
psychological distress than other Australians; have high rates
of substance abuse; and have 2-5 times the rate of suicide
compared with other Australians[9-11]. Indigenous citizens of
other westernized countries (eg, Native Americans, Inuit, Maori)
also experience high degrees of psychological distress and
historical trauma[12-14], which suggeststhe possible relevance
of our project for other |ndigenous peoples.

Availability and Potential of eMH for Indigenous
Peoples

e-MH research with Indigenous peopl es has been hampered by
alack of culturally appropriate e-MH resources. At the start of
our project, there were already many Web-based therapy
programs and apps available for majority cultures and a large
body of outcome studies. In contrast, there have still not been,
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to our knowledge, any e-MH therapy outcome studies for
Indigenous peoples from any country.

When we started the study, the availability of e-MH therapy
resources for Australia’s Indigenous peoples was restricted to
just one Indigenous-specific app, Stay Strong, which could be
downloaded onto iPads. Stay Strong is a strength-based app
with specific Indigenous content and imagery [15], which has
been designed for health workersto use with Indigenous clients.
For a Youtube video demonstration of Stay Strong, see [16].
Stay Strong uses cognitive behavioral principles to (1) set
SMART goals, (2) build socia support, and (3) identify and
change behaviors that are either enhancing or diminishing
mental health. An earlier paper-and-pencil version of Stay
Strong had proved to be valuable in working with Aboriginal
and Torres Strait Islander clients [15]. The iPad version had
previoudly received strong endorsement from our local advisory
groups and learning circles and from Northern Territory health
professionals and community members as acceptable and
appropriate [17,18]. Hence, Stay Strong wasincluded asacore
part of the training program.

Provision of Trainingin Culturally Appropriatee-MH
for Aboriginal and Torres Strait Islanders

With regard to culturally appropriate e-MH training, there has
been an initial eMHPrac report from a Northern Territory
training program showing that practitioners reported gains in
knowledge, skills, and confidence in use of Stay Strong when
comparing pre- and immediate posttraining measures[19]. The
study was consistent with other reportsin the literature showing
that one-off workshops can influence practitioner knowledge
and attitudes [20]. However, to date, no study has addressed
day-to-day e-MH implementation with Indigenous peoplesin
Australiaor elsewhere.

Several other studies have suggested that “low-intensity
interventions’ delivered by health providers without specialist
knowledge of psychological therapiesmay potentially be useful,
if delivered in a culturally appropriate way [15,21-23]. Hence,
the current training included Aboriginal health providers with
limited knowledge of psychological therapies.

The Importance of Follow-Up Supervision or
Consultation Sessions

A burgeoning literature on the impact of one-off workshops
now suggests that training without follow-up supervision,
consultation, or reflection is largely ineffective in influencing
therapist behavior and patient outcomes[24-26]. Therefore, for
best results, it appearsthat follow-up consultation or supervision
should be offered if practitioners are to gain maximum benefit
from training programs.

Accordingly, for our study, Aboriginal and Torres Strait 1slander
health providers who received a 2- or 3-day training in eMH
strategies (the R U Appy program) were offered monthly
follow-up consultation sessions to reinforce learning from the
training program. The distinction between consultation and
clinical supervision is that consultation focuses on the further
development of specific intervention techniques, and isusually
provided by experts who are external to an organization; while
clinical supervision usually focuses on the practitioner’sclinical
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work with specific patients, and is often provided by a senior
staff member internal to the organization [25].

A dual consultation model with one Aborigina and one
non-Aboriginal consultant-trainer was developed for our project
to provide both eeMH expertise and cultural safety. This was
based on a proposal from a recent study of issues affecting
supervision and support for the Aboriginal and Torres Strait
Islander mental health workforce [27].

Purpose of the Study

Ultimately, the goa of training health professionalsin e-MH is
to facilitate the uptake of e-MH amongst Aboriginal and Torres
Strait Islander peoples. Asafirst step, the aim of our study was
to provide a qualitative evaluation of the impact of eeMH
training plus follow-up consultation sessions with Aboriginal
health providers. To our knowledge, this is the first study, in
Australia or elsewhere, which has provided extended e-MH
training/consultation to Indigenous health professionals, and
then examined the enablers and barriers of implementation.

Methods

Intervention: Training Plus Follow-Up Consultation
Sessions

Training

A total of 50 providers of health and community services for
Aboriginal and Torres Strait Islander peoples attended either a
3-day (n=43) or a2-day (n=7) RU Appy e-MH training in one
of the 2 locations (Lismore or Tweed Heads) in northern New
South Wales. The aim of the R U Appy training program was
to improve awareness, confidence, and competence in the use
of e-MH resources. Thedesign of the program (workshops plus
consultation sessions) was guided by the extensive involvement
of local advisory groups, learning circles, and a regional
Aboriginal and Torres Strait Islander Health Council [28]. RU
Appy training was strongly oriented toward experiential
learning, featuring ahands-on approach for using iPadsto search
the Internet and download and use apps. One of the 3 training
days was specifically devoted to training health providers in
the Aboriginal-adapted app, Stay Strong. One participant had
used the paper-based version of Stay Strong, but none had
previously used the app.

Follow-Up Consultation Sessions

At the completion of the R U Appy workshop program, the
trainees were invited to join a skills-based consultation group.
Those wishing to attend were assigned a group based on either
geographic location or organization-specific groupings. For
example, where there were severa participants from the one
organization, an organization-specific group was formed (4
groups), and the sessions were held in the premises of the
organization. Alternatively, participants from different
organizations working in the same region formed
“location-specific” groups (3 groups) and agreed on a specific
meeting place.

Participants and managers were provided with the rationale for
the consultation sessions and encouraged by the R U Appy
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trainersto attend following the training. Some participants were
actively supported by their managers to attend both workshops
and consultations; other managers viewed the consultation
sessions as optional for their staff. Equally, some workers were
very keen to participate in consultation sessions; others, for
various reasons, had little interest or capacity to attend (further
exploration of these issues is the subject of a paralel study
currently underway).

The consultation sessions were formulated as a skills-based
follow-up to the R U Appy training, drawing on research
indicating the importance of consultation or supervision for
embedding new skills [29,30]. They were conducted monthly
for each group by the 2 eMH trainers. One was a male
psychologist specialized in eMH, and the other a female
Aborigina Mental Health Worker undertaking an undergraduate
degree in psychology. The initial consultation sessions were
primarily focused on embedding Stay Strong skills; later
sessions were adapted to meet other needs of participants (see
Results).

Data Collection

The study data were the consultant-trainers’ (SD, KH) written
reports on each of the 30 consultation sessions that they
conducted. Immediately following each supervision session, a
report was written by SD and then checked by KH. The
consultant-trainers were asked to record: who was present,
whether they had appropriate technology, and how many
participants had used Stay Strong or another e-MH resource
with clients. The session reports a so contained detail s of session
activities, session observations, and participant reports of
experiencesthat had facilitated or hindered their learning. These
reports were then emailed to the research team (JS and JBL)
that reviewed the content and systematically stored the reports
(see Multimedia Appendix 1 for an example of a
consultant-trainer session report). The consultation sessions
were loosely structured to enable the participants to direct the
sessions according to their specific needs. As such, the
consultants' reports did not follow a structured reporting
schedule; rather they described the different or divergent group
experiences.

At the completion of the consultation sessions, the research
team conducted a semistructured interview with the
consultant-trainers (see Multimedia Appendix 2 for theinterview
guide). The purpose of theinterview wasto allow more detailed
exploration of key issues emerging from their reports. The
primary focus of the interview was on consultant observations
about participants’ interest, confidence, and use of eMH
resources and the factors that impeded or facilitated their
learning. The interview was digitally recorded and transcribed
verbatim for data analysis (see next section).

Data Analysis

At the end of the 6-month consultation period, the session
reportswere collated in date order for each of the 7 consultation
groups and compiled into 1 document. One member of the
research team (JS) conducted the initial thematic analysis of
the session reports, following best practice guidelines to
explicate “motivations, experience, and meaning” [31]. The
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process involved reading the 30 field note reports several times
to develop broad categories, and then rereading the dataset and
assigning code names to the emerging themes. Subsets of the
data were then read again to check the relevance of the code
names.

In order to enhancerigor and validity, asecond researcher (JBL)
randomly selected 6 of the field note reports and repeated the
process. Comparison of the 2 categorizations revealed
consistency across categories and agreement on codes and key
themes. Once categorization of the reports was completed, a
similar process was then undertaken with the interview
transcript.

A review of both datasets (reports and interview transcript)
indicated that al the themes identified in the reports were
represented in the analysis of the interview transcript. Further
themes were identified in the analysis of the interview, as this
dataset contained a more detailed and nuanced description of
the consultation process. A combined thematic map was
developed linking the two datasets (see Figure 1).

Bennett-Levy et d

As afurther check on the validity of the analysis, the thematic
map, the quotations and examples, and the interpretation of the
data were reviewed by the consultant-trainers. This review
indicated that the data and themes were found by both
consultant-trainersto be wholly consistent with their experience.

In the Results section:
1. The quotes in italics are those of the consultant-trainers.

2. Double quotation marks are used to represent the health

professionals' “voice” as quoted by the consultant-trainers.

3. CTR refers to quotes taken from the consultant-trainers
reports.

4. CT1 and CT2 refer to quotes from the interviews with them.

The study received ethics approval from the Aborigina Health
and Medical Research Council (NSW) AHMRC-HREC 955/13
and the Northern NSW Local Health District NCNSW-HREC
076.

Figure 1. Barriers and enablers to the uptake of e-mental health practices by Aboriginal and Torres Strait Islander health professionals.
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Results

Participants

Twenty-eight of the 50 health providers, who attended the 2-
or 3-day R U Appy training program in northern New South
Wales, elected to attend the consultation sessions. Twenty-two
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R U Appy participants were not able to attend consultation
sessions or chose not to. Two of 28 consultation study attendees
were excluded from our analysis asthey were not seeing clients
a the time of the consultation sessions. Of the 26 health
professionals in our study, 14 were females and 12 males.
Twenty-one were Aboriginal and Torres Strait Islanders, and 5
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werefrom non-Aborigina backgrounds. Participantswere drawn
from 10 organizations: Aboriginal-specific nongovernmental
organizations (NGOs) (3), generalist NGOs (6), and government
health services (1). The mean consultation group size was 4.0
people (range 2-7). The mean humber of consultation sessions
attended was 2.4 sessions (range 1-5).

Participants had avariety of job titles, mainly describing support
or case management roles (eg, youth worker, indigenous services
worker, drug and alcohol worker, family development worker,
well-being coordinator, Aboriginal health education officer,
mental health support worker, and healthy lifestyle worker).
Most had obtained certificates or diplomas from industry
training programs (eg, Certificate in Primary Health Care); 2
had undergraduate Bachelor degrees, one of whom also had a
Master degree. None of the participants had qualificationsin a
mainstream health profession (eg, nurse, psychologist, social
worker), or specidist training in an evidence-based
psychological therapy.

Usage of e MH Resources

The study protocol andinitial consultation sessionswerefocused
on building Stay Strong skills. However, after 2-3 sessions, it
became apparent to the consultant-trai ners that some participants
were not able to gain regular access to iPads with Stay Strong;
other participants noted that Stay Strong did not fit with their
work contexts, and wanted to broaden the focus of consultation
sessions to a wider range of well-being resources (not
specifically “mental health™) such as specific Aboriginal health
education resources, YouTube videos, and a broader range of
apps. These observations led the R U Appy team to adapt the
protocol to better meet the needs of participants, with
consultation content becoming largely participant-determined.
This change in emphasiswas akey factor in maintaining group
engagement.

The consultants’ reports illustrated that 23% (6/26) had used
Stay Strong with 1 client (or more) over the period of the
consultation sessions; only 1 participant was using Stay Strong
regularly with clients. Also, 31% (8/26) reported using other
e-MH resources (YouTube, other apps) between consultation
sessions.

Enablersand Barriersto the Uptake of eMH

The main themes that emerged from the analysis of the
consultation notes and interview were clearly identifiable as (1)
the barriers and (2) the enablers to the uptake of e-MH. Figure
1 summarizes the barriers and enablers.

Barrier 1: Organizational

The consultant-trainers noted that the participants were
hampered in various ways by organizational issues and
structures that prevented the uptake of eMH. These
organizational barriers included procedural and administrative
obstacles, demanding workloads, and entrenched and obstructive
IT policies within the workplace.

Procedural and Administrative Barriers

In some services, thelack of proceduresto manageiPad security
and storage blocked accessibility to the devices:
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We had some organizations where we would go to a
consultation session and a person would say, “ | still
haven't loaded (the Apps) onto the iPad and we can’'t
quite get to them because they are locked in a bottom
draw” [CT1]

In other organizations, the management of the iPads was the
responsibility of senior staff who were often too busy to address
the IT requirements:

(The worker) has been knocking on the manager’s
door to progressthe I T side, which isto get (the app)
downloaded onto theiPad, but (the worker) is getting
drowned out by the other more immediate needs of
the organization [CT1]

The consultants described these issues by stating that the
workerswere often “ caught up in an administrative mousetrap”
[CT1].

In some situations, it was the dearth of basic proceduresto guide
the management of new technologies that stymied
implementation:

(The worker said) “ I've got the iPad and I’ m keen to
download (the App), but the person who bought the
iPad and set it up left the organization and we don't
know the code to get into the iPad...the critical piece
of information has gone with someone else’ ...there
can be real enthusiasm, but the challenges of
technology can jump up quite quickly [CT1]

The consultants reported numerous technological hurdles
experienced by the health professionals as they attempted to
engage with new technol ogies and specifically with iPads. Many
of these obstacles stemmed from a lack of technological
capability within the organization. For instance, managers or
team |leaders with responsibility for the iPads may not be tech
savvy themselves:

We are al so asking (managerswho have not attended
training) if they know how to use an iPad...how to
turn it on, do they have an iTunes account ... (some
people think) you just turn it on and it's there [CT2]

Demanding Workloads

The consultants reported that, in many services, demanding
workloads left the workers with little or no opportunity to
incorporate new skills into their existing work practices:

Another stumbling block is the sheer busy-ness that
people have in their work lives...they are too busy to
include (e-MH) [CT1]

Consultants also commented that the high turnover of staff in
some organi zations was problematic:

As an organization, they're certainly taking it on, |
think the fly in the ointment was just that...we lost
maybe half or three quarters of the staff that went
through the training..so there was a
knowl edge/experience leak fromthe training [CT1]
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Prohibitive Policies

The consultants also reported that several health professionals
worked in government-funded serviceswhere the organi zational
policies prohibited purchase and use of new technologies:

Their workplace don't have iPads so using
e-technologies is made difficult ... (they were)
frustrated with being sent to training but then not
being able to apply the tools back at work [CTR]

(The workers said):

“it’sagreat app, but we're not going to be able to do
it because management'sjust not going to give usthe
resourcesto doit” [CTR]

Lack of Fit With Workplace Context, Culture, and
Philosophy

Someworkersperceived a“lack of fit” between e-MH resources
and their current work practice. For instance, Stay Strong, which

was valued and used by some workers, did not fit with the work
contexts of others:

(Some workers) don't fed that the nature of their
contact with clients, which is usually crisis driven
and concerned with meeting immediate living needs,
gives the opportunity to use the app (Stay Srong)
[CTR]

(The workers reported that they are) dealing with
very fundamental needs as an organization...finding
housing, getting their forms sorted out, dealing with
them being safe (and) keeping peoples’ heads above
water, practically [CT1]
The culture and philosophy of the organization also impacted
on the uptake of e-MH resources. For someworkers, technology
was perceived to reduce human connection:

(Theseworkers) principally value face-to-face contact
with clients and the “ human connection” ...they want
to “connect with the person” and assist them to
connect emotionally to those around them.
Technology was still viewed as an impediment to this
[CTR]

(Another worker reported to the consultants that)
“it's hard to engage with our clients at the best of
times, let alonetrying to show them a website to use”
[CTR]

Barrier 2: Participant Perceptions

In addition to organizational barriers, the consultants reported
that the workers' perceptions about e-MH resources also posed
barriers to their uptake.

Participant Beliefs About Applicability

Another view reported by the consultantsrelated to generational
beliefs about technology:

(Workers said) it's more for the younger generation,
and we're dealing mainly with workers that were in
the older section [CT2]
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(Some workers said) older clientsfeel uncomfortable
with technology as it's not part of their everyday
experience [CTR]

Participants Lack of Confidence and Skills

The consultants noted that, for some health professionals, a
perceived lack of confidence and skills using new technol ogies
hindered uptake:

Theworkersthat weren't feeling 100% confident using
iPadswould say, “ if I'm clumsy, then that takes away
that rapport with the client” [CT2]

What | found (was) if they didn't feel confident with
using the app they refused to use it within clients...If
they couldn't do it within themselves, why should they
haveto get aclientto doit? [CT2]

Collectively, these issues highlighted the complexity involved
in the implementation of e-MH, particularly for organizations
that had limited resources and limited expertise with new
technologies.

Enabler 1: Organizational

Enthusiastic Managers

The consultants reported how the influence of enthusiastic
managers significantly enhanced the workers interest and
opportunity to engage with e-MH resources. For instance, the
manager of one service attended the 3-day R U Appy workshops
and participated in the consultation sessions:

(Although) he had limited experience with technol ogy,
he identified the importance and value of his
organization staying abreast of these technologies so
as to remain in touch with younger clients and the
organization as a whole growing into a more
technologically-driven world [CTR]

The consultants also reported that a number of managers were
supportive and had purchased iPads specifically to enable staff
to develop e-MH skills and competency:

It helped having the service (manager) on
board...some services had purchased iPadsand. . were
keen to be using more e-technologies [CT2]

Tech-Sawwy Champions
One organization had a “tech-savvy champion” who

enthusiastically embraced e-MH resources and inspired others
to do so:

He acted as a champion in his organization and was
encouraging other staff members to get involved ...
one idea he had was having a staff-client day that
was specifically orientated towards practicing with
the Say Strong app [CT1]

Enabler 2: Positive Experience of the Consultation
Sessions
Building Skillsand Confidenceto Use New Technologies

Many workers began the R U Appy training with little or no
experience of using new technologies. Through the consultation
process, the consultants described how some workers surprised
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themselves by developing skillsin using new technologies and
moved from being “dinosaurs’ to “e-explorers’:

She was very adamant (stating) “ I’ma dinosaur, and
| can't use these things® ... she’'s gone from (being)
a dinosaur to “oh my god, I’ve learned how to do
this’ [CT2]

(Another worker) was like, “oh my God, I'm a
dinosaur, and at the end of the training, low and
behold, he went and bought himself aniPad, and sits
on Facebook and iswilling to do the Stay Strong app.
He was ancther one that had done a big turnaround
[CT2]

Shift in Attitude to New Technologies

Associated with the development of new skills, the consultants
also described how some workers changed their views from
“technology is bad” to “technologies can be helpful’:

People would come with quite strong ideas around
technology, (they) can see a lot of detriments
associated with technology use..bullying online,
young peopl e being exposed to information and things
through their devices that can be quite harmful. For
a lot of health workers, it's an intrusion on society
that's been quite damaging. | think it was quite
enlightening (for them) to see that there had been a
lot of resources developed that are aimed to assist
and support people and that they can take advantage
of this technology (for the) people they work with
[CT1]

They didn’t realize how many resources are actually
out there. So they've gone from hardly knowing
anything, to “wow;" (all the) YouTube clips and
different apps and websites [CT2]

The consultants also reported having “complex conversations’
with workers during the consultation sessions “(about) how
(technology) fits with their work environment, how it fits with
how they engage with people” [CT1]. They described one
particular worker’s experience during the consultation process
in shifting his understanding about the potential relevance of
new technologiesin hiswork with younger clients:

(A worker) and | were having a conversation about
how the youth have a good way of emotional
expression on text, rather than face-to-face
conversations. As we were having that conversation,
(another worker) started thinking of (a young client)
that he could actually use technology with, and get
him to build a rapport with this young one, because
he (the young client) was so technologically savwy
[CT2]

The consultants noted the various views expressed by the health
professional s about their motivation to become tech-savvy. For
some, it was the view that

“technology is becoming part of everyday life”
[CTR]

For others, engaging with technology was important in order
to
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“guide and educate people in the healthy use of
technologies’ [CTR]

and as workers, the importance

“ to participate with technology in order to not be left
behind” [CTR]

Seeing e-MH as a Health Education Resource

Responding to participants expressed needs for apps for
different purposes and contexts, the consultants introduced a
range of different e MH resourcesinto the consultation sessions,
tailoring them to the specific interests of the different
consultation groups. A feature of the consultation sessions was
the opportunity for workersto learn how to search for and assess
resources that were relevant to their work context:

(It's been about) becoming aware of the resources
that are out there..that was certainly a big
impact...thinking a bit more critically about the role
that technology playsin the lives of their clients, and
then how they may be able to interface with that in a
way that actually supports them in the work that
they're doing with clients[CT1]

Many of the health professionalsworked in the drug and a cohol
field and found some of the new technologies to potentialy
offer a valuable adjunctive educational tool:

Having something else to explain what an addiction
looks like and then having a library of YouTube clips
that you could refer to and have a different way of
engaging...it'sadifferent way of having a discussion
about that issue [CT1]

We showed them some of the YouTube clips of what
an addiction can look like. (Workers) took that on
board and could see how they could use that within
their service...how the brain works, if you're taking
adrug what it can do to a brain [CT2]

YouTube, as a medium, was seen as particularly valuable for
Aborigina and Torres Strait Islander clients. One of the
consultants remarked:

Aboriginal people, (are) so visual, that having those
YouTube clips we can actually connect to that visual
stuff, and go, oh, that's exactly what you're talking
about, we know that feeling [CT2]

Discussion

Principal Findings

As research evidence for the value of e-MH resources
accumulates, attention is gradually turning to strategies for
e-MH implementation in health service contexts[4,32,33]. For
our study, we designed a training plus consultation program to
teach eMH skillsto Aboriginal and Torres Strait Ilander health
and community professionals, drawing on best practice
implementation science[25,34]. A previous study had identified
the potential value of culturally appropriate consultation or
supervision sessionsto follow up training for Aboriginal health
providers [27]. However, our study is the first to follow up
Aboriginal and Torres Strait Islander health providers over 6
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months, and examine the enablers and barriers to eMH
implementation. Furthermore, no reports of training plus
follow-up consultation sessions with Indigenous health workers
from other countries are available.

Among those who attended consultation sessions, interest in
e-MH was strong and the consultation sessions were well
received and appreciated. Stay Strong, the only
Indigenous-specific app available at the time of the training,
was well accepted by our participants, mirroring reports from
Northern Territory community members [18], but it was only
used by a minority of workers (6/26) even after training plus
consultation. However, interest in other e-MH resources grew
as the sessions developed. In particular, Aborigina and Torres
Strait Islander workers expressed interest in apps and YouTube
videos, which could be used for health education and
information purposes. Eight out of 26 workers started to use
apps and e-MH resources other than Stay Strong with clients.

While the trandlation-to-practice impact of the training and
consultation might be perceived as only moderate, qualitative
session-by-session analysis of the consultation sessionsreveals
that there were good reasons why uptake was relatively low.
Organizational impediments played amajor rolein determining
whether participants adopted e-MH practices, as has been noted
in eMH studies with non-Indigenous health providers [35].
Our participants reported difficulties in accessing iPads,
passwords, and i Tunes accounts; pressing needs of other work
and relegation of eeMH to low priority; and high staff turnover.
Organizational culture, orientation, and individual factors also
had an impact [35,36]: one organization and its staff saw
technology asabarrier to human connection; otherswerelargely
responding to crises and contextswhere e-MH might have been
inappropriate, or viewed e-MH as valuable only for young
people. The perception of “fit” with the work environment,
work roles, clients, and the culture of the organization was
central to workers willingness to adopt e-MH [37]. However,
organizations could exert a positive impact too. Managers who
supported e-MH and tech-savvy championsin the organization
tended to influence other workers in their organization and
provide enhanced access to e-MH resources.

The qualitative analysisindicated that the consultation sessions
had a positive influence in a number of ways. They enhanced
curiosity and interest in e-MH, facilitated exploration, increased
skills in some participants, and created major shiftsin attitude
toward e-MH. Despite this, some workers smply did not feel
confident enough in their skills to use eMH resources and
thought that their clumsiness might affect rapport with clients.

Conceptualizing the Results

Perhapsthe most interesting impact of the consultation sessions
wasthe change of tack taken by the consultants around the third
session when they realized that, for some organizations and
health providers, therewas alack of fit between the Stay Strong
app and workers' roles and organizational cultures. To grasp
this point, it is important to understand that only 2 of the
participants had university-level training, and none were in a
specialized mental health profession (eg, psychologist, social
worker, or physician). For most Aboriginal and Torres Strait
Islander health providersin our region, their scope of practice
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was restricted to an educational role or asupport worker or case
management role rather than atherapy role.

Once the consultant-trainers recognized that Stay Strong lay
outside of many participants’ scope of practice, they found that
participants’ interest was piqued by the possibility of using apps
and YouTube clips for hedth education and information
purposes (see Multimedia Appendix 3 for examples). The health
providers were genuinely excited at this prospect as there is
high usage of mobile phonesinthe Aboriginal and Torres Strait
Islander population [38], and a perception that their clients are
often very “visual” (see last comment in Results section).

Reynolds et al have recently developed conceptual model to
understand the value of different e-MH resources for different
types of health worker [37]. The model helps to shed light on
why Stay Strong may have been favored by some workers but
not by others, and why educational YouTube clips and apps
were strongly favored by this cohort. The model makes
important distinctions between the different roles of workers
(eg, nonclinical, case management, coaching, therapist) and the
relative value of different eeMH resources to them. An
implication of the model (p. 7) isthat Stay Strong may be most
suited to workers who have mental health skills appropriate for
coaching or therapist roles. However, the magjority of the
Aboriginal and Torres Strait Islander health workers in our
cohort had more of a support or health education role than a
coaching or therapist role. What the Reynolds et al model
suggests is that the most appropriate e-MH role for this
workforceisto provide e-MH information and health education
resources for their clients, which is exactly what the cohort in
our study responded to best.

As Reynolds et a also made clear, the vast majority of e-MH
research has been directed toward evaluating the impact of
Web-based therapy programs. Little consideration has been
given to evaluating other eeMH resources or workforce roles.
Our study highlights the potential value that Indigenous and
non-Indigenous health providers in support worker roles may
have in using relevant mental health resources on YouTube and
social media for health educational purposes, as has been
successfully demonstrated in other health-related contexts
[39,40]. However, the quality of such resources does need to
be carefully assessed. Therefore, we suggest that much more
attention be given to developing agreed criteria for evaluating
apps and YouTube videos [41-43], which may play avaluable
role in health service delivery in the future.

Limitations

We recognize that this study had a number of limitations.
Reliance on consultant-trainers’ reports and the interview was
both astrength and alimitation: astrength because observations
wererecorded immediately after sessionsfor all 30 consultation
sessions, but a limitation because these observations were
“second-hand” —the consultants rather than the participants
were recording the participants experiences. Consequently,
these observations may be subject to perceptual biason the part
of the consultants. Another issue wasthat we did not accurately
record who was using what e-MH resources other than Stay
Strong prior to training and prior to the consultation sessions.
We believe that only 2 of the participants had any previous
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interest or exposure to any form of e-MH, but this was not
recorded.

Unfortunately we were unable to determine e-MH usage beyond
the consultation sessions and follow up those health
professionals who only attended 1 or 2 sessions, as further
follow-up lay outside our ethics approval. It istherefore possible
that the e-MH usage figures from the consultants' reports may
underestimate eventual usage as some participants may have
started to use e-MH resources after they had ceased to attend
consultation sessions.

Conclusions

This study highlights the importance of broadening our
conception and definition of e-mental health resources, which,
until now, has been largely restricted to Web-based therapy
programs. A growing health education literature featuring
Internet-based materials, and our own study, suggest that
e-mental health resources should encompass other Web-based
materials (eg, apps, YouTube videos) that may promote social
and emotional well-being, and can be used by a variety of
different workforces that do not necessarily have aclinical role
[37]. In the present case, it is suggested that for Aboriginal
health providers who do not have specific health professional
qualifications and are in support worker or health education
roles, training in the use of health promotional e-MH resources
may be rather more valuabl e than training in Web-based therapy
programs or apps that require a coaching role. The study also
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highlightstheimportance of preparatory work with organizations
that plan to send their staff to e-MH training (see the
organizational checklist provided by Puszka et a [36]).
Trainer-consultants need to work with these organizations to
acquire necessary e-MH resources before training programs and
enable their staff to attend post-training consultation sessions.
Thisextendsto such basic planning as ensuring staff have access
to resources such asiPads, Androids, and i Tunes accounts [36].

What we are learning is that, when it comes to trandlation into
practice, the devil isin the detail. What is seen as valuable “on
the ground” is not necessarily what is seen as valuable by
university researchers. Consumer and service provider
involvement isvital if eMH isto fulfill its undoubted promise
[32], particularly in disadvantaged communities such as
Aboriginal and Torres Strait |lander communities [28,44].

To summarize, we suggest that the training plus consultation
model was successful in enhancing engagement and usage of
e-MH resources. However, a number of organizational and
personal barriers to implementation also emerged. To increase
efficacy, eMH resources for |ndigenous communities needsto
be not only culturally relevant, but role- and organizationally
relevant. In the context of Australian Indigenous health
providers, role and organizational relevance means broadening
the scope of eeMH resources from a focus on e-therapy to a
focus on health promotion in the form of health education and
information resources.
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Abstract

Background: Electronic cigarette (e-cigarette) is an emerging product with a rapid-growth market in recent years. Social media
has become an important platform for information seeking and sharing. We aim to mine hidden topics from e-cigarette datasets
collected from different social media platforms.

Objective: This paper aims to gain a systematic understanding of the characteristics of various types of social media, which
will provide deep insightsinto how consumers and policy makers effectively use social mediato track e-cigarette-related content
and adjust their decisions and policies.

Methods: We collected data from Reddit (27,638 e-cigarette flavor-related posts from January 1, 2011, to June 30, 2015),
JuiceDB (14,433 e-juice reviews from June 26, 2013 to November 12, 2015), and Twitter (13,356 “e-cig ban”-related tweets
from January, 1, 2010 to June 30, 2015). Latent Dirichlet Allocation, a generative model for topic modeling, was used to analyze
the topics from these data.

Results: We found four types of topics across the platforms: (1) promotions, (2) flavor discussions, (3) experience sharing, and
(4) regulation debates. Promotions included sales from vendors to users, as well as trades among users. A total of 10.72%
(2,962/27,638) of the posts from Reddit were related to trading. Promotion links were found between social media platforms.
Most of the links (87.30%) in JuiceDB were related to Reddit posts. JuiceDB and Reddit identified consistent flavor categories.
E-cigarette vaping methods and features such as steeping, throat hit, and vapor production were broadly discussed both on Reddit
and on JuiceDB. Reddit provided spacefor policy discussionsand majority of the posts (60.7%) holding a negative attitude toward
regulations, whereas Twitter was used to launch campaigns using certain hashtags. Our findings are based on data across different
platforms. The topic distribution between Reddit and JuiceDB was significantly different (P<.001), which indicated that the user
discussions focused on different perspectives across the platforms.

Conclusions: This study examined Reddit, JuiceDB, and Twitter as social media data sources for e-cigarette research. These
mined findings could be further used by other researchers and policy makers. By utilizing the automatic topic-modeling method,
the proposed unified feedback model could be auseful tool for policy makersto comprehensively consider how to collect valuable
feedback from social media.

(J Med Internet Res 2017;19(1):€24) doi:10.2196/jmir.5780
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Introduction

Electronic cigarettes (e-cigarettes) have become increasingly
popular in recent years. As a new type of nicotine delivery
system, e-cigarettes, as defined by the US Food and Drug
Administration (FDA), are battery-operated products designed
to deliver nicotine, flavor, and other chemicals in aerosol form
[1]. Although the FDA has expressed concern about e-cigarettes
because they are not fully studied, the market has experienced
tremendous growth. The sales of e-cigarette productswere £3.9
billion globally, and £1.7 billion in the US, according to data
from Euromonitor International [2]. The growth rate was
estimated to be 24.2% per year through 2018 [3]. The fast
market devel opment hasled to ongoing discussions and debates
about the use of e-cigarettes, prompting significant research
interests and policy concerns [4-6].

Many e-cigarette studies have used the survey method to collect
information on the pattern of usage [7-16]. The survey sample
was usually the general population [8,11,13-16] or current or
former smokers [7,9,10,12]. The survey method included
Internet survey [7,9,10,11,13,14,16], telephone survey [8],
mail-in survey [15], and interview [12]. Some surveys only
drew samples from one country, such as the United States
[10,15,16], United Kingdom [7,9], and the Czech Republic [12],
but others used international samples[8,11,13,14]. The survey
guestionsincluded e-cigarette awareness, use, harm and benefit
perception, and preferences. Other demographic information
and smoking status were collected as well. The survey method
provided evidenceto lay asolid scientific foundation for public
health legidlation. However, surveysare usually time and money
consuming. Social media, as a new channel to access to
user-generated content, provides opportunities to collect large
volumes of data conveniently.

The rapid growth of online communities and social media
provides a new approach in collecting evidence for
policy-making processes. Large social media platforms,
including Facebook, Twitter, YouTube, and Reddit, enable new
channels for e-cigarette users to share information and
experiences. These platforms have provided efficient methods
of information access for heath surveillance and socia
intelligence [17,18]. E-cigarettes, as an emerging substitute for
combustible cigarettes, are broadly studied from the perspective
of social media as well. Vapor shop owners rely heavily on
social mediaor other online communitiesto promote e-cigarette
products by offering price discounts, specias, and loyalty
programs [19].

More insights were generated from studies based on specific
social media platforms. For example, one study found that the
vast mgjority of e-cigarette information on YouTube promoted
their use and depicted it as socialy acceptable [20]. Another
study discovered that e-cigarette-related videos usualy
highlighted e-cigarettes’ economic and socia benefits[21]. Hua
and colleagues [22] studied YouTube videos and found
e-cigarette users puff duration was approximately twice aslong

http://www.jmir.org/2017/1/e24/

as puff duration for conventiona smokers. Twitter also appeared
to be an important marketing platform for e-cigarettes [23].
Marketing strategies and locations of use were studied and
identified from e-cigarette-rel ated tweets [24]. Cole-Lewisand
colleagues [25] conducted a thorough content analysis of
e-cigarette-associated tweets and identified possible trends of
e-cigarette usage growth. Topic modeling was used to examine
tobacco-related tweets [26]. A supervised machine learning
technique was used on Twitter data to predict the themes of
posts, with fairly sound accuracy [27].

E-cigarettes are aso discussed on forums. Reddit, one of the
most comprehensive forums on the Internet, was used as a
source to identify vulnerable populations [28] and e-liquid
categories[29]. In addition to Reddit, datafrom three e-cigarette
forums, Electronic Cigarette Forum, VVapers Forum, and Vaper
Talk, were used to analyze e-cigarette-related symptoms [30].
Chen and colleagues [31] extracted contextua factors and
conducted topic-modeling techniques on data from Reddit and
other forumsto study e-cigarette and hookah use. Social media
platforms are often linked; thus, combined analyses of socia
media is interesting. Recently, a research paper examined the
marketing strategies of leading e-cigarette brands on multiple
social networking sitesincluding Twitter, Facebook, Googlet,
and Instagram, providing afirst step in understanding multiple
social networking site marketing [32]. Their findings showed
that studying the user-generated content from multiple social
media platforms could be of great importanceto understand the
e-cigarette market’s status quo.

Moreover, we have noticed that different social mediaplatforms
have different characteristics, both for posts and users. For
instance, Reddit is essentially an online bulletin system that
includes all kinds of discussions [33]. As one of the most
popular forumsin theworld, Reddit has comprehensive content
about e-cigarette topics, including policy discussions, experience
sharing, and promotions. Twitter, on the other hand, is efficient
at information transmission. Using the retweeting mechanism,
information spreads quickly through the network. In comparison,
JuiceDB is a relatively new platform focusing only on e-juice
product reviews [34]. The contents are limited to flavor
discussions. Studying e-cigarette topics on different platforms
and conducting cross-platform analysis would be of great
significance becauseit will provideinsightsinto how consumers
and policy makers can make good use of social mediato track
e-cigarette-related content and adjust their decisions and
policies. New e-cigarette research angles could aso be generated
with the help of technical tools from information science. In
this research, we are interested in automatically identifying
topics behind massive posts, which could be used to provide
real-time support to policy makers. Furthermore, our paper aims
at exploring the possibility of combining the results from
multiple platforms. We provide valuable insights from the data
and propose an automatic approach to generate these insights.
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Methods

Data Collection and Preprocessing

In aprevious study, we collected data from Reddit [29]. A total
of 34,051 e-cigarette flavor-related posts were collected from
Reddit from January 1, 2011, to June 30, 2015. In practice, there
was some hoise in the posts due to semantic ambiguity. We
considered words not related to e-cigarettes as noise and
eliminated posts that only contained noise keywords. For
instance, the Apple watch is an electronic product produced by
Applelnc. Thus, the posts only containing the keyword “Apple
watch” should not be covered in our analysis. Finally, a total
of 27,638 unique e-cigarette flavor-related postswereidentified
for analysis.

Datafrom JuiceDB were collected by usingitspublic application
program interface (API). We collected 14,433 JuiceDB e-liquid
reviews from June 26, 2013 to November 12, 2015. The dataset
was comprised of reviews on e-liquidsincluding overall rating,
subrating of e-liquid components, and detailed comments.

We also collected some data from Twitter. We created crawling
agents and simulated human behavior in the searching page of
Twitter to retrieve historical datafrom January 1, 2010 to June
30, 2015. We used the keywords “e cigarettes,” “electronic
cigarettes” “ecigarettes” “ecigs’ “smoking electronic
cigarettes,” “smoking ecigarettes,” and “smoking ecigs’ in the
searches and collected 353,984 tweets. Compared with Reddit,
Twitter is good at information transmission, which makesit an
important platform for advertising and social mediacampaigns.
Resultsfrom the Reddit dataset showed that the e-cigarette ban
debate was an interesting discussion topic. “E-cig ban” and
“e-cigarette ban” were general keywords describing the topic.
Thus, we used these keywords to collect data and analyze the
detailed discussion topic on Twitter. Some tweets were not
written in English. They were collected because they used
English hashtags that contained the keywords. In order to
analyze English tweets only, we filtered out other tweets by
using astop words list to detect the most probabl e language the
tweet was written in. Finally, we collected 13,356 tweets that
were valid for analysis.

Data Analysis

We used natural language processing (NLP) and Latent Dirichlet
Allocation (LDA), which are information science techniques,
to analyze the data. “Natural language” means the language
used by humans, whereas processing means using computers
to understand natural language input [35]. By enabling the use
of automated methods that represent the relevant information

http://www.jmir.org/2017/1/e24/
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in the text with high validity and reliability, NLP facilitates
tasks such as information retrieval, analysis, and prediction in
health areas[36]. Becauseit isdifficult and time consuming for
usersto manually handle the huge amounts of reviews or posted
data, we needed to use NLP techniques to help the computers
understand the meaning of human languages. Specifically, we
used basic NLP methods, including tokenization, stop words,
and stemming, to process the contents of reviews and postswith
the help of the Python Natural Language Toolkit (NLTK)
package [35].

LDA is a generative model for unsupervised topic modeling
that automatically discovers hidden topics from a set of
documents, such as posts, reviews, or tweetsin this study, each
of which containsabag of words[37]. The algorithm generates
agiven number of topics for a specific set of documents. Each
document is considered to be a mixture of several topics, and
a topic is characterized as a distribution of words [37]. By
understanding the topic distributions among documents and the
word distributions among topics, hidden information in the text
could be found automatically. We used the Python package
gensim to conduct L DA analysis[38]. The data processing steps
are shown in Multimedia Appendix 1. Multimedia Appendix 2
shows the details of our LDA-based e-cigarette topic analysis
model.

Practically, it was challenging to determine the number of topics
inthe LDA method. We used the hierarchical Dirichlet process
(HDP-LDA) to evaluate our decision, which was al so supported
by the Python gensim package [39]. In the HDP-LDA model,
the number of topics could be unbounded and |earned from the
data. We estimated the probability weight associated with each
topic using the Reddit dataset. Finally, we decided to use five
topicsin the analysis.

Theoutput of LDA inthis study was a set of topicsand themain
words associated with each topic. For example, 13,356 tweets
were treated as the input after preprocessing by the NLP tools.
After LDA processing, five topics with associated words were
summarized from these tweets. Consider each of the topics as
agroup. Every post belonged to one of the groups based on the
words it contained.

Results

Dataset Analyses

We performed LDA onthe three datasets. The number of topics
for each dataset was set to five. For a specific topic, the top 20
associated keywords are listed in Table 1.
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Table 1. Top five topics and keywords for posts from Reddit, JuiceDB, and Twitter.

Platform and topic

Keywords?

Reddit

1. Individual trades and vendor promotions
2. Flavor-rel ated experiences and sentiments
3. E-liquid components

4. Relationship with traditional tobacco
products

5. Personal experiences and questions

JuiceDB
1. Throat hit and vapor production

2. Fruit and cream flavors

3. Cream, tobacco, and seasonings flavors

4. Product promotion and recommendation

5. Vaping experiences

Twitter

1. Euecigban

2. New York and noecigban

3. General discussion of e-cigarette ban

4. Petition

5. Noecigban and freevape

Liquid, size, mini, sold, brand, shipping, free, cream, retail, price, sample, purchase, list, prices,
items, high, |eft, love, prefer, natural

Juice, flavor, good, flavors, vape, taste, great, juices, well, sweet, liquid, tastes, menthol, love, tank,
nice, pretty, coffee, hit, find

Strawberry, flavor, VG, juice, vanilla, cream, custard, thanks, vapor, banana, PG, flavors, TFA,
apple, mL, milk, 12 mg, bottles, menthol, 30 mL

Tobacco, nicotine, vaping, smoking, cigarette, people, smoke, ecig, quit, products, health, product,
year, electronic, know, companies, pack, stop, addiction, quit

Time, know, well, feel, best, love, long, pretty, thought, start, find, want, favorite, give, question,
experience, idea, hear, start, thanks

Throat hit, VG, vape, coail, tank, cloud, use, RDA, PG, vapor, max VG, liquid, dripper, high, drip,
vapor production, price, higher, 50/50, 6 mg

Sweet, like, strawberry, exhale, flavor, nice, get, realy, fruit, fruity, vape, cream, inhale, taste,
candy, good, tart, well, menthal, little

Swet, like, creamy, rich, exhale, custard, cinnamon, get, tobacco, nice, vanilla, inhale, good, banana,
cream, really, caramel, vape, smooth, hint

Try, vape, bottle, great, juice, order, favorite, recommend, best, flavor, day, love, time, first, adv,
go, would, price, amaze, definite

Like, steep, try, taste, really, get, good, vape, would, bottle, don’t, much, first, got, smell, think, bit,
better, still, even

Euecigban, eu, save, tobacco, stop, smoke, live, vaper, help, swof, try, want, people, million,
smoker, please, go, via, need, product

Vape, smoke, Twitter, come, pic, health, public, nyc, euecigban, cig, ad, noecigban, like, via, citi,
cal, propose, look, tobacco, news

Vape, smoke, vote, blog, post, huge, el ectroniccigarette, consequence, citi, include, council, new,
school, report, fda, house, county, harm, propose, cig

Sign, vape, health, flavor, RT, want, tobacco, petitition, euecigban, say, please, support, sale, regulate,
us, minor, use, propose, govern, plane

Vape, public, noecigban, vaping, sale, smoke, place, bill, minor, freevape, new, indoor, use, would,
cig, call, consider, New York, lawmaker, wale

8pG: propylene glycol; RDA: rebuildable dripping atomizer; RT: retweet; TFA: the flavor apprentice; VG: vegetable glycerin.

Reddit Dataset Analysis

The first topic was about purchasing e-cigarette products. It
contained vendor promotions and advertisements, but also
individual trading information. The keywordsincluded product
descriptions and prices. Topic 2 was flavor-related experiences
and sentiments. People discussed their vaping experience with
specific flavors and expressed their sentiment or evaluation.
Topic 3 wasthe discussion of e-liquid components. It is known
that e-liquid consists of vegetable glycerin (VG), propylene
glycol (PG), nicotine, and flavors [40], most of which showed
up in this topic. Topic 4 was about the relationship between
e-cigarettes and traditional tobacco products. E-cigaretteswere
promoted as a substitute product for traditional cigarettes. Some
smokers were seeking a comparison of e-cigarettes and
traditional cigarettesto decide whether to switch from smoking
to vaping. From the keywords, we knew that people were

http://www.jmir.org/2017/1/e24/

concerned about nicotine and addiction problems. The final
topic was about personal experience and questions. The
keywords included some verbs that describe the behavior of
using e-cigarettes, such as “ start,” “find,” or “want.”

JuiceDB Dataset Analysis

The outcome of LDA on JuiceDB reviews was quite different.
JuiceDB isaspecific platform only for e-liquid reviews and the
L DA results supported this. The top five topics were narrower
and more focused on e-liquids (Table 1).

Topic 1 referred to throat hit and vapor production, which were
two major features of the e-cigarette vaping experience. Topics
2 and 3 were discussions of specific flavors. From the previous
study, we knew that fruit and cream flavors were the most
popular, which was supported by the result that these two flavors
made up one topic and other flavors were a separate topic [29].
Topic 4 wasrelated to product promotion and recommendation.
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Reviews could be written for different purposes, such as
individual experience sharing or advertoria promotion. The
| ast topic was vaping experience, the same asthelast topic from
the Reddit results.

Twitter Dataset Analysis

The LDA performance on the Twitter data was even more
specific because we focused on the tweets related to e-cigarette
bans. Almost all tweets had a URL link that brought noise to
the LDA analysis. Thus, we built the LDA model after removing
URL links.

Twitter isfamous for its hashtag system. The hashtag isaword
coming after ahash (#) sign. Itisused asalabel to tag the tweet
to a specific group so that users can easily find and share
information in a specific community. Some of the keywords
(Table 1), such as “euecigban,”  “noecigban,’
“electroniccigarette,” and “freevape,” were actually hashtags,
and they were especially designed for social media campaigns.
We observed that the topics from the LDA results were quite
similar to one another. Some of the keywords, such as
“euecigban,” “noecigban,” and “New York,” were present in
several topics. However, topics «ill had their own
characteristics. Topics 1, 2, and 5 were related to campaigns
debating e-cigarette ban regulations. Topic 3 was a general
discussion of e-cigarette bans. It had “school,” “house,” and
“FDA" as keywords. Topic 4 was about petitions of the social
media campaign. We saw the words “petition,” “support,”
“sign,” and “us’ as the typical keywords. The word “RT”
represents “retweet,” which indicates the fast information
transmission in the petition.

Comprehensive Analysis Across Platforms

The preceding results described different topics for different
social media platforms. Generally speaking, Reddit is a
comprehensive forum so the topics are more general and broader
compared to JuiceDB, which is a specific platform for e-liquid
reviews. The data from Twitter showed that this social media
was used asaplatform for campaigns. We summarize thetopics
in these three platforms and present our insights for policy
makers. In total, there were four types of topics: promotions,
flavor discussions, experience sharing, and regulation debates.

Promotions

Promotion as a topic included trading among e-cigarette users
and sales from vendors to users. For instance, on Reddit, one
example of avendor promotion to users was:

http://www.jmir.org/2017/1/e24/
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Wednesday Purple Drank, Banana Berry Milkshake,
AND Hot Cider Donut Giveaway! Coupon codeinside
for 15% off ALL liquids! | Vapor Trails NW.

JuiceDB had promotions as well. However, the vendor
promotions on JuiceDB were written in the format of user
reviews because JuiceDB did not accept advertisements. For
example:

Mountain Dew-inspired flavor. | have been using this
juicefor afew daysnow and it’sactually really good!
Tastes pretty close to the real Mountain Dew flavor.
It's not exactly the same flavor as the drink but it is
VERY close. | recommend it!

Trading among users was another important type of e-cigarette
promotion. It was common to see these posts on Reddit because
thetitlesusually started with want to trade (WTT), want to sell
(WTS), and want to buy (WTB). For example:

WTT/WTS Avid and MBV Juice, Also a Kanger
Aerotank + full 5 pack of coails.

Among all the posts, 1636 posts had WTS in their title, 895
posts were labeled as WTT, and 431 posts were WTB posts.

Reddit, as a comprehensive platform, provides a promotion
platform for both vendors and individual users. Of 27,638 posts,
2962 (10.72%) arerelated to trading, which indicates that there
exists some secondhand e-cigarette transaction channels, raising
new challenges for regulation and surveillance. Teenagers, for
example, could acquire e-cigarette products easily from such
channels, which decreases the effectiveness of the FDA's
proposed e-cigarette ban policy. The existence of secondhand
markets introduces other possible problems as well. Without
regulations and standards, the product safety is not guaranteed,
raising potential risks for users. More than half of the trading
posts were on the supply side, which indicates that e-cigarette
userstend to be capricious about preference. This phenomenon
provides evidence for the necessity of further investigation.

Reddit and JuiceDB both provided detailed descriptions of
e-cigarette products. Moreover, some posts linked these two
platforms together. For instance, the posts in Multimedia
Appendix 3 showed the close connection between the platforms.

It is possible that users might refer to several platformsto find
useful information and suggestions for vaping. We examined
several other platforms, including Facebook, Twitter, the Vaping
Forum, UK Vapers, E-cigarette Forum, and Aussievapers. The
results are shown in Table 2.
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Link Reddit (n=27,638), n (%) JuiceDB (n=14,434), n (%)
Title Content Content

Facebook 32(0.12) 650 (2.35) 15(0.10)

Twitter 7 (0.03) 290 (1.05) 0

JuiceDB (Reddit) 14 (0.05) 68 (0.25) 110 (0.76)

The Vaping Forum 4(0.01) 7 (0.03) 0

UK vapers 13 (0.05) 4(0.02) 1(0.01)

E-cigarette forum 0 38 (0.14) 0

Aussievapers 4(0.01) 13(0.05) 0

Reddit isacomprehensive platform that links many other forums
and social media. However, JuiceDB seemed to be exclusively
related to Reddit.

Flavor Discussions

Flavor was one of the most discussed topics among e-cigarette
users. Both Reddit and JuiceDB had many posts related to
e-liquid flavors. In previous research, we identified eight
categories of flavors: fruits, cream, tobacco, menthol, beverages,
sweet, seasonings, and nuts [29]. In JuiceDB, there were nine
flavor categories: sweet, fruity, rich, creamy, spiced, tobacco,
cool, nutty, and coffee. The two category systems were fairly
consistent, providing a good schema for future research.

From the Reddit LDA results, the topic contained severa
keywords related to the taste of flavors, such as strawberry,
vanilla, custard, banana, apple, menthol, candy, blueberry,
mango, watermelon, cinnamon, peach, caramel, lemon,
chocolate, honey, cake, tea, raspberry, orange, cherry, cerea,
coconut, pear, grape, cookie, peanut, mint, pineapple, and coffee.
This set of flavors covered the majority of flavors found in
previous research [29]. Some of them, such as caramel, ceredl,
and coconut, were newly discovered by the LDA results.

A study about e-cigarette flavors pointed out that new flavors
would come out every now and then as the e-cigarette market
develops [41]. To discover new flavors manualy is expensive
in both time and money. Thus, our LDA approach provided a
cheap and automatic way for public health departments to
completeflavor listsin real-time surveillance and trend analysis.

The findings on JuiceDB were similar. However, because
JuiceDB focuses on e-liquid reviews, the topics we found were
more focused. Thus, fruit and cream flavors composed asingle
topic, whereas other flavors made up a separate one. These two
topics identified by the LDA method could help us build and
completetheflavor list, aswell asidentify new typesand trends.

Experience Sharing

Social mediaisaway for e-cigarette usersto share their vaping
experience with one ancther. People may ask and answer
guestions about e-cigarettes. Or they simply write down their
feelings after trying aparticular product. For example, a Reddit
user raised a question about sweet e-juice and cavities, which
is shown in Multimedia Appendix 4.

http://www.jmir.org/2017/1/e24/

Users aso shared their methods of using e-cigarettes to help
othersimprove their vaping experience. For example, acommon
method is called steeping. This is a special method to process
the e-liquid, especially for new products. Vapersusually believe
that steeping hel psto disperse chemicals and flavors throughout
thejuice. Steeping issimple. Just shake and storein acoal, dark
place to get a well-steeped e-liquid. This is an example from
JuiceDB:

Seeped thisjuice for 4 days, the color darkened just
a hit, the flavor really came out as well.

In comparison with traditional tobacco products, e-cigarettes
use e-liquid to deliver nicotine and other chemicals. Thus, the
method of vaping is totally different from smoking. As far as
we know, e-liquid steeping is till not well studied among the
literature.

Throat hit and vapor production are two other major features
of using e-cigarettes. Both JuiceDB and Reddit have thousands
of postsrelated to them. Throat hit isthefegling of smoke hitting
the back of the throat [42]. Some people like it, but some do
not. Typically, there are two types of e-cigarette users. Thefirst
typeis smokers who have switched or are going to switch from
traditional tobacco products to e-cigarettes. They are seeking a
strong throat hit and thick vapor production to acquire feelings
and experiences similar to smoking, asin the following example:

This juice is basically Boba's Bounty with Banana
added in. A nice tobacco/graham cracker flavor
bursting with banana but not too overwhelming, it's
just right. Great vapor production and throat hit.

The other type of users have never smoked traditional tobacco
products, directly adopting vaping. Thus, they arelesslikely to
like astrong throat hit. Their sharing and recommendations are
more mild in taste. For example:

\ery little throat hit in my mix (50pg/50vg 6mg) but

very good vapor production.
However, both types of users are more proneto like thick vapor
production. We believe that the vapor helps users gain a
visually pleasing experience. A huge amount of vapor could
produce a salient social image that is perceived and evaluated
by e-cigarette users, similar to traditional cigarettes [43]. The
image is studied and associated with certain attributes, such as
attractiveness, sophistication, and social success, which could
be a possible incentive to smoke [44]. Thus, it could aso
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motivate e-cigarette vaping behavior. Our finding suggests that
most e-cigarette users enjoy the social image of vaping.

In summary, both Reddit and JuiceDB provide users aplatform
to share vaping experiences. JuiceDB content isin the form of
reviews and focuses more on e-liquids. Reddit, however, offers
more approaches for user interactions, such as questions and
answers.

Regulation Debates

Reddit and Twitter had topics about regulations and policy
debates, but JuiceDB did not. The keywords from the
LDA-identified topics included “kids,” “addiction,” “house,”
“quitting,” “safe,” “cancer,” “chemicals,” “ government,” “ drug,”
“control,” “regulation,” and “harmful.” People were discussing
the effect of using e-cigarettes, especialy the effects on children,
and therisk of diseasesfrom chemicals. These discussionswent
further and led to debates on regulations and bans.

Some Reddit users expressed concerns, whereas others appeal ed
for not banning e-cigarettes. Examples are shown in Multimedia
Appendix 5.

In general, we used the keywords “policy,” “policies,” “ban,”
“bans,” “regulate” “regulates,” “regulated,” and “regulation”
to search the Reddit database, finding 872 posts. We were
interested in generating a basic understanding of people’'s
attitudes toward e-cigarette regulations. Thus, by reading

LI

Table 3. Regulation debates posts on Reddit (n=224).
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through the contents, 224 posts were considered to contain
personal attitudes, which are summarized in Table 3. There
were 21 proponents (9.4%), 136 opponents (60.7%), and 67
neutrals (29.9%) on e-cigarette bans. The proponents raised
examples from law, research findings, and moral requirements,
such as negative externality to children, to support the bans.
Another interesting idea to support e-cigarette regulation was
legislation benefit, indicating proper regulations could bring a
better environment to the e-cigarette industry and improve the
quality of e-cigarette products. However, the opponents also
argued from the same fields with different evidence. The most
common argument came from personal experience. Vapers
argued that e-cigarettes were safer than traditional tobacco
products and could save hundreds and thousands of lives. From
the perspective of laws, some people said, “thereis no apparent
direct regulatory authority in the United Statesto use flavorsin
e-cigarettes.” Politicswas another approach to battle e-cigarette
regulations. Some vapers believed regulations were motivated
by political pressure. Furthermore, opponents appealed for
actions to down hills designed to ban e-cigarettes. Cities and
states mentioned in call-for-action posts included Chicago,
Berkeley, Connecticut, and Utah. The existence of so many
call-to-action posts leads to the observation that Reddit serves
as an important platform for vapersto organize campaigns. For
instance, instructions for a mail campaign against bans are
presented in Multimedia Appendix 6.

Post themes n (%)
Proponents (9.4%)
Law 1(0.4%)
Research 5 (2.2%)
Moral requirement 9 (4.0%)
Legislation benefit 5 (2.2%)
Tax 1(0.4%)
Opponents (60.7%)
Personal freedom 5 (2.2%)
Safer product 52 (23.2%)
Law 4(1.8%)
Politics 8 (3.6%)
Employee efficiency 1(0.4%)
Research 8 (3.6%)
Call to action 51 (22.8%)
How to oppose 7 (3.1%)
Neutrals (29.9%)
Possible regulation 11 (4.9%)
Current regulation status 23 (10.3%)
Regulation effect 15 (6.7%)
Company rule 17 (7.6%)
Comparison 1(0.4%)
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Correspondingly, some vapers|ooked for suggestionsto oppose
e-cigarette bans, not only federal or state regulations, but also
company and university rules.

Some posts were neutral, including forecasting possible future
regulations, introducing the current regul ation status, analyzing
regulation effects, and discussing company-specific rules. Some
posts compared e-cigarettes and other addictive products, such
asjunk food, to discuss regulations on e-cigarette bans.

Twitter, on the other hand, focused more on information
transmission. Tweets are restricted to less than 140 words, so
they contain much lessinformation than acomplete Reddit post.
Thus, the contents on Twitter were more straightforward and
less descriptive. Twitter users tended to use other websites as
referencesto support their point rather than describeit in detail.
For instance:

RT @DelLaConcha: RT @tobacconistu: Judge rules
FDA cannot ban E-Cigarettes [ URL].

Twitter isalso famous for its social networking function. Users
connect to one another by following relationships. By retweeting
posts from other users, information is quickly transmitted all
over theworld. Thus, the contents are more timely than Reddit
posts. For example, an e-cigarette ban proposal in Coconino
County could be tracked on Google as early as April 8, 2014.
In our dataset, there was atweet directing to this pageright after
it was published.

Finally, aswe have mentioned, Twitter isawell-known platform
for social media campaigns. By using certain hashtags, users
become involved and influence specific topics. Ideas spread
quickly through such campaigns. The hashtags #euecigban,
#noecigban, and #freevape were broadly used on Twitter.

There were 3118 tweets contai ning the hashtag #euecigban, 916
posts containing the hashtag #noecigban, and 299 posts
containing the hashtag #freevape. We analyzed the same number
of postsfor each hashtag group. For each hashtag, we randomly
picked out 299 posts (the total humber of posts that #freevape
had), analyzed the content, and classified them into themes, as
shown in Table 4. All the themes were against e-cigarette
regulations, except for two:

http://www.jmir.org/2017/1/e24/
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1. No harm: tweets with this theme argued that e-cigarettes
should not be banned because their use haslittle or no negative
impact on human health, especially for 0 mg nicotine e-liquid.

2. Smoking cessation and saving lives: this theme stated that
e-cigarettes should not be banned because e-cigarettes could
act as a substitute for traditional tobacco and, therefore,
e-cigarettes could help users quit smoking and save lives.

3. Pharma intereststax income: some tweets argued that
e-cigarette bans were proposed because of the interests of
traditional tobacco/pharmacompanies or taxation from the sales
of traditional tobacco.

4. Biased research: some people thought the evidence from
research that supports e-cigarette bans was biased.

5. Personal freedom and rights: some people believed banning
e-cigarettes was a violation of personal freedom and rights.

6. Simple opposition: some tweets just opposed e-cigarette
regulations without providing any evidence.

7. Call to action: tweets in this theme were appealing for some
action to oppose the ongoing bills. Usually, it was an imperative
sentence with keywords “ support,” “sign,” and “action.”

8. Only tag: these tweets contained a hashtag but not any other
text content. Usually these tweets had URL s or pictures, which
were not analyzed by this research.

9. Neutral descriptions: text content in the tweets were just
descriptions without personal attitudes.

Figure 2 shows the comparison of themes among these three
hashtags. We observed that the #euecigban campaign was more
reasonable becauseit had agreat proportion of tweets containing
evidence to support their statement. However, #noecigban
focused more on direct opposition with some URL sand pictures.
The campaign by #freevape seemed to be more descriptive and
illustrated the current status of e-cigarettes with a neutral
perspective.

In summary, Reddit, which is essentially a forum, has more
user discussions and interactions than Twitter. But Twitter is
good at information transmission and social media campaigns.
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Hashtag and category n (%)
#euecigban (n=299)
No harm 21(7.0)
Smoking cessation and life saving 141 (47.2)
Pharmainterests/tax income 8(2.7)
Biased research 2(0.7)
Personal freedom and right 10 (3.3)
Simply opposition 46 (15.4)
Call to action 32(10.7)
Only tag 10(3.3)
Neutral description 29(9.7)
#noecigban (n=299)
No harm 10(3.3)
Smoking cessation and life saving 71 (23.7)
Pharmainterests/tax income 14 (4.7)
Biased research 0(0.0)
Personal freedom and right 11 (3.7)
Simply opposition 69 (23.1)
Call to action 21 (7.0
Only tag 52 (17.4)
Neutral description 51(17.1)
#freevape (n=299)
No harm 3(1.0)
Smoking cessation and life saving 24 (8.0)
Pharmainterests/tax income 7(2.3)
Biased research 0(0)
Personal freedom and right 2(0.7)
Simply opposition 15(5.0)
Call to action 5(1.7)
Only tag 23(7.7)
Neutral description 220 (73.6)
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Figure 2. Tweet theme comparison.
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Differences Across Platforms

The comprehensive analysisin the previous part presented the
results summarized from all the dataavailable. However, another
interesting question came from the differences across platforms;
specifically, whether the posts from different platforms had
different topic distributions. As shown previously, the dataset
collected from Twitter was more related to regulation debates,
whereas the datasets from Reddit and JuiceDB were more
comprehensive because of the keywords selected in the data
collection processes. Thus, in this study, we only compared the
topic distributions between Reddit and JuiceDB.

As stated in the data analysis section, the LDA agorithm
identified five topics from a collection of Reddit or JuiceDB
posts. In order to compare across the platforms, we manually
classified those topicsinto three groups: promotion, flavor, and
experience. Each of the posts was categorized into one of the
groups. For Reddit, the number of topicsin promotion, flavor,
and experience were 2152, 21,752, and 3734, respectively; for
JuiceDB, the number of topics in promotion, flavor, and
experience were 4203, 5196, and 5034, respectively.

We ran a chi-square test to compare the differences in topic
distribution between Reddit and JuiceDB. The results showed
that the topic distribution was significantly different (P<.001),
which indicated the user discussions focused on different
perspectives across the platforms.

Discussion

A Unified Feedback Model

We provide a general framework to analyze user-generated
content from social media. After theraw materialsare collected,
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we believe it will be much better if the topic-modeling method
is used to generate some insights for further analysis. For
instance, we found several topics by applying LDA methodsto
datasets collected from different social media. Thesetopicsare
classified into four types. promotions, flavor discussions,
experience sharing, and regulation debates. Compared to the
results from surveys and experiments, data from social media
are collected in the field and have a large data size, which
provides a potential approach to generate valuable insights.
Moreover, collecting data online uses lesstime and money than
recruiting participantsto complete questionnaires. Based on the
previous analysis, we propose a unified model for e-cigarette
policy proposals, as shown in Figure 3. In this framework, the
researchers and policy makers can obtain feedback to policy
proposals, which can be used as evidence to support public
health policy development. Governments also have official
accounts on Twitter and Facebook because they are considered
as the most influential social media. Thus, policy proposals
could be published by the official account on these two websites.
Thanks to the high speed of information transmission, all the
major social media will soon be notified. Users in different
platforms will provide valuable feedback to the policy. After
data collection, the topic-modeling method provides a possible
approach to measure the feedback because it presents the
implicit structure of the data. The topic and many other metrics
can be used together to conduct public health surveillance.
Although using keywords can provide a continuous record for
trend analysis, the change of topics and corresponding keywords
can help us identify which keywords should be listened to. As
mentioned previously, topic modeling is helpful in broadening
policy makers horizons, enriching research corpus, and
detecting emerging trend.
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Figure 3. A unified e-cigarette socia media feedback collection and analysis model.
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Consider two simple examples. Assume that government
departments, such asthe FDA, want to collect some data about
symptoms and adverse events from using different flavored
e-liquids [1]. With our model, major platforms such as Twitter,
Facebook, and Reddit could be considered. The topic of flavor
discussions could be identified automatically using LDA
methods. Posts belonging to this topic should be further
examined. Furthermore, JuiceDB, serving as a second-tier
platform, could provide additional information to analyze the
effect of flavors. Another exampleis collecting public comments
and thoughts for future regulations. The FDA has held three
public workshops to obtain information on e-cigarettes and
public health. However, our model provides another approach
to collect additional information from the field. Reddit and
Twitter are important platforms for regulation feedback even
though they emphasize different aspects. Information

http://www.jmir.org/2017/1/e24/
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transmission on Twitter isfaster whereas discussions on Reddit
are more detailed. Both of them provide unique angles to
understand public comments. In addition, some other second-tier
platforms could be useful for exploring deeper and further
thoughts.

Contributions

In summary, the rapid growth of e-cigarette user communities
indicates the importance of research in thisfield. Socia media
has proven to play an indispensable role in promotions and
communications. Previous research has utilized social media
as the data source to study e-cigarettes. Most of them focused
on only one specific platform [19-31]. Therefore, there is still
a lack of comprehensive examination across multiple social
media platforms. Chu and colleagues [32] used data from both
Facebook and Twitter to study the marketing strategies of
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e-cigarette brands. This paper is inspired by the previous
research, but contributesto the field by analyzing topics across
the platforms using automatic topic-modeling tools. The LDA
method isintroduced to researchers and policy makerswho are
interested in data mining and machine learning. Reddit is
recognized asacomprehensiveforum for e-cigarette discussions,
whereas JuiceDB only focuses on e-liquid reviews. Twitter has
less information within each post, but is good at data
transmission and campaign detection. Furthermore, the types
of topics are summarized into four groups: promotions, flavor
discussions, experience sharing, and regulation debates.
Statistics are summarized to generate insights into the current
state of e-cigarette communities. Specifically, wefound (1) 11%
of the Reddit posts were user trading posts, which showed
evidence of the existence of a large secondhand e-cigarette
trading market, raising new concerns in regulations and
surveillance; (2) flavor discussions from JuiceDB and Reddit
followed consistent category systems, which provided a good
framework for automatically discovering new products and
emerging trends; (3) experience sharing included e-cigarette
vaping methods, features, and outcomes, which served as
evidence of the patterns of e-cigarette use; and (4) regulation
debatesfrom Reddit could be used to collect feedback, whereas
Twitter was a popular platform for a social media campaign.
The topic distributions within Reddit and JuiceDB were
significantly different (P<.001), which indicated the user
discussions focused on different perspectives across the
platforms. The unified feedback model we presented to collect
valuable proposal feedback from social mediawill save policy
makers’ time and money.

Limitations

We collected data from Reddit, JuiceDB, and Twitter, which
was feasible for our current research. However, several other
platforms, such as Facebook and E-cigarette Forum, could be
considered to expand the current dataset for further analysis.
We only collected regulation-related data from Twitter, but
other e-cigarette-related tweets could be of interest. A more
general keyword set should be created for data collection across
the platforms. Moreover, the keywords “vape,” “vapor,” and
“vaping” should be included in the next step of data collection.
However, we still believe the research findings from the current
dataset provide valid and valuable insights.

Another limitation of this paper was the lack of demographic
information. Because Reddit, JuiceDB, and Twitter do not
providereliable personal characteristics, such asage and gender,
we cannot divide our dataset into several subgroups to analyze
the different patterns among different age or gender groups.

Finally, this study only used LDA to identify topics among
posts. There are many other data mining tools that could be
applied to further explore the dataset. For instance, sentiment
analysis could be conducted on the regulation-related posts.

Zhanetd

Positive, neutral, or negative sentiments are an important
indicator for understanding public comments.

Future Research

We envision three possible approaches for further study. First,
the LDA model could be modified and extended for further
analysis. Inthis paper, we applied the standard L DA techniques
as the topic-modeling algorithm, and the results were feasible
enough to conduct some analysis. However, given the special
context of e-cigarettes, we believe that some modifications to
the standard L DA model could produce better and more precise
results. For instance, topic-in-set knowledge could be added to
achieve supervised learning [45]. Another study modified LDA
to find groups in graphs, which could be helpful in finding
e-cigarette promoters in social media networks [46]. Social
mediaanalysisisfamousfor itsbig data. L DA could be applied
in a distributed way to process the big data as well [47]. In
summary, there are many modifications to the standard LDA
model, which could be further explored by us and other
researchers.

Second, major types of topics are identified, each of which is
interesting and makes practical sense. Some findings and
discussions could be further explored. For example, individual
trading is an emerging phenomenon in the e-cigarette market,
which could produce potential risks to e-cigarette regulations.
Vendors' promotions are also worth studying to find patterns.
Automatic emerging e-liquid detection and symptoms collection
are important as well. Studying feedback on proposed policies
would generate insights for policy makers to make better
decisions.

Finally, the characteristics of social media platforms should be
further analyzed. For example, the problem of bots, fake
accounts, and spam on Twitter is worth exploring, from both a
research perspective and an application perspective. It will be
challenging and meaningful if we can develop an automatic
filter for more accurate analysison Twitter. Thealgorithm itself
and the patterns of spammers are worth studying. The
connections between platforms are interesting as well. If we
could identify the same account across platforms, the
information flow could be easily understood, providing a
valuable signal for public health surveillance.

Conclusion

Using topic modeling techniques LDA, we identified topics
among posts generated by e-cigarette users. This automatic
method could be used to analyze the state of the art in the
e-cigarettefield. New brands, flavors, and trends could be found
using our method, which is of great importance to the
fast-developing e-cigarette market. We compared the results
from Reddit, JuiceDB, and Twitter and discussed the similarities
and differences of the platforms. We hope the characteristics
analyzed by this paper can be further used by other researchers
and policy makers.

http://www.jmir.org/2017/1/e24/

JMed Internet Res 2017 | vol. 19 | iss. 1 [e24 | p.97
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Zhan et a

Acknowledgments

Several members of the SMILES (Social Media-based Informatics pLatform for E-cigarette regulatory research) group at the
Ingtitute of Automation, Chinese Academy of Sciences, assisted in this study, which we gratefully acknowledge. In particular,
we would like to thank Xin Peng, Xuezhen Zhang, Na Chen, and Xiang Zhou for help downloading and coding the data and
making val uable suggestions. Thiswork was supported by the US National Institutes of Health under Grant No. 5R01DA037378-03,
National Key Research and Development Program under Grant No. 2016Y FC1200702, the Key Research Program of the Chinese
Academy of Sciences under Grant No. ZDRW-XH-2017-3, National Natural Science Foundation of China under Grant No.
71621002,61671450,71272236.

Conflictsof I nterest

Scott J Leischow has served as a paid consultant to or conducted research for Pfizer, GSK, Cypress BioScience, and McNeil
Consumer. McNeil Consumer is collaborating with GSK on a current study on nicotine replacement, which is being conducted
by Scott J Leischow, and GSK markets bupropion.

Multimedia Appendix 1
Graphical representation of the LDA model.

[PNG File, 15KB - jmir_v19i1e24 appl.png ]

Multimedia Appendix 2
LDA model.

[PDE File (Adobe PDE File), 28KB - jmir_v19i1e24_app2.pdf ]

Multimedia Appendix 3
Close connections between Reddit and JuiceDB.

[PDE File (Adobe PDF File), 16KB - jmir_v19i1e24_app3.pdf ]

Multimedia Appendix 4
Sweet e-juice and cavity.

[PDE File (Adobe PDF Fil€e), 15KB - jmir_v19i1e24_app4.pdf ]

Multimedia Appendix 5
Regulation debates from Reddit.

[PDE File (Adobe PDF File), 16KB - jmir_v19i1e24_app5.pdf ]

Multimedia Appendix 6
An instruction to against e-cigarette ban by mails.

[PDE File (Adobe PDE File), 17KB - jmir_v19i1e24_app6.pdf ]

References

1.  USFoodand Drug Administration. 2015 Jul 07. Electronic cigarettes (e-Cigarettes) URL: http://www.fda.gov/NewsEvents/
PublicHealthFocus/ucm172906.htm [accessed 2016-03-19] [WebCite Cache ID 6g8J51PoN]

2. Davidson L. The Telegraph. 2015 Jun 23. Vaping takes off as e-cigarette sales break through $6bn URL : http://www.
tel egraph.co.uk/finance/newsbysector/retail andconsumer/11692435/Vapi ng-takes-off-as-e-cigarette-sal es-break-through-6bn.
html [accessed 2016-03-18] [WebCite Cache ID 698J6lifO]

3. WahbaP Fortune. 2014 Jun 11. US e-cigarette sales seen rising 24.2% per year through 2018 URL : http://fortune.com/
2014/06/10/e-cigarette-sales-rising/ [accessed 2016-03-19] [WebCite Cache ID 6g8JFVcTU]

4.  Harrell PT, Simmons VN, Correa JB, Padhya TA, Brandon TH. Electronic nicotine delivery systems (“e-cigarettes’):
review of safety and smoking cessation efficacy. Otolaryngol Head Neck Surg 2014 Sep;151(3):381-393 [FREE Full text]
[doi: 10.1177/0194599814536847] [Medline: 24898072]

5. Ebbert JO, Agunwamba AA, Rutten LJ. Counseling patients on the use of electronic cigarettes. Mayo Clin Proc 2015
Jan;90(1):128-134 [FREE Full text] [doi: 10.1016/j.mayocp.2014.11.004]

http://www.jmir.org/2017/1/e24/ JMed Internet Res 2017 | vol. 19 | iss. 1 |e24 | p.98
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v19i1e24_app1.png&filename=46e753728d633079be917f5408b97436.png
https://jmir.org/api/download?alt_name=jmir_v19i1e24_app1.png&filename=46e753728d633079be917f5408b97436.png
https://jmir.org/api/download?alt_name=jmir_v19i1e24_app2.pdf&filename=5563306f7e1fb09b24efebf1f14cd23f.pdf
https://jmir.org/api/download?alt_name=jmir_v19i1e24_app2.pdf&filename=5563306f7e1fb09b24efebf1f14cd23f.pdf
https://jmir.org/api/download?alt_name=jmir_v19i1e24_app3.pdf&filename=fac6bacbc10b6d5889f04f2046e0027f.pdf
https://jmir.org/api/download?alt_name=jmir_v19i1e24_app3.pdf&filename=fac6bacbc10b6d5889f04f2046e0027f.pdf
https://jmir.org/api/download?alt_name=jmir_v19i1e24_app4.pdf&filename=5e95f4346f11d9a0b0f289eb791f91b1.pdf
https://jmir.org/api/download?alt_name=jmir_v19i1e24_app4.pdf&filename=5e95f4346f11d9a0b0f289eb791f91b1.pdf
https://jmir.org/api/download?alt_name=jmir_v19i1e24_app5.pdf&filename=cd54ad8d0067338d7a8c678eaa9c8cec.pdf
https://jmir.org/api/download?alt_name=jmir_v19i1e24_app5.pdf&filename=cd54ad8d0067338d7a8c678eaa9c8cec.pdf
https://jmir.org/api/download?alt_name=jmir_v19i1e24_app6.pdf&filename=cb42120b9a9597e02304656c28194fc2.pdf
https://jmir.org/api/download?alt_name=jmir_v19i1e24_app6.pdf&filename=cb42120b9a9597e02304656c28194fc2.pdf
http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm172906.htm
http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm172906.htm
http://www.webcitation.org/6g8J51PoN
http://www.telegraph.co.uk/finance/newsbysector/retailandconsumer/11692435/Vaping-takes-off-as-e-cigarette-sales-break-through-6bn.html
http://www.telegraph.co.uk/finance/newsbysector/retailandconsumer/11692435/Vaping-takes-off-as-e-cigarette-sales-break-through-6bn.html
http://www.telegraph.co.uk/finance/newsbysector/retailandconsumer/11692435/Vaping-takes-off-as-e-cigarette-sales-break-through-6bn.html
http://www.webcitation.org/6g8J6IifO
http://fortune.com/2014/06/10/e-cigarette-sales-rising/
http://fortune.com/2014/06/10/e-cigarette-sales-rising/
http://www.webcitation.org/6g8JFVcTU
http://europepmc.org/abstract/MED/24898072
http://dx.doi.org/10.1177/0194599814536847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24898072&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0025619614009896
http://dx.doi.org/10.1016/j.mayocp.2014.11.004
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Zhan et a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Drummond MB, Upson D. Electronic cigarettes. Potential harmsand benefits. Ann Am Thorac Soc 2014 Feb;11(2):236-242.
[doi: 10.1513/AnnalsATS.201311-391FR] [Medline: 24575993]

Brown J, West R, Beard E, Michie S, Shahab L, McNeill A. Prevalence and characteristics of e-cigarette usersin Great
Britain: findings from a general population survey of smokers. Addict Behav 2014 Jun;39(6):1120-1125 [FREE Full text]
[doi: 10.1016/j.addbeh.2014.03.009] [Medline: 24679611]

Adkison S, O'Connor RJ, Bansal-Travers M, Hyland A, Borland R, Yong H, et a. Electronic nicotine delivery systems:
international tobacco control four-country survey. Am JPrev Med 2013 Mar;44(3):207-215 [FREE Full text] [doi:
10.1016/j.amepre.2012.10.018] [Medline: 23415116]

Hitchman S, Brose LS, Brown J, Robson D, McNeill A. Associations between e-cigarette type, frequency of use, and
quitting smoking: findings from alongitudinal online panel survey in Great Britain. Nicotine Tob Res 2015
Oct;17(10):1187-1194 [FREE Full text] [doi: 10.1093/ntr/ntv078] [Medline: 25896067]

Giovenco DP, Lewis MJ, Delnevo CD. Factors associated with e-cigarette use: a national population survey of current and
former smokers. Am JPrev Med 2014 Oct;47(4):476-480 [FREE Full text] [doi: 10.1016/j.amepre.2014.04.009] [Medline:
24880986]

Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Voudris V. Characteristics, perceived side effects and benefits of
electronic cigarette use: a worldwide survey of more than 19,000 consumers. Int J Environ Res Public Health 2014 Apr
22;11(4):4356-4373 [FREE Full text] [doi: 10.3390/ijerph110404356] [Medline: 24758891]

Kralikova E, Novak J, West O, Kmetova A, Hajek P. Do e-cigarettes have the potential to compete with conventional
cigarettes?: a survey of conventional cigarette smokers' experiences with e-cigarettes. Chest 2013 Nov;144(5):1609-1614.
[doi: 10.1378/chest.12-2842] [Medline: 23868661]

Etter J. Electronic cigarettes: a survey of users. BMC Public Health 2010 May 04;10:231 [FREE Full text] [doi:
10.1186/1471-2458-10-231] [Medline: 20441579]

Dawkins L, Turner J, Roberts A, Soar K. 'Vaping' profiles and preferences. an online survey of electronic cigarette users.
Addiction 2013 Jun;108(6):1115-1125. [doi: 10.1111/add.12150] [Medline: 23551515]

Regan AK, Promoff G, Dube SR, ArrazolaR. Electronic nicotine delivery systems: adult use and awareness of the 'e-cigarette
in the USA.. Tob Control 2013 Jan;22(1):19-23. [doi: 10.1136/tobaccocontrol-2011-050044] [Medline: 22034071]
Pearson J, Richardson A, Niaura RS, Vallone DM, Abrams DB. e-Cigarette awareness, use, and harm perceptionsin US
adults. Am J Public Health 2012 Sep;102(9):1758-1766 [FREE Full text] [doi: 10.2105/AJPH.2011.300526] [Medline:
22813087]

Wang F, Carley K, Zeng D, Mao W. Sacial computing: from socia informaticsto social intelligence. |EEE Intell Syst 2007
Mar;22(2):79-83. [doi: 10.1109/M1S.2007.41]

Yan P, Chen H, Zeng D. Syndromic surveillance systems. Ann Rev Info Sci Tech 2009 Nov 05;42(1):425-495 [FREE Full
text] [doi: 10.1002/aris.2008.1440420117]

Cheney M, Gowin M, Wann T. Marketing practices of vapor store owners. Am J Public Health 2015 Jun;105(6):e16-€21.
[doi: 10.2105/AJPH.2015.302610] [Medline: 25880960]

Luo C, Zheng X, Zeng DD, Leischow S. Portrayal of electronic cigarettes on YouTube. BMC Public Health 2014 Oct
03;14:1028 [FREE Full text] [doi: 10.1186/1471-2458-14-1028] [Medline: 25277872]

Paek H, Kim S, Hove T, Huh JY. Reduced harm or another gateway to smoking? source, message, and information
characteristics of E-cigarette videos on YouTube. J Health Commun 2014;19(5):545-560. [doi:
10.1080/10810730.2013.821560] [Medline: 24117370]

HuaM, Yip H, Talbot P. Mining data on usage of electronic nicotine delivery systems (ENDS) from YouTube videos. Tob
Control 2013 Mar;22(2):103-106. [doi: 10.1136/tobaccocontrol-2011-050226] [Medline: 22116832]

Huang J, Kornfield R, Szczypka G, Emery SL. A cross-sectional examination of marketing of electronic cigarettes on
Twitter. Tob Control 2014 Jul;23 Suppl 3:1ii26-iii30 [FREE Full text] [doi: 10.1136/tobaccocontrol-2014-051551] [Medline:
24935894]

Kim AE, Hopper T, Simpson S, Nonnemaker J, Lieberman AJ, Hansen H, et al. Using Twitter datato gain insightsinto
e-cigarette marketing and locations of use: an infoveillance study. JMed Internet Res 2015;17(10):€251 [FREE Full text]
[doi: 10.2196/jmir.4466] [Medline: 26545927]

Cole-LewisH, Pugatch J, Sanders A, Varghese A, Posada S, Yun C, et al. Socia listening: a content analysis of e-cigarette
discussionson Twitter. JMed Internet Res 2015;17(10):e243 [FREE Full text] [doi: 10.2196/jmir.4969] [Medline: 26508089]
Prier KW, Smith MS, Giraud-Carrier C, Hanson C. Identifying health-related topics in Twitter: an exploration of
tobacco-related tweets as a test topic. In: Proceedings of the 4th International Conference on Social Computing,
Behavioral-Cultural Modeling and Prediction. 2011 Presented at: 4th International Conference on Social Computing,
Behavioral-Cultural Modeling and Prediction; Mar 29-31, 2011; College Park, MD p. 18-25. [doi:
10.1007/978-3-642-19656-0_4]

Cole-LewisH, Varghese A, Sanders A, Schwarz M, Pugatch J, Augustson E. Assessing electronic cigarette-rel ated tweets
for sentiment and content using supervised machine learning. J Med Internet Res 2015;17(8):€208 [EREE Full text] [doi:
10.2196/jmir.4392] [Medline: 26307512]

http://www.jmir.org/2017/1/e24/ JMed Internet Res 2017 | vol. 19 |iss. 1 |e24 | p.99

(page number not for citation purposes)


http://dx.doi.org/10.1513/AnnalsATS.201311-391FR
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24575993&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0306-4603(14)00074-4
http://dx.doi.org/10.1016/j.addbeh.2014.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24679611&dopt=Abstract
http://europepmc.org/abstract/MED/23415116
http://dx.doi.org/10.1016/j.amepre.2012.10.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23415116&dopt=Abstract
http://europepmc.org/abstract/MED/25896067
http://dx.doi.org/10.1093/ntr/ntv078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25896067&dopt=Abstract
http://europepmc.org/abstract/MED/24880986
http://dx.doi.org/10.1016/j.amepre.2014.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24880986&dopt=Abstract
http://www.mdpi.com/resolver?pii=ijerph110404356
http://dx.doi.org/10.3390/ijerph110404356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24758891&dopt=Abstract
http://dx.doi.org/10.1378/chest.12-2842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23868661&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-10-231
http://dx.doi.org/10.1186/1471-2458-10-231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20441579&dopt=Abstract
http://dx.doi.org/10.1111/add.12150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23551515&dopt=Abstract
http://dx.doi.org/10.1136/tobaccocontrol-2011-050044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22034071&dopt=Abstract
http://europepmc.org/abstract/MED/22813087
http://dx.doi.org/10.2105/AJPH.2011.300526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22813087&dopt=Abstract
http://dx.doi.org/10.1109/MIS.2007.41
http://doi.wiley.com/10.1002/aris.2008.1440420117
http://doi.wiley.com/10.1002/aris.2008.1440420117
http://dx.doi.org/10.1002/aris.2008.1440420117
http://dx.doi.org/10.2105/AJPH.2015.302610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25880960&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-1028
http://dx.doi.org/10.1186/1471-2458-14-1028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25277872&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2013.821560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24117370&dopt=Abstract
http://dx.doi.org/10.1136/tobaccocontrol-2011-050226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22116832&dopt=Abstract
http://tobaccocontrol.bmj.com/cgi/pmidlookup?view=long&pmid=24935894
http://dx.doi.org/10.1136/tobaccocontrol-2014-051551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24935894&dopt=Abstract
http://www.jmir.org/2015/10/e251/
http://dx.doi.org/10.2196/jmir.4466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26545927&dopt=Abstract
http://www.jmir.org/2015/10/e243/
http://dx.doi.org/10.2196/jmir.4969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26508089&dopt=Abstract
http://dx.doi.org/10.1007/978-3-642-19656-0_4
http://www.jmir.org/2015/8/e208/
http://dx.doi.org/10.2196/jmir.4392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26307512&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Zhan et a

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

Pavalanathan U, Choudhury MD. Identity Management and Mental Health Discourse in Social Media. In: Proceedings of
the 24th International Conference on World Wide Web. 2015 Presented at: WWW '15 International Conference on World
Wide Web; May 18-22, 2015; Florence, Italy p. 315-321. [doi: 10.1145/2740908.2743049]

Wang L, Zhan, Li Q, Zeng DD, Leischow SJ, Okamoto J. An examination of electronic cigarette content on social media:
analysis of e-cigarette flavor content on Reddit. Int J Environ Res Public Health 2015 Nov;12(11):14916-14935 [FREE
Full text] [doi: 10.3390/ijerph121114916] [Medline: 26610541]

HuaM, Alfi M, Talbot P. Health-related effects reported by electronic cigarette usersin online forums. JMed Internet Res
2013 Apr 08;15(4):€59 [EREE Full text] [doi: 10.2196/jmir.2324] [Medline: 23567935]

Chen AT, Zhu S, Conway M. What online communities can tell us about electronic cigarettes and hookah use: a study
using text mining and visualization techniques. JMed Internet Res 2015;17(9):e220 [ FREE Full text] [doi: 10.2196/jmir.4517]
[Medline: 26420469]

Chu K, Sidhu A, Valente T. Electronic cigarette marketing online: a multi-site, multi-product comparison. IMIR Public
Health Surveill 2015;1(2):e11 [FREE Full text] [doi: 10.2196/publichealth.4777] [Medline: 27227129]

Reddit. Frequently asked questions URL : https.//www.reddit.com/wiki/fag [accessed 2016-03-19] [WebCite Cache ID
698JRXDq]

JuiceDB. URL: https://www.juicedb.com/ [accessed 2016-03-19] [WebCite Cache ID 6g8JheDDJ]

Bird S, Klein E, Loper E. Natural Language Processing with Python. Sebastopol, CA: O'Reilly; 20009.

Friedman C, Elhadad N. Natural language processing in health care and biomedicine. In: Shortliffe EH, Cimino JJ, editors.
Biomedical Informatics: Computer Applications in Health Care and Biomedicine. London: Springer; 2014:255-284.

Blei DM, Ng AY, Jordan MI. Latent Dirichlet allocation. JMach Learn Res 2003 Mar 01;3:993-1022 [FREE Full text]
Rehurek R, Sojka P. Software framework for topic modelling with large corpora. In: Proceedings of the LREC 2010
Workshop on New Challenges for NLP Frameworks. 2010 Presented at: LREC 2010 Workshop on New Challenges for
NLP Frameworks;, May 22, 2010; Valletta, Malta p. 45-50 URL : https://radimrehurek.com/gensim/Irec2010 final.pdf
Teh YW, Jordan MI, Beal MJ, Blei DM. Hierarchical Dirichlet processes. JAm Stat Assoc 2006 Dec;101(476):1566-1581.
[doi: 10.1198/016214506000000302]

Fan D. LinkedIn. 2014. PG vs VG? All things you should know about e-liquid URL : https://www.linkedin.com/pul se/
20140610083157-323109215-pg-vs-vg-all-things-you-shoul d-know-about-e-liquid [accessed 2016-03-19] [WebCite Cache
ID 6g8JnZFJH]

Zhu S, Sun JY, Bonnevie E, Cummins SE, Gamst A, Yin L, et al. Four hundred and sixty brands of e-cigarettes and counting:
implications for product regulation. Tob Control 2014 Jul;23 Suppl 3:iii3-iii9 [FREE Full text] [doi:
10.1136/tobaccocontrol-2014-051670] [Medline: 24935895]

McQueen A, Tower S, Sumner W. Interviews with “vapers’: implications for future research with electronic cigarettes.
Nicotine Tob Res 2011 Sep;13(9):860-867. [doi: 10.1093/ntr/ntr088] [Medline: 21571692]

Leventhal H, Cleary PD. The smoking problem: areview of the research and theory in behavioral risk modification. Psychol
Bull 1980 Sep;88(2):370-405. [Medline: 7422752]

Barton J, Chassin L, Presson CC, Sherman SJ. Social image factors as motivators of smoking initiation in early and middle
adolescence. Child Dev 1982 Dec;53(6):1499-1511. [Medline: 7172778]

Andrzejewski D, Zhu X. Latent Dirichlet allocation with topic-in-set knowledge. In: Proceedings of the NAACL HLT 2009
Workshop on Semi-Supervised Learning for Natural Language Processing. 2009 Presented at: NAACL HLT 2009 Workshop
on Semi-supervised Learning for Natural Language Processing; Jun 4, 2009; Boulder, CO p. 43-48.

Henderson K, Eliassi-Rad T. Applying latent dirichllocation to group discovery in large graphs. In: Proceedings of the 2009
ACM symposium on Applied Computing. 2009 Presented at: ACM Symposium on Applied Computing; Mar 9-12, 2009;
Honolulu, HI p. 1456-1461 URL : http://eliassi.org/papers/henderson-sac09.pdf

Newman D, Asuncion A, Smyth P, Welling M. Distributed inference for latent Dirichlet allocation. In: Advancesin Neural
Information Processing Systems 20 (NIPS 2007). 2007 Presented at: NIPS 2007; Dec 3-6, 2007; Vancouver, BC p. 1081
URL: http://www.datal ab.uci.edu/papers/distributed_topic_modeling.pdf

Abbreviations

API: application program interface
E-cigarette: electronic cigarette
FDA: Food and Drug Administration
L DA: latent Dirichlet allocation

NL P: natural language processing
PG: propylene glycol

RDA: rebuildable dripping atomizer
RT: retweet

VG: vegetable glycerin

WTB: want to buy

http://www.jmir.org/2017/1/e24/ JMed Internet Res 2017 | vol. 19 | iss. 1 [e24 | p.100

(page number not for citation purposes)


http://dx.doi.org/10.1145/2740908.2743049
http://www.mdpi.com/resolver?pii=ijerph121114916
http://www.mdpi.com/resolver?pii=ijerph121114916
http://dx.doi.org/10.3390/ijerph121114916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26610541&dopt=Abstract
http://www.jmir.org/2013/4/e59/
http://dx.doi.org/10.2196/jmir.2324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23567935&dopt=Abstract
http://www.jmir.org/2015/9/e220/
http://dx.doi.org/10.2196/jmir.4517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26420469&dopt=Abstract
http://publichealth.jmir.org/2015/2/e11/
http://dx.doi.org/10.2196/publichealth.4777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27227129&dopt=Abstract
https://www.reddit.com/wiki/faq
http://www.webcitation.org/6g8JfRXDq
http://www.webcitation.org/6g8JfRXDq
https://www.juicedb.com/
http://www.webcitation.org/6g8JheDDJ
http://www.jmlr.org/papers/volume3/blei03a/blei03a.pdf
https://radimrehurek.com/gensim/lrec2010_final.pdf
http://dx.doi.org/10.1198/016214506000000302
https://www.linkedin.com/pulse/20140610083157-323109215-pg-vs-vg-all-things-you-should-know-about-e-liquid
https://www.linkedin.com/pulse/20140610083157-323109215-pg-vs-vg-all-things-you-should-know-about-e-liquid
http://www.webcitation.org/6g8JnZFJH
http://www.webcitation.org/6g8JnZFJH
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4078673&tool=pmcentrez&rendertype=abstract
http://dx.doi.org/10.1136/tobaccocontrol-2014-051670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24935895&dopt=Abstract
http://dx.doi.org/10.1093/ntr/ntr088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21571692&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7422752&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7172778&dopt=Abstract
http://eliassi.org/papers/henderson-sac09.pdf
http://www.datalab.uci.edu/papers/distributed_topic_modeling.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Zhan et a

WTS: want to sell
WTT: want to trade

Edited by G Eysenbach; submitted 20.03.16; peer-reviewed by R Hilscher, X Zheng; comments to author 06.07.16; revised version
received 14.08.16; accepted 23.11.16; published 20.01.17.

Please cite as:

ZhanY, LiuR, Li Q, Leischow SJ, Zeng DD

Identifying Topics for E-Cigarette User-Generated Contents: A Case Sudy From Multiple Social Media Platforms
J Med Internet Res 2017;19(1):e24

URL: http://www.jmir.org/2017/1/e24/

doi:10.2196/jmir.5780
PMID: 28108428

©Yongcheng Zhan, Ruoran Liu, Qiudan Li, Scott James Leischow, Daniel Dgjun Zeng. Originally published in the Journal of
Medical Internet Research (http://www.jmir.org), 20.01.2017. 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/, aswell asthis
copyright and license information must be included.

http://www.jmir.org/2017/1/e24/ JMed Internet Res 2017 | vol. 19 |iss. 1 [e24 | p.101
(page number not for citation purposes)

RenderX


http://www.jmir.org/2017/1/e24/
http://dx.doi.org/10.2196/jmir.5780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28108428&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Nordin et &

Original Paper

It's About Me: Patients’ Experiences of Patient Participation in the
Web Behavior Change Program for Activity in Combination With
Multimodal Pain Rehabilitation

Catharina Nordin®?, PhD; Peter Michaelson?, PhD; Margareta K Eriksson®?, PhD; Gunvor Gard?, PhD

1Department of Primary Health Care, Region Norrbotten, Pited, Sweden
2Department of Health Science, Division of Health and Rehabilitation, Lule& University of Technology, Luled, Sweden
3Department of Public Health, Region Norrbotten, Luled, Sweden

Corresponding Author:

Catharina Nordin, PhD

Department of Primary Health Care
Region Norrbotten

Pited halsocentral

Prastgardsgatan 40

Pited, 94132

Sweden

Phone: 46 702420906

Fax: 46 91168028

Email: catharina.nordin@norrbotten.se

Abstract

Background: Patients' participation in their health care is recognized as a key component in high-quality health care. Persons
with persistent pain are recommended treatments with a cognitive approach from a biopsychosocial explanation of pain, in which
apatient’s active participation in their rehabilitation isin focus. Web-based interventions for pain management have the potential
to increase patient participation by enabling persons to play a more active role in rehabilitation. However, little is known about
patients' experiences of patient participation in Web-based interventionsin clinical practice.

Objective: The objective of our study was to explore patients’ experiences of patient participation in a Web Behavior Change
Program for Activity (Web-BCPA) in combination with multimodal rehabilitation (MMR) among patients with persistent pain
in primary health care.

Methods: Qualitative interviews were conducted with 15 women and 4 men, with a mean age of 45 years. Data were analyzed
with qualitative content analysis.

Results: Onetheme, “It's about me,” and 4 categories, “ Take part in aflexible framework of own priority,” “Acquire knowledge
and insights,” “Ways toward change,” and “Personal and environmental conditions influencing participation,” were devel oped.
Patient participation was depicted as being confirmed in an individualized and structured rehabilitation framework of one’s own
choice. Being confirmed was fundamental to patient participation in the interaction with the Web-BCPA and with the health care
professionalsin MMR. To acquire knowledge and insights about pain and their life situation, through self-reflection in the solitary
work in the Web-BCPA and through feedback from the health care professionalsin MMR, was experienced as patient participation
by the participants. Patient participation was described as structured waysto reach their goals of behavior change, which included
analyzing resources and restrictions, problem solving, and evaluation. The individual’s emotional and cognitive resources and
restrictions, as well as health care professionals and significant others' attitudes and behavior influenced patient participation in
the rehabilitation. To some extent there were experiences of restrained patient participation through the great content of the
Web-BCPA.

Conclusions: Patient participation was satisfactory in the Web-BCPA in combination with MMR. The combined treatment was
experienced to increase patient participation in the rehabilitation. Being confirmed through self-identification and finding the
content of the Web-BCPA trustworthy was emphasized. Patient participation was experienced as a learning process leading to
new knowledge and insights. Higher user control regarding the timing of the Web-BCPA and therapist guidance of the content
may further increase patient participation in the combined treatment.
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Introduction

Patient participation is a complex and multifactorial concept,
and despite a large body of literature in the field, there is no
consensus about a unifying definition that describes the concept
[1-4]. To take part in or to be involved in one’s health care are
fundamental definitions of patient participation [1,2,4,5]. The
concept of patient participation may be applied to different areas
of patient health care, such as the attending of treatments,
decision making, and self-care [1,3,4]. In addition, there may
be different implications of patient participation depending on
the perspective in focus (patient, the health care organization,
society) [1-3]. In the clinical health care meeting, patient
participation can be described by the model of Patient-Centered
Medicine (PCM) that includes understanding the patient as a
whole person, acknowledging the patient’s expertise, shared
decison making, and developing an ongoing therapeutic
patient—health care professional relationship [6,7]. Health care
professionals' surrender of power and control to the patient has
been considered animportant aspect of patient participation [1].
Eldh et al [2] found that health care professionals had anarrower
description of patient participation than the patients. Patient
participation can influence treatment adherence and results, as
well as health outcomes [8-10].

Patients with persistent pain have reported negative patient
participation characterized by mistrust and dismissal from the
health care professionals regarding their pain [11-14]. In
contrast, patients with persistent pain in multimodal
rehabilitation (MMR) have described positive patient
participation built on mutual trust and respect in encounters
with their health care professionals [15,16]. MMR is a
recommended treatment for patients with persistent
muscul oskeletal pain [17-19]. It isbased on acognitive approach
and a biopsychosocial explanation of persistent pain, and
includes physical and psychosocia treatment components
[17,19-21]. Activity in daily life and work is one main goal of
MMR. The individual’s active participation in treatment
sessions, aswell asin setting goals, rehabilitation planning, and
decision making is emphasized [16,21,22]. However, patients
may have experiences of restrained patient participation in
decision making due to the knowledge gap between the patient
and the health care professionas, as well as the staff’'s
professional authority [1,6,7,15,23].

The entry of eHealth has had an impact on patient participation
by increased accessto health information, the extended delivery
of hedth care, and a shift of power to the patient [24,25].
Web-based interventions have the potential to increase patient
participation by enabling patients to play a more active rolein
their health care [25-28]. However, Web-based interventions
suffer from nonusage attrition and low adherence [29-31]. It
has been suggested that characteristics of the user, such as
motivation, symptom panorama, and education level influence
Web-adherence. In addition, Web-adherence is also related to

http://www.jmir.org/2017/1/e22/

the characteristics of the Web-based intervention, such as the
flexibility of the program and how it is connected to specific
personal needs of the user [30,31]. Altogether, there is a need
of further research to find out how patients experience their
participation in Web-based interventions [27,29].

In the county of Norrbotten, northern Sweden, the Web behavior
change program for activity (Web-BCPA) was developed to
propose an eHealth solution for a biopsychosocial treatment of
persistent musculoskeletal pain. The Web-BCPA is a modified
version of an existing Livanda Web-based program “ To manage
pain,” which had been devel oped in accordance with cognitive
behavior therapy principles and focused on the individual’s
active participation [32]. In cooperation with the founders of
Livanda, “To manage pain” was revised with the aim to fit
patients in an early stage of persistent pain. Altogether, the
Web-BCPA aimstoincrease participants physical and cognitive
activity in the rehabilitation and encourage activity in everyday
life and work, including physical activity and promoting
self-care [33]. There are a few studies that have reported on
patient participation in Web-based interventions [30,34], and
to our knowledge this is the first study of patient participation
combining a therapist guided treatment with a self-guided
Web-based intervention. Increased knowledge about what the
Web-BCPA could add to patient participation in MMR may
further illuminate the concept of patient participation in pain
rehabilitation. Thus, the aim of this study was to explore
patients experiences of patient participation in the Web-BCPA
in combination with MMR in primary health care.

Methods

Study Design

A quditativeinterview study was performed to obtain the variety
of patients experiences of patient participation in the Web
Behavior Change Program for Activity (Web-BCPA) in
combination with MMR and to generate further knowledge of
the topic [35,36]. The study was approved by the Regional
Ethical Review Board of Umed University, Sweden (Umu dnr
2011-383-31M).

Informants and Selection

Informants eligible for the interview study were persons that
participated in the randomized controlled trial (RCT) with the
aim to investigate effects of the Web-BCPA for persistent pain
in primary health care (NCT01475591), in the county of
Norrbotten, Northern Sweden. They had been included to the
RCT with thefollowing inclusion criteria: (1) aged between 18
and 63 years, (2) persistent muscul oskeletal pain with aduration
of at least three months in the back, neck, shoulder, and/or
generalized pain; (3) Orebro musculoskeletal pain screening
questionnaire (OMPSQ) score =90, screening for psychosocial
factorsthat indicates an estimated risk for long-lasting pain and
future disability [37]; (4) work ability of at least 25 percent; (5)
familiar with written and spoken Swedish; and (6) access to
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computer and Internet. Exclusion criteriawere reduced cognitive
ability or need of other health care. Additional inclusion criteria
to this interview study were that the informants had spent at
least 15 minutes per module in 5 of 8 modules in the
Web-BCPA.

The study was performed from April 2012 to October 2014.
Informants were consecutively included to the study intimefor
their 4-month follow-up of the RCT. Thirty-four persons were
identified and informed about the interview study, and 22
persons gave their oral consent to be contacted through
telephone calls by the interviewer for more details about the
study. Three persons declined participation and finally 19

Table 1. Informants' characteristics.

Nordin et al

informants gave their written consent to participate. These
included 15 women and 4 men, with mean age of 45 years. The
majority (18 out of 19) lived with aspouse or partner, and about
50% (9/19) of the informants had children in the household.
The informants educational level varied from elementary to
university education. Furthermore, 63% (12/19) of the
informants had permanent employment and 68% (13/19) were
working at least 25% of afull time job or searching for work.
The informants had musculoskeletal pain in the back, neck,
shoulder, and/or generalized pain for in average 7.5 years. They
rated mean pain intensity 67/100 on the visual analogue scale
and had a mean OMPSQ score of 130 (Table 1).

Characteristics

Mean (range) or n (%)

Agein years, mean (range)
Woman, n (%)

Married or cohabit, n (%)
Children in the household, n (%)

Education level® , n (%)
Elementary
Secondary
University
Working condition, n (%)
Permanent or self-employed
Temporary employment
Unemployed
Socia benefits
Workingb, n (%)
Pain duration in months, mean (range)
Pain intensity last 7 days’, mean (range)

OMPSQY, mean (range)

45 (27-60)
15 (79)

18 (95)

9 (47)

2(12)
12 (63)
5 (26)

12 (63)
3(16)
3(16)
1(5)

13 (68)

90 (5-156)
67 (45-90)

130 (90-158)

| ementary equals the first 9 years of education, secondary the following 3 years of education, and university represents all further education.
b\Norking at least 25% of afull time job or searching for work at time for baseline.

®The visual analogue scale. Score between 0 (no pain) to 100 (worst imaginable pain).

%The Orebro musculoskeletal pain screening questionnaire. Maximum score 210. A score =90 indicate a moderate estimated risk for long-lasting pain

and future disability, and =105 indicates a higher estimated risk.

Study Context

The informants received the Web-BCPA in combination with
MMR.

The Web-BCPA was a self-guided Web-based intervention for
pain management based on cognitive behavior therapy
principles. The Web-BCPA consisted of 8 modules: (1) pain,
(2) activity, (3) behavior, (4) stress and thoughts, (5) sleep and
negative thoughts, (6) communication and self-esteem, (7)
solutions, and (8) maintenance and progress. The modules
contained information, assignments, and exercises, assimilated
via educational texts, videos, and writing task. Assignments
were interactive with the user. The Web-BCPA was delivered

http://www.jmir.org/2017/1/e22/

to the informant 1 module per week during the first 8 weeks of
rehabilitation. The informants had access to the Web-BCPA
24/7 for 4 months. Administrative support in the Web-BCPA
was provided, but there was no therapi st guidance of the content.
The Web-BCPA in detail has been described in a previous
publication [33].

The informants spent 445 minutes (mean) in the Web-BCPA,
with arange of 88 to 841 minutes. In total, 68% (13/19) of the
informants had opened all 8 modules.

In the MMR, the patient and the team of health care
professionals had drawn up an individualized rehabilitation
plan. The rehabilitation plan included identification of the
patient’s resources and restrictions, formulation of goals,

JMed Internet Res 2017 | vol. 19 | iss. 1 [e22 | p.104
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

planning of treatments, and dates for follow-up. The treatments
were individual and/or in group sessions, and included for
example physical activity, activity planning, symptomatic
treatment, counseling, aswell as home exercises. Further details
about the MMR have previously been presented [33].

Each informant had between 7 and 36 (mean 18) treatment
sessions. The informants had treatments by an occupational
therapist (18 persons out of 19), physician (19 out of 19),
physiotherapist (18 out of 19), and psychosocial counselor (15
out of 19). Nine informants had completed the MMR, and 10
continued their rehabilitation at time for the interview.

Data Collection

Data was collected from qualitative interviews using a
semistructured interview guide with open-ended questions. The
interview began with an open question: “Please, tell me what
patient participationislikefor you?’ Theinformantswere then
asked to describe their experiences of patient participation in
the rehabilitation, the Web-BCPA combined with MMR. Each
informant was interviewed once by the first author, within 1
month after the 4 months follow-up of the RCT. Eleven
informants were interviewed at various health care centersin
the county of Norrbotten, 7 persons at aconference-room at the
county council building, and 1 person at home. The interviews
were digitally recorded using an mp3 recorder, and ranged 31
to 56 (median value 48) minutes.

Data Analysis

Data was analyzed using qualitative content analysis inspired
by Graneheim and Lundman [38]. Content analysis is a
systematic way to analyze the content in atext and qualitative
content analysis includes latent interpretation of texts, which
has been proven useful in many fields of research, for example
health care sciences[38,39]. Theresearcher’ sknowledge of the
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context of the study isimportant in the selection of informants,
data collection, and data analysis [38].

First, the verbatim transcribed interviews were read several
timesto get an overall sense of the content. Then meaning units
(words or sentencesthat are related to each other through their
content and context) that answered to the aim of the study were
marked. To shorten the text, the meaning units were condensed
and labeled with a code. The codes were kept close to the text
to keep the manifest expression of the text. The analysis was
then copied into the freeware computer program Open Code
[40].

Next step was to compare and compile the codes according to
similarities and differences to create preliminary categories on
a further abstraction level. The preliminary categories were
compared againgt all datato construct definite categories, which
were internally homogeneous and externally heterogeneous
[38,41] A theme, which expressed the latent content, a thread
of underlying meaning through the categories, devel oped during
the analysis [38]. All authors participated in al steps of the
analysis.

Results

Overview of Theme and Categories

The analysis of the informants experiences of patient
participation in the Web-BCPA in combination with MMR
resulted in 1 theme “It's about me”, and 4 categories: “Take
part in a flexible framework of own priority,” “Acquire
knowledgeand insights,” “Waystoward change,” and “ Personal
and environmental conditions influencing participation”
(Textbox 1). The theme and categories are described in the
following section, together with quotes from the informants.

Textbox 1. Results of the qualitative content analysis of informants’ experiences of patient participation in the Web Behavior Change Program for
Activity (Web-BCPA) in combination with multimodal rehabilitation (MMR), presented with theme and categories.

Theme:

. It's about me

Category:

«  Takepartinaflexible framework of own priority
« Acquire knowledge and insights

«  Waystoward change

«  Personal and environmental conditions influencing participation

It's About Me

The theme “It's about me” depicted patient participation as
being confirmed in an available, flexible, and individualized
framework of own choice. Informants experiences of being
confirmed ran through all 4 categories and were expressed as
patient participation in the interaction with the Web-BCPA and
with the health care professionals in MMR. Being confirmed
as a patient and as a person in one's own team with many
treatment options was experienced as a tailored rehabilitation.
Though, the freedom of choice in the Web-BCPA entailed
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perceptions of restrained patient participation for some
informants. A single situation of mistrust and disrespect with a
health care professional in the MMR restrained patient
participation but did not affect the overall perceptions of patient
participation in the rehabilitation.

...itwas obviousthat it (the rehabilitation) was about
me, it wasn’'t about just anyone...it was about my
problems, my strengths and how | felt...they (the
health care professionals) started from a blank page,
| was not fitted into an average template of how it
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ought to be...it (the rehabilitation) started with my
point of view... [Interview 4, woman|

To acquire knowledge and insights were thought of as patient
participation, and included self-reflection, self-identification,
and feedback. Informants experienced that being able to identify
themselves with the content in the rehabilitation and finding it
trustworthy were important to patient participation and being
confirmed. Patient participation was described as their own
process toward behavior change. Informants' emotiona and
cognitive resources and restrictions, as well as hedlth care
professionals’ attitudes and behavior were important to patient
participation.

Take Part in a Flexible Framework of Own Priority

Within the category “ Take part in a flexible framework of own
priority,” patient participation was understood as taking part in
a structured and flexible rehabilitation concept with
opportunitiesto influence and avariety of treatmentsto choose
according to one's own needs and priorities.

..previously | had read about CBT (Cognitive
Behavioral Therapy), but | had never thought of it as
a help for my condition... | want to compare this
rehabilitation with a smorgasbord from which is it
easy to taste... [Interview 14, woman]

Informants had experiences of patient participation in the
solitary work in the Web-BCPA that included logging in,
reading the texts, working with the assignments, and performing
the exercises. Patient participation was emphasized by having
access to the Web-BCPA on computer or tablet at all hoursand
locations. The opportunitiesto work in the Web-BCPA at home
were experienced to provide continuity in the rehabilitation.

...thanks to the program (the Web-BCPA) | was able
to performthe basic body awareness exercises of my
own choice...and to repeat those that | felt most
effectiveasmany timesthat | preferred...theflexibility
made it mine (the rehabilitation)... [Interview 4,
woman]

Although, some informants perceived restrained patient
participation by the fact that they were not able to choose the
starting time of the Web-BCPA course themselves (dueto study
protocol), as well as not being able to select a faster
advancement in the program by themselves. Higher patient
participation through participatory design of the content in
Web-based interventions was suggested. Some informants
experienced difficulties to choose area of interest in the
Web-BCPA and that it became aburden to complete. In contrast,
informants reported that they were supported by the health care
professionals, including the rehabilitation coordinator, to make
those choicesin the MMR.

Patient participation was experienced as being part of one's
team with access to face-to-face meetings with health care
professional s and avail able examinations and treatmentsthrough
flexibility in treatment hours and timing. To simultaneously
meet all health care professionals and significant others in
dialogue and co-operation at team-conference meetings was
emphasized. Also, the reasoning process between the health
care professionals, and health care professionals reading and
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documenting in the patient records were perceived as patient
participation.

...they (the health care professionals) were sensitive
to understand measa person...all of them...I felt very
much involved when | met all health care
professionals at the same time than when | met each
at separate occasions..our decisions about the
rehabilitation were mutual... [Interview 10, woman)]

Restrained patient participation was reported by theinformants
when a hedth care professional included in the patient’s
rehabilitation but with clinical practice outside of the health
care center did not attend the team-conference meeting. For
example aphysiotherapist of the private health care sector. Some
informants experienced restrained patient participation when
health care professionals decided to withdraw treatment with
reference to that a patient’s symptoms were not severe enough.

Some informants thought of the rehabilitation concept similar
to have awork or bein school, since participating entailed own
efforts, to have something to contribute with and feeling
satisfied. To some informants taking part in the Web-BCPA
and theMMR was anintegrated rehabilitation. Othersdescribed
the Web-BCPA and the MMR as 2 paralel rehabilitations,
which could entail different agenda.

Acquire Knowledge and I nsights

In the category “Acquire knowledge and insights,” patient
participation was experienced as an interactive learning process
toward knowledge and insights. Informants reported that gained
knowledge and insights from working in the Web-BCPA
strengthened their self-confidence and increased patient
participation in the dialogue with health care professionals.

...my own thinking about my situation was confirmed
by the content in the web-program (\Web-BCPA)...this
made me feel safe to share those thoughts (with the
health care professionals) to acquire new knowledge
that | can use in meetings with people that are
involved in my rehabilitation...I was equipped with
putting words on my thinking... [ Interview 14, woman]

...do you mean that it was easier to ask questions (to
the health care professionals)? [Interview 14,
interviewer]

...yes...to be involved in my rehabilitation is much
about me...to be confirmed by the content in the
Web-program made me more powerful in meeting
them (the health care professionals)... [Interview 14,
woman]

Patient participation was experienced by theinformantsas being
able to identify themselves through the information and
explanations about pain and symptoms, treatments, and advices
given by the Web-BCPA content and the hedth care
professionals. Self-identification was experienced to help
informants to choose or exclude activities in the Web-BCPA.
The informants found that there was a comparable message in
the Web-BCPA and the MMR, and that “it was like made for
them,” whichincreased trustworthiness and deepened knowledge
and insights. Self-reflection and rehearsal was emphasized in
the solitary work at a self-chosen work pacein the Web-BCPA,
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and experienced by theinformantsto favor learning and patient
participation. Informants perceived that self-reflection was
present to some extent in the contacts with health care
professionals.

...working by myself in the Web-program made me
reflect more and gave me insights, which | certainly
passed on (to the teammembers)..at the
team-conference meetings there were more reasoning
than reflection... [Interview 1, woman]

Some informants described that new knowledge from the
Web-BCPA developed into applied knowledge through feedback
from a health care professional in the MMR. A continuous
exchange of feed-back with health care professionals was
emphasized in patient participation and in learning.

Ways Toward Change

“Waystoward change” represented the informants’ experiences
of patient participation in the Web-BCPA and MMR as ways
to change one’s behavior. The informants’ experienced patient
participation when they analyzed their situation taken into
account their resources and restrictions, set goals for behavior
change, and planned treatments and activities. Also, patient
participation was stated when treatments, self-care, and planning
were followed-up and evaluated. Awareness of improvements
and goal attainment was perceived to favor patient participation
and to motivate them to further actions for change. The
informants stated that a written goal to strive for in the
rehabilitation assured the change progress and patient
participation. To adjust agoal or treatment planning in relation
to progress or setback was described as patient participation.

...| fedl it isimportant to set goals and to follow-up
those goals...and to understand why a goal isreached
and why another is not...this made me aware of that
| needed other tools (in the rehabilitation)...
[Interview 14, woman]

Informants described that they guided themselvesin their ways
toward change in the Web-BCPA and that problem solving was
emphasized. Some informants experienced restrained patient
participation through difficulties to come up with a problem
area. Patient participation was reported when informants
monitored results shown by the interactive graphs in the
Web-BCPA.

...days when | had a lot of pain | used to remain
sedentary, and as soon as | had a better day | was
eager to do all kinds of activities that day...before |
started the assignment activity planning (in the
Web-BCPA) | was not aware of how my behavior
related to the days with pain, but by monitoring this
over time | started to plan my daily activities in a
more balanced way... [Interview 11, woman)]

In the MMR, informants experienced that drawing up a
rehabilitation plan in mutual agreement with heath care
professionals was ways to behavior change. Some informants
emphasized patient participation as having their own choiceto
play an active role in rehabilitation planning by contributing a
lot in decison-making with own preferences and own
suggestions. Others experienced patient participation as having

http://www.jmir.org/2017/1/e22/

Nordin et al

a choice to play a more passive role by responding to and
considering the health care professionals opinions. A
devel opment to play amore activerolein rehabilitation planning
with time was reported. There were reports that patient
participation and the change process benefited from choosing
the same problem area in the Web-BCPA and in the MMR.
Someinformants experienced that the change process proceeded
through new behavior and motivation even though they had
completed their rehabilitation.

Personal and Environmental Conditions I nfluencing
Participation

Informants talked about various conditions related to the
rehabilitation framework that influenced patient participation
in the rehabilitation. They described emotions and cognitions
that affected patient participation. Having motivation, interest,
commitment, and self-confidence were perceived to favor patient
participation. In addition, someinformants stated that their work
experience, such as having a sol ution-focused work, or to enjoy
working at the computer, facilitated patient participation in the
rehabilitation.

...| feel that one has to be motivated to participatein
the course (the Web-BCPA) since it requires that |
set aside time to log in to the program several times
aday...it takestimeto read all the texts and to do the
assignments... [Interview 13, woman)]

Pain, fatigue, and other psychol ogical symptomswere perceived
tolimit patient participation. Someinformants experienced that
having such symptoms restrained participation more in the
Web-BCPA than in the MMR. On the other hand, informants
described that the Web-BCPA provided opportunities to
rehabilitation during periods with severe symptoms without
having to be present at the health care center. In addition,
perceiving lack of knowledge in medical issues and treatments
was experienced to restrain patient participation.

Previous experiences of apositive therapeutic relationship with
ahealth care professional in the team were perceived to facilitate
patient participation in the MMR. Awareness of a health care
professional’s stressful work situation and limited health care
resources were stated by the informants to restrain patient
participation. Support, trust and respect from afamily member,
employer, the Swedish Social Insurance Agency (SSIA) or the
Employment Service were experienced to facilitate patient
participation in the rehabilitation. Someinformants experienced
that demands on return to work of the SSIA entailed stress and
fatigue and restrained patient participation and caused setbacks
in the rehabilitation.

..l planned to complete the program (the
Web-BCPA)...I am not sure how much | had
left...probably the last module...but 1 was denied
sick-leave compensation by the Social Insurance
Agency and had to put in a lot of energy to explain
my dSituation and meet with the psychosocial
counselor...l did not have the strength to do anything
else...| have used so much energy to fight for my
cause... [Interview 8, man]
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Discussion

Principal Findings

Patient participation in the Web-BCPA in combination with
MMR was explored in this study. All informants had
experiences of satisfying patient participation. The
comprehensive theme “It's about me” revealed patient
participation as an individualized and empowered interaction
with the Web-BCPA and with health care professionals within
the MMR, a rehabilitation the informants perceived as their
own. Our findings showed that informants’ perceptions of being
confirmed were fundamental to patient participation. The
importance of being confirmed in the patient-health care
interaction has previous been reported [ 14,15,42,43]. However,
findings that informants experienced being confirmed through
the solitary work in the Web-BCPA implicate new knowledge
to patient participation. They described that they were confirmed
when they could identify their illness experience and life
situation, as well as their own thoughts and cognitions about
their pain condition, in the texts and the assignments of the
Web-BCPA. There were many implicationsto being confirmed
and the informants perceived this fundamental to other
experiences of patient participation in the rehabilitation, such
as the gain of knowledge and insights, and behavior changes.
In addition, perceptions of being confirmed entailed the
informants experiences of a trustworthy and comparable
message in the Web-BCPA and in the MMR.

The informants described that gained knowledge and insights
from the Web-BCPA increased their self-confidence and
empowered them in the dialogue with health care professionals.
Previous research has showed that patients wish to play amore
active role in decision making in their MMR but the lack of
knowledge in medical issues and treatment options restrained
them [15]. To narrow the knowledge gap between the patient
and the health care professional has been reported as an
important factor to increase patient participation and to improve
the cooperation [1,2]. Our findingsindicate that the Web-BCPA
can be auseful tool in narrowing the knowledge gap.

Acquiring knowledge and insights was both experienced as
patient participation and described as meansto increase patient
participation. The informants perceived that the solitary work
in the Web-BCPA had an important role to acquire knowledge
and insights by providing opportunities for self-reflection and
rehearsal. Such internal cognitive processes are known to
reinforce and modify learning [44,45]. In contrast, the
informants reported less self-reflection in the MMR. On the
other hand, informants emphasized the feedback in meetings
with health care professionalsin MMR, which was experienced
to facilitate applied knowledge. Feedback from health care
professional s has been shown to support an individua's behavior
change [45-47]. Some informants made a clear statement that
patient participation in the MMR was the effective treatment
inthe rehabilitation for behavior change. Other informants gave
exampl es of successful problem solving in the Web-BCPA that
led to behavior change. This is in line with participants
experiences of behavior change as increased engagement in
physical and socia activity after taking part in a Web-based
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intervention with mindfulness-based cognitive therapy aimed
to reduce depressive symptoms [48].

An overall interpretation of our data that we find interesting to
discuss and which may inspire to further research regarding
patient participation, was a distinction between “taking part”
and “participating” in the rehabilitation. Some informants
described patient participation as having attended meetingswith
health care professionals and having had treatments, more on
an operational level of adherence, without further reflections
on the emotional or cognitive processes that may be involved
in patient participation. In contrast, other informants’ talked a
lot about their emotional and cognitive experiences in relation
to patient participation, such as feelings, reflections, and
appraisal. These various perceptions of patient participation
could be important not only to patients experiences of patient
participation, but also to treatment adherence and outcomes.
Some informants that reported on having reached a goal or
having been successful in behavior change, talked about thisin
relation to emotional and cognitive processes, such as awareness
and insights. Inlinewith Herlitz et al [47], emotional feedback
from health care professional s to enhance a patient’s emotional
and cognitive relation to their rehabilitation, may be important
to ensure adherence and positive outcomes. It may not be
sufficient to only attend the treatments.

The informants experiences of patient participation in the
Web-BCPA in combination with the MMR had much in
common with PCM [7,49,50], which is considered to be a key
element of high-quality health care [51,52]. Informants
perceived the combined treatment as a personalized and
customized rehabilitation. Lyden et a [53] found similar
consistency with the PCM model among participants in a
Web-based intervention designed to promote weight loss through
healthy eating and physical activity. The participants reported
the Web-based intervention asindividualized with opportunities
to make their own decisions [53]. Furthermore, our findings
may add to the PCM model that an individual’s learning process
and the acquiring of knowledge and insights might need to be
included in the model. It may not be sufficient to acknowledge
apatient’s present expertise of their illness experience and their
life situation. By increasing knowledge and insights about pain
and cognitive skill processes, patient participation in the
rehabilitation can improve.

Strengthsand Limitations

Weincluded women and men of various ages and from different
health care centers in the county of Norrbotten, to collect a
variety of experiences which may have increased credibility.
The informants experiences of patient participation in the
Web-BCPA in combination with the MMR were based on the
interaction with the Web-BCPA, as well as team-conference
meetings and individual meetings with nurses, occupational
therapists, physicians, physiotherapists, psychologists,
psychosocial counselors, and rehabilitation coordinators. One
limitation with the selection of participants was that patients
that had spent less time in the Web-BCPA were excluded from
this study, which may have positively influenced the results.
However, the objective of this study was to explore patients
experiences of patient participation in the Web-BCPA, and
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therefore we decided that to have such experiences, the
participant needed to have had the chance to assimilate some
of the content of the Web-BCPA. We set alower limit of time
spent in the Web-BCPA to 75 minutes, and that the informants
should have opened 5 modules out of 8.

To increase the credibility of the findings, al authors
participated in the data analysis, which was performed with
care. All researchers had a professional background in
physiotherapy and 1 was also a psychologist, which may have
influenced the analysis. Meaning units and codes were kept
closeto thetext, which may have reduced the risk of misleading
interpretations. During analysis, all authors reflected on and
discussed codes, categories, and theme until consensus was
obtained. Our results are 1 possible description of patient
participation in the Web-BCPA in combination with the MMR.
The 4 categories are not totaly exclusive as the theme ran
through all categories, and it is not always obvious when an
experience belongs to 1 category or another since human
experiences are intertwined [38].

Datawas collected by performing interviews consecutively over
thewhole RCT time period of 2 years. Thismay imply both an
advantage and adisadvantage. The advantageisthat experiences
of patient participation were captured as the project devel oped
at the health care centers. The disadvantage is the risk of
inconsistency when data collection extends over time, and the
interviewer may acquire new insightswith time[38]. Toincrease
dependability, an interview guide was used which gave all
informants the same opportunities to contribute with their
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experiences. The interviews were rich and contained detailed
descriptions of experiences of positive and negative patient
participation.

We consider that part of our results may be transferable to
patients with persistent pain in comparable multimodal
rehabilitation in primary health care, as well as to other team
rehabilitation using a cognitive approach. There is a limited
transferability of our resultsto patients’ interaction with similar
self-guided Web-based interventions since the treatment was
given in combination with MMR.

Conclusions

Patient participation in the Web-BCPA in combination with
MMR was experienced as persona confirmation “It is about
me,” where it was possible to take part in a rehabilitation
framework of one's own priority and have the opportunity to
influence. Being confirmed was emphasized in the interaction
with the Web-BCPA and with health care professionals in the
MMR. Patient participation was to acquire knowledge and
insights and to find waysto behavior change. In the Web-BCPA,
the solitary work and self-reflection were stated as patient
participation. Dialogue and feed-back from health care
professionals were emphasized in the MMR. The combined
treatment was experienced to increase patient participation in
the rehabilitation. Although, not being able to fully control the
administration of the Web-BCPA, aswell as having difficulties
to choose from its content, were experienced to restrain patient
participation.
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Abstract

Background: With online health information becoming increasingly popular among patients, concerns have been raised about
theimpact of patients’ Internet health information-seeking behavior on their relationship with physicians. Therefore, it is pertinent
to understand the influence of online health information on the patient-physician relationship.

Objective: Our objective was to systematically review existing research on patients' Internet health information seeking and
its influence on the patient-physician relationship.

Methods: We systematically searched PubMed and key medical informatics, information systems, and communication science
journals covering the period of 2000 to 2015. Empirical articles that were in English were included. We analyzed the content
covering themesin 2 broad categories: factors affecting patients’ discussion of onlinefindings during consultations and implications
for the patient-physician relationship.

Results: Weidentified 18 articlesthat met the inclusion criteriaand the quality requirement for the review. The articlesrevealed
barriers, facilitators, and demographic factorsthat influence patients’ disclosure of online health information during consultations
and the different mechanisms patients use to reveal these findings. Our review also showed the mechanisms in which online
information could influence patients’ relationship with their physicians.

Conclusions: Results of this review contribute to the understanding of the patient-physician relationship of Internet-informed
patients. Our main findings show that I nternet health information seeking can improve the patient-physician relationship depending
on whether the patient discusses the information with the physician and on their prior relationship. As patients have better access
to health information through the Internet and expect to be more engaged in health decision making, traditional models of the
patient-provider relationship and communication strategies must be revisited to adapt to this changing demographic.

(J Med Internet Res 2017;19(1):€9) doi:10.2196/jmir.5729

KEYWORDS
Internet; information seeking; physician-patient relations; health information

comfortable with using the Internet for their information needs
[1]. In hedlth care, the rapid proliferation of health information
on the Internet has resulted in more patients turning to the
Internet as their first source of hedlth information [2-4] and

Introduction

As the Internet becomes a ubiquitous part of individuals
information lives, most people have accessto and are becoming
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acquiring knowledge on their health conditions before seeking
aprofessional diagnosis. Patients are feeling more empowered
[5,6] and are more inclined toward being involved in their health
and health decision making [7]. This may thus change the way
in which patients interact with and participate in consultations
with their physicians and how they feel about their relationship
with their physicians.

Notwithstanding the potential benefits of Internet health
information seeking, some concerns have been raised about the
plausible negative effects of Internet health information seeking
on patients. First, as online health information content can range
from being peer reviewed or professionally reviewed to personal
blogs, opinions, or anecdotes of other patients, information
quality can vary, and patients may not possess the necessary
skillsto evaluate medical information and relateit to their own
health circumstances [8-10]. As a conseguence, online
information can lead to patients being misinformed, lead to
distress, and increase the tendency toward self-diagnosis or
self-treatment [9]. Internet-informed patients may have more
guestions and may request additional treatments or medications
during consultations [11]. Hence, online information can add a
new interpretive role to physicians' responsihilities during
consultations [12,13]. Second, when patients' online findings
do not align with physicians' diagnosis or treatments, concerns
have been raised as to how a patient’s appointment satisfaction
and trust in the physician would be affected [2,8,14] and how
conflicts or even arguments could occur between the physician
and patient [12]. This may then result in dissatisfied patients
who may seek a second opinion, change the physician, change
their treatment plan [15], or self-medicate using
recommendations found on the Internet [16].

Aspatients Internet health information seeking becomes more
pervasive, the expectations and needs of Internet-informed
patientsin their interactions with their physicians are expected
to change. Thus, it is pertinent to have a comprehensive
understanding of the influence of online health information on
the patient-physician rel ationship. To the best of our knowledge,
no review has synthesized and analyzed how patients’ Internet
health information seeking affects the patient-physician
relationship. The closest reviews we have found are by
McMullan [17] and Wald et a [18]. McMullan [17] examined
physicians' reactions to online information and identified 3
possibilities: (1) physicians could feel threatened by the
information and respond defensively by asserting their “ expert
opinion,” (2) physicians and patients could collaborate in
obtaining and analyzing the information, and (3) physicians
could guide patients to reliable health information websites.
Wald et al [18] reviewed the past literature to identify the
advantages and disadvantages of Internet-acquired information,
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and the challenges to providing guidelines to hedth care
providers for effective interaction with Internet-informed
patients.

The focus of this review was to systematically review and
synthesize the existing research on Internet health
information-seeking behavior and its impact on the
patient-physician relationship to give implications for future
research and practice. Specifically, our review sought to
understand how and in what ways the Internet information
search behavior of patients prior to consultations would affect
doctor-patient encounters and patients' relationships with their
doctors. Our research question was “How and in what ways
does patients Internet health information-seeking behavior
influence the patient-physician relationship?’

Methods

Search Procedure

We systematically searched PubMed to identify articles and
citations from January 1, 2000 to October 1, 2015. We aso
searched articles from key medical informatics journals and
information systemsjournals (Journal of the American Medical
Informatics Association, International Journal of Medical
Informatics, Journal of Medical Internet Research, Journal of
Health Communication, Information Systems Research,
Management Information Systems Quarterly, and Journal of
the Association for Information Science and Technology) to
include additional relevant studies.

The search strategy included all possible combinations of
keywords under 3 broad themes: (1) online OR Internet OR
Web, (2) wellness information OR health information, (3)
search* OR seek*. Further, we used the Medical Subject
Headings (MeSH) “ patient-physician relations’ and “Internet”
to perform a separate search in PubMed. PubMed searches
yielded 3872 records, while journal searches yielded 452
records. We removed duplicate articles and screened the
remaining articlesin 2 stages. Thefirst stageinvolved screening
titles and abstracts to identify and exclude irrelevant articles.
The remaining articles were then subjected to asecond stage of
screening of their main content. Figure 1 depictstheflow of the
article selection procedure.

We included articles that were in English and were empirical
studies focused on the Internet health information-seeking
behavior of hedth care consumers and aspects of the
patient-physician relationship. We excluded nonempirical
articles, which included review articles, content assessment
studies of websites, and research commentaries.
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Figure 1. Search procedure for empirical studies on Internet-informed patients’ relationship with their physicians.
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Analysis Procedure

We conducted this systematic review to analyze published
empirical studies on Internet-informed patients' relationship
with their physicians. The 19 articles selected werefirst assessed
for research quality, and 2 researchersindependently performed
the quality assessment. We assessed intercoder consistency at
the end. As the selected articles were mainly empirical
cross-sectional studies, we used quality assessment tools that
were able to assess the methodological quality, findings, and
contribution of the research articles. We evaluated qualitative
studies using the Critical Appraisal Skills Programme quality
assessment tool [19], which consists of 10 questionsthat assess
the quality of the research methodology and the contribution of
the qualitative studies. We assessed quantitative studies using
a customized coding scheme that consists of 14 questions
adapted from 3 well-established quality assessment tools used
for quantitative studies (US National Heart, Lung, and Blood
Institute quality assessment tool for observational, cohort, and
cross-sectional studies [20], and quality assessment criteria
proposed by Young and Solomon [21] and Davids and Roman
[22]). Multimedia Appendices 1 and 2 present the 2 quality
assessment tools used in thisreview. We assessed the intercoder
consistency to determinetheinclusion of articlesfor thereview.
All articles met the quality rating except for 1 article (therating
was <0.7 after the agreement of both researchers), which we
thus removed from the final analysis.

The remaining 18 articles were then manually coded by 2
researchers based on preidentified themes. (1) patients

http://www.jmir.org/2017/1/e9/

Excluded articles

228 — Focus is only on online health
1 | information seeking

i | 30— Internet is just one source of
i | information

I | 16 —Not empirical

! 11 — Not active online information
1 | seeking

i | 5—Full article not available
i | 3 —Notin English

bl 2- Postconsultation information
! seeking

1 | 2 —Professionals’ information

1 | seeking

1

1

discussion of online information during consultation, and (2)
implications for the patient-physician relationship. During the
coding process, both researchers independently identified
subthemes and then added them to the existing themes upon
agreement. Any disagreements were discussed and resolved
before the final subthemes were confirmed. The first category
included themes related to characteristics of doctor-patient
consultations that led patients to reveal their online findings
during visits with their doctor, such as strategies for using and
revealing online information, facilitators of and barriers to
discussion of online findings during consultations, and
demographic factors affecting the discussion of online
information. The second category, implications for the
patient-physician relationship, focused on the influence of the
patients' Internet research on their relationship with the doctor,
and include subthemes such as patients’ perception of apositive
or negative impact on the patient-physician relationship,
patients’ sense of control, confidence, and empowerment during
the consultation, patients’ perceived consultation effectiveness,
and patient satisfaction.

Results

Characteristics of Included Articles

Our initial PubMed and journal search returned over 4000 titles
and citations. By applying the inclusion and exclusion criteria,
we identified 744 records for further screening based on the
title and abstract. Of these, we retained 316 articles for content
screening, and then selected 19 peer reviewed journal articles
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that met the review criteria. Of the rejected articles, 228 focused
on patients' Internet health information seeking but did not
address patient-physician relationship aspects. In 30 articles,
the Internet was not the primary source of information. Of the
remaining articles, 16 were not empirical studies, 11 were not
about active information seeking, 5 were not available in
full-text version, 3 were not in English, 2 focused only on
postconsultation information seeking, and 2 focused on
professional information seeking. Finally, we excluded 1 article
among the 19 during the quality assessment procedure, leaving

Tan & Goonawardene

only 18 articles for the review. Of these 18 articles, 7 used
surveysto gather data, 6 used interviews, 3 used semistructured
interviews, and 2 used a mixed-methods approach. All articles
were published within the period of 2003 to 2015 (see Table 1
and Table 2 for the complete list of articles and summaries)
[3,4,7,12,15,23-35].

Of the 18 articles, 6 focused primarily on the implications for
the patient-physician relationship, 2 studied the discussion of
online information with physicians, and the rest studied both

themes.

Table 1. Summary of articles on Internet-informed patients’ relationship with their physicians.

Study Method Country Participant characteristics Number of participants
Stevenson, 2007 Focus group inter- UK Adult patients with diabetes mellitus, ischemic 34 patients (12 female, 22 male)
[3] views heart disease or hepatitis C
Kivits, 2006 [4] Email interviews UK Usersof UK websitesdevoted to healthy eating, 31 (28 female, 3 male)
fitness, and general health
Broom, 2005 [7] Interviews Australia Prostate cancer patients 33 male
Sommerhal der, Semistructured inter-  Switzerland  Patients and physicians from primary careand 32 patients (12 female, 20 male) and 20
2009 [12] views medical specialist practices physicians (4 female, 16 male)
Murray, 2003 [15]  Telephone survey us Residents aged >18 years 3209 (1757 female, 1452 male)
Sillence, 2007[23] Observationandinter- UK Women faced with decisions concerning the 15 female
views menopause and hormone replacement therapy
Chung, 2013[24]  Survey us Participants in the Health Information National 5078 (3141 female, 1934 male)
Trends Survey (HINTS) 2007
Silver, 2015 [25] Semistructured inter-  Canada Community dwelling, =50 year, fluent in En- 56 (30 female, 16 male)
views glish, resident in Toronto, regular user of online
health information
Hart, 2004 [26] Interviews UK Patients who had contacted health servicesin 47 (32 female, 15 male)
relation to hormone replacement therapy or
menopause and Viagra or erectile dysfunction
Schrank, 2010[27] Semistructured inter-  Vienna Patients with schizophrenia or schizoaffective 26 (12 female, 14 male)
views disorder
Hay, 2008 [28] Interviews and sur- us Rheumatology patients 120 (92 female, 28 male)
veys
Newnham, 2006  Survey Australia Oncology patients just diagnosed with cancer 109 (44 female, 49 male)
[29]
Chiu, 2011 [30] Focus group inter- Taiwan Cancer patients 46 (28 female, 18 male)
views
Russ, 2011 [31] Survey Israel Patients at 10 primary care clinics 138 (82 female, 53 male)
Ybarra, 2008 [32] Telephone survey us Participantsin the national survey Surveyingthe 2010 (1214 female, 796 male)
Digital Future, Year 4
AlGhamdi, 2012 Survey Saudi Arabia Patients at an outpatient clinic 801 (398 female, 400 male, 3 missing
[33] data)
Bianco, 2013 [34]  Survey Italy Adults aged 218 years 1039 (704 female, 335 male)
Xie, 2009 [35] Interviews us Older adults, aged =60 years 20 (11 femae, 9 male)
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Table 2. Summary of findings of the articles.
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Study

Themes

Discussion of online information with physicians

Implications for the patient-physician relationship

Stevenson, 2007 [3]

Kivits, 2006 [4]

Broom, 2005 [7]

Sommerhalder, 2009
[12]

Murray, 2003 [15]

Barriersto discussion of online information:

Patients experienced resistance from doctors over bringing
information, even about their day-to-day health management,
into the consultation.

Facilitators of discussion of online information:

Some patients reported that doctors positively encouraged
them to search for information on the I nternet. They alsofelt
that I nternet information should be checked with physicians.

Strategies for using and revealing online information:

During consultations, patients preferred to be silent, asking
questions and discussing information based on their Internet
search, but not revealing that they used the Internet.

Barriersto discussion of online information:

Patients might feel being disapproved of by the physician if
they shared their Internet search.

Some physicians discouraged patients asking questionsfrom
their Internet research, giving them the impression that they
were disapproved of or being treated as problematic patients.

Strategies for using and revealing online information:

Patients used several different strategies to introduce infor-
mation found on the Internet to their physicians: ask addition-
a questions; suggest specific diagnoses, diagnostics, or
treatments, without directly revealing where they found the
information; bring printouts of Internet search resultsinto
consultations; silently verify doctor’s advice against their
onlinefindings; actively avoid talking about the onlineinfor-
mation findings.

Barriersto discussion of online information:

Patients did not discuss their online findings due to lack of
time during consultations, or reluctance to interfere with the
consultation process.

Demographic factors:

Those who brought information to the consultation tended
to have a higher self-rated ability to critically appraise health
information on the Internet and their health status.

Quality of the patient-physician relationship:
Patients saw the Internet as an additional resource to support
doctors’' advice and enhance the relationship with their doctor.

Patients' sense of control, confidence, and empower ment:

By discussing information they accessed on the Internet or set-
ting questions in advance, patients mentioned being able to
better understand and participate in consultation sessions with
their doctors. Patients were also better informed, as they used
the knowledge gained from Internet searches to check and
completetheinformation received from doctors. Although most
patientsfelt that physicianswould feel challenged if the patients
discussed information they found on the Internet, those who
discussed the information said they had received positive atten-
tion.

Patients' sense of control, confidence, and empower ment:

Internet search provided clarity in terms of treatments options
and, asaresult, diminished patients reliance on their specialists.
Further, Internet search behavior led patients to experience a
heightened sense of control and therefore enter into a compre-
hensive negotiation with their specialist. However, patients’
sense of empowerment depended on how receptive providers
and specialists were to their desire to take part in the decision-
making process.

Patients’ perceived consultation effectiveness:

Patients viewed the consultation asimportant to their understand-
ing of online health information. Physicians recognized the
changein their role. Patients were more knowledgeabl e, which
made initiating an interaction on health-related issues easier
and enabled discussion on amore elaborate level; discussing
with physician gave patients grester clarity, orientation, and
certainty.

Quality of the patient-physician relationship:

Bringing up onlineinformation during consultations al so result-
ed in conflicts with patients, and some patients ignored their
physicians expertise.

Patients’ sense of control, confidence, and empower ment:

Most felt morein control and more confident during the consul-
tation as aresult of bringing information to their physician.
Quality of the patient-physician relationship:

Theeffect of taking information to the physician on the patient-
physician relationship was likely to be positive as long as the
physician had adegquate communication skillsand did not appear
challenged by the patient bringing in information.

Patients’ who felt their physicians were challenged tended to
be uninsured patients, and those who described themselves as
excellent or very good at critically appraising information on
the Internet.

http://www.jmir.org/2017/1/e9/
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Study

Themes

Discussion of online information with physicians

Implications for the patient-physician relationship

Sillence, 2007 [23]

Chung, 2013 [24]

Silver, 2015 [25]

Hart, 2004 [26]

Schrank, 2010 [27]

Hay, 2008 [28]

Not available.

Demographic factors:

Men were more likely than women to have a conversation

regarding online information with physicians.

Patients who had trouble understanding or trusting online

health information were no more likely to ask questions or
seek guidance during consultations.

Reactions of physiciansto onlineinformation were perceived
as negative by patients who experienced poor health and
those who had more concerns about the quality of their
searched information.

Barriersto discussion of online information:

Patients had not discussed or revealed their online health
information findings due to fear of embarrassment; feeling
it would beinsulting to the physician; using online informa-
tion to negate the need to see a physician; not remembering
to bring it up.

Facilitators to discussion of online information:

Patients discussed online findings during doctor visitswhen
afamily member was present; the doctor initiated inquiries
about patient-acquired information; they had encountered
an advertisement suggesting talking with a doctor.

Strategies patients used to exchange online information:

Patients who looked up health information on the Internet
prior to their consultation usually had not directly revealed
to the practitioner that they had done so.

Barriersto discussion of online information:

Some practitioners sought to assert their authority by dismiss-
ing the discussion of patients’ findings acquired from the
Internet.

Barriersto discussion of online information:

Patients feared their doctors could feel criticized if they re-
veal ed online findings or had an unchangeabl e preconceived
view.

Barriersto discussion of online information:

Patients did not discuss their Internet information seeking
mostly because they feared being perceived as challenging
or confronting their physician.

Patients' perceived consultation effectiveness:

Patients felt that using the Internet improved their communica-
tion with physicians

Patients’ sense of control, confidence, and empower ment:
Patients felt better equipped to go to the physician and more
empowered. The online information and advice influenced pa-
tients' decision making without threatening their desire to
communicate with physicians, but they still saw the physician
as the primary source of information and advice.

Not available.

Not available.

Quality of the patient-physician relationship:
Patients’ trust in their physician asthe main information source

remained at avery high level, despitetheir Internet health infor-
mation searches.

Quality of the patient-physician relationship:
Onlineinformation showed the potential to significantly change
the relationship with the attending doctors, with the most impor-
tant aspect being a shift of the subjectively perceived hierarchy.
The quality of existing patient-physician relationships played
amajor role in how patients assessed doctors when discussing
onlinefindings, where reactions were mostly judged as positive
in agood relationship.

Patient satisfaction:

Physician and patient appointment satisfaction was significantly
higher when the Internet information was discussed.

http://www.jmir.org/2017/1/e9/
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Study Themes

Discussion of online information with physicians

Implications for the patient-physician relationship

Newnham, 2006 [29] Not available.

Chiu, 2011 [30] Barriersto discussion of online information:

Patientsworried that it might offend the doctors, they respect-
ed doctors' authority, and were not used to asking doctors
questions.

Demographic factors:

In a culture where the patient-physician hierarchy is promi-
nent, patients were hesitant to ask questions, asit might dis-
please the doctor.

Russ, 2011 [31] Demographic factors:

Those who presented information to their doctors tended to
be older (average 43 years) than nonsharers (36 years, not
significant), and information sharers tended to have more
children under the age of 18 years.

Y barra, 2008 [32] Not available.

AlGhamdi, 2012 [33] Not available.

Bianco, 2013 [34] Not available.

Xie, 2009 [35] Not available.

Quality of the patient-physician relationship:
Most patients did not believe that informeation searching adverse-
ly affected the doctor-patient relationship.

40% felt that the doctor-patient relationship was unaffected by
information searching, 24% felt it improved the relationship,
while only 8% felt it had adversely affected the relationship.

42% of patients who searched for information trusted their
doctor as much as nonsearchers did.

Patient perceived consultation efficiency:

Participants who searched the Internet before seeing their doc-
tors could understand their doctors and the jargon they used
better, thus leading to better doctor-patient communication.

Patient satisfaction:

Patients who searched the Internet for information tended to
feel that they received satisfactory information about their health
during their consultation more than those who did not, and that
they received more attention than the nonsharers.

Patients' sense of control, confidence, and empower ment:

Most respondents felt more comfortable with information from
the health provider as aresult of their Internet searches.

Quality of the patient-physician relationship:

Of 801 study participants, 45% had searched for online health
information before coming to the clinic; 72.5% of those dis-
cussed the information with their doctors, and 71.7% of those
who did so believed that this positively affected their relation-
ship with their doctor.

Quality of the patient-physician relationship:

Only 25% of those who searched the Internet for health-related
information discussed the information they found with their
general physician. Most believed it had no effect on the patient-
physician relationship, 13.4% believed the Internet information
search had a positive effect, and only 8.1% believed it had a
negative effect.

Patients’ sense of control, confidence, and empower ment:

A total of 4 online health information needs of patients were
highlighted, of which 2 focused on the interaction with the
physician: (1) advanced knowledge found on the Internet, on a
specific health condition or treatment, helped patients to feel
that they were better prepared to interact with doctorsin the
sense that they could better understand what doctors said; (2)
the basic information about a health condition found on the In-
ternet provided a genera understanding of their health issue,
so that it would help patients to know what to expect and to be
prepared to better cope with a stressful situation.

Discussion of Online Information With Physicians

searches, (2) facilitators of and (3) barriers to the discussion of
onlinefindings, and (4) demographic factors affecting discussion

Of the 18 articles reviewed, 12 examined patients' discussion  of online findings. Table 3 summarizes the themes and
of information they found on the Internet with their physicians.  subthemes related to patients’ discussion of onlineinformation
These studies examined this category along 4 themes: (1)  with physicianscovered by each study. are summarized in Table

strategies patients use to revea their Internet information 3,

http://www.jmir.org/2017/1/e9/
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Table 3. Themes and subthemes on patients’ discussion of online information with physicians.

Themes Subthemes Study reference

S/ C N

(12] [18] [24] [28] ([26] [27] [28] [29] ([30] ([31]

Facilitator s to discussion of online findings during consultations
Having afamily member present at
physician visits
Physician-initiated inquiriesand encourag- [
ing patients to discuss

Encountering atreatment-rel ated advertise-
ment that suggested talking with a physi-
cian
Barriersto discussion of online findings during consultations

Preestablished view of the patient-physi-
cian relationship

Physician resistance ad g
Perceived embarrassment
Demographic characteristics
Culture
Sex
Health literacy
eHealth literacy
Health status
Age
Number of children <18
Strategiesfor using or revealing online findings during consultations
Ask additional questions

M ake suggestions based on their online
findings

Directly disclose online findings

Silently verify without asking any ques- O
tions

Bring printouts of online information

Strategiesfor Using and Revealing Online I nformation

A total of 3 articles examined strategies patients used to reveal
their online findings during their doctor visits. These studies
found 5 different strategies to be used by patients who brought
onlineinformation to their consultations. These strategieswere
asking additional questions [4,12], making suggestions based
ontheir onlinefindings[12], directly disclosing onlinefindings
[12], verifying silently without asking any questions[4,12], and
bringing printouts of onlineinformation [12]. Asking additional
guestions would allow patients to clarify contradictory points
between their own view and the information from the physician.
Making suggestions on different diagnostics and treatments
would be helpful to patients in verifying their persona
interpretations of online health information. Patients who
preferred concealing their Internet search discussed online
information without directly revealing that they had found the
information on the Internet [4,12,26]. However, some patients
preferred more accurate verification of their online findings by

http://www.jmir.org/2017/1/e9/

showing printouts of their Internet research to prompt
discussions during consultations [12]. In fact, patients who
directly disclosed online findings preferred critical appraisals
from physician and appreciated their physician's evaluations.
Patients who silently verified their Internet search results did
so to avoid interrupting the diagnosis process [12].

Facilitators of and Barriersto Discussion of Online
Findings During Consultations

Silver [25] highlighted 3 facilitating factors that encouraged
patients to discuss online health information with their
physicians: (1) having afamily member present at doctor visits,
(2) doctor-initiated inquiries, and (3) encountering a
treatment-related advertisement that suggested talking with a
doctor. Having a family member present would help patients
remember what to ask and made the context more comfortable
to share online findings. Online advertisements or
recommendations about certain medications and treatment
options that contained information believed relevant to their

JMed Internet Res 2017 | vol. 19 | iss. 1 [e9 | p.120
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

own health condition prompted some patients to initiate a
conversation with their physicians [25]. Further, some patients
reported incidences of doctors’ positively encouraging patients
to search the Internet for information [3]. These factors spurred
patients to communicate their Internet research findings during
consultations. In astudy by Newnham et al [29], morethan half
of the patients who searched for online information prior to
consultations had discussed information obtained in their search
with their physician and had found their physician to be willing
to discuss this information.

A total of 8 studies examined barriers to patients' willingness
to discuss their online findings with their physicians during
consultations. The most common reason found was that patients
were usually skeptical of how physicians would react to the
knowledge they acquired through the Internet: patients were
afraid doctors would perceive them as challenging doctors
opinion if they directly revealed their online findings to their
doctors [28]. Patients were mindful in ensuring that doctors
played the central role during consultations [27]. They feared
that revealing their knowledge gained from Internet searches
would be an insult to professional health care providers [25]
who could feel criticized or have an unchangeabl e preconceived
view [27]. For example, Chiu [30] showed that patients
cautiously made an effort not to offend doctorswith their online
findings. Patients expressed concerns over how physicians may
perceive them as being “challenging” and “confrontational” if
they discussed their health condition from a more informed
point of view during consultations [28].

The second most common barrier for patients wasthe resistance
or discouragement from physicians encountered when patients
tried to discuss their Internet information research during
consultations. Patients felt physicians resistance toward them
when they tried to discuss with their physicians the health
information they had found on the Internet on their conditions
or even about day-to-day health management [3,7]. Patients
also felt that some physicians reacted in a way that implicitly
or explicitly discredited the patients’ ability to becomeinformed
viathe Internet, presenting serious barriers to shared decision
making during consultations, with the physicians asserting their
authority by dismissing patient-acquired knowledge [7,26].
Patientsfelt that physicians were employing strategiesto avoid
online information-related dialogues or that they briefly
answered patients' queries with short answers to reclaim the
traditional consultation model of one-way information provision.
Asaresult, patients carefully observed their physicians before
deciding whether to reveal their Internet research [25,30], and
patients would only bring up their Internet health searches if
they felt the situation was right.

A third major barrier was the fear of embarrassment [25].
Patients who identified this to be a barrier felt they did not
possess the required skill set to evaluate online medical
information. They had a lower level of confidence in the
trustworthiness and the credibility of online information. They
manifested a sense of being unsure of how to explain the
information they found and how to relate it to their own
condition, and hence did not want to mention it to their
physicians.

http://www.jmir.org/2017/1/e9/
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Finally, other than the main barriers, some patients did not
discusstheir findings during consultations because they did not
think the information was important enough and they searched
the Internet just to be informed [15]. Other reasons for not
revealing their online findings were a reluctance to interfere
with physicians diagnostic process[12] and lack of time during
doctor visits[12].

Demographic Factors Affecting Discussion of Online
Information

The impact of patients demographic characteristics on their
decision to discuss online health information with health care
providers was studied in 4 studies. These studies examined
demographic characteristics such as culture [30], sex [24], age,
having children [31], health status[15], hedlth literacy [24], and
eHealth literacy [15]. Chiu[30] addressed the cultural influence
on patient-physician encounters and patients’ Internet research.
In a culture where the hierarchy of the patient-physician
relationship is deemed to be like that of a son to a father,
physicians have absolute authority to decide on the treatment,
and patients must absolutely trust their doctors [36]. For such
patients, even though onlineinformation empowered them with
the knowledge to have a better discussion with doctors, they
tended to do so cautiously, with an effort not to offend doctors
and to assume greater responsibility in trying to understand their
doctors’ advice with their knowledge gained from online health
information.

Theimpact of sex was studied in astudy by Chung [24], which
showed that men were more likely than women to have a
conversation regarding online health information with their
physicians. Russet a [31] showed that the average age of those
who shared onlineinformation with doctorstended to be higher
and they tended to have more children under the age of 18 years.
Murray et a [15] found that people in poor heath were more
likely to talk to their physicians about online health information
than werethosein good health. Further, Chung [24] also showed
that patientswith low health literacy or who had troubletrusting
online health information were not morelikely to ask questions
or to seek guidance during consultations. In contrast, Murray
et a [15] showed that self-rated ability to critically appraise
online health information was positively related to patients
decision to discuss online information during consultations.
Patients who rated themselves as excellent or very good at
assessing the reliability of information on the Internet were
more likely to take information to their physicians than were
those who were not confident in assessing the reliability of
Internet information [15].

Implications for the Patient-Physician Relationship

A total of 15 articles studied theimplications of patients' online
health information seeking for the patient-physician relationship.
Of these, 8 studies focused on the patients’ perceptions of
positive and negative implications for the patient-physician
relationship, while 10 studies examined the indirect effects on
the patient-physician relationship (ie, patients' sense of control,
confidence, and empowerment, perceived consultation efficacy,
and patient satisfaction). Table 4 summarizes the themes and
subthemes related to implications for the patient-physician
relationship covered by each study.
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Table 4. Themes and subthemes on implications of patient-physician consultation for the patient-physician relationship.

Thames  Subthemes Study reference

B [ 71

(12 8 [ [4 (21 [29 [30 [3] [& [33 [34 [&

Patients’ perception of impact on patient-physician relationship
Opportunity to discuss online findings g
Physician’sreceptivenessto onlineinformation O
Prior relationship with patient
Physician’s communication skills
Patient demographics

Patients sense of control, confidence, and empower ment

Morein control and confident during consulta- g
tion

Heightened sense of empowerment g
Patients’ perceived consultation effectiveness
Better understanding of theillness condition g

Feeling better equipped during consultations
to understand doctor

Greater participation in consultations O
More comfortable with doctor’s advice

Provision of greater clarity, orientation, and
certainty

Patient satisfaction
Satisfaction with the doctor’s advice

Satisfaction with the appointment

Patients' Perception of Positive or Negative | mpact on
the Patient-Physician Relationship

Of the 18 studies, 8 examined the factors directly affecting the
patient-physician relationship. In the studies we reviewed, a
greater proportion of participants were found to believe that
Internet health information seeking did not adversely affect their
relationship with physicians [3,29,33,34]. In the study by
Newnham et al [29], 40% of patients felt the patient-physician
relationship was unaffected by information searching, 24% felt
it improved the relationship, and only 8% felt it adversely
affected the relationship. However, the articles we reviewed
showed that the effect of online information on the
patient-physician relationship depended on several factors.

First, 5 studies showed the effect of patients’ discussion of their
online findings with physicians. AlGhamdi and Moussa [33]
reported that 45% had searched the Internet for health
information before coming to the clinic; 72.5% of those
discussed theinformation with their doctors, and 71.7% of those
who did so believed that this positively affected their
relationship. Patients who perceived their information search
to have improved their relationship with physicians saw the
Internet as an additional resource that supported doctors' advice
and enhanced the relationship with doctors [3]. They valued
their relationship with their doctors and expected doctors to be
more welcoming toward their Internet health research [15]. The
positive influence of online information was stronger when

http://www.jmir.org/2017/1/e9/

patients had an opportunity to discuss their online findings
[31,33,34].

On the other hand, bringing up online information during
consultations also resulted in conflicts between patients and
physicians. Conflicts stemming from different interpretation of
online health information led to intensive discussions with
physicians and patients [12]. Further, when patients valued the
information they found on the Internet above their physicians’,
this information led patients to ignore physicians expertise
[12].

Second, Murray et a [15] found that how physicians reacted to
patients when they shared their online findings during
consultations could determine the positive or negative effect on
the relationship’s quality. When patients perceived physicians
to be threatened by their bringing online information, 49% of
the patients were seriously dissatisfied with the consultation
and 4% believed their relationship wasworsened [ 15]. Bringing
information was found to have a positive effect when the
physician did not appear challenged by the online information
[7,12,15].

Third, 1 study we reviewed showed the effect of physicians
communication skills when patients discussed their online
findings. Patients felt that the relationship was strengthened
when physicians displayed adequate communication skills in
discussing patients' queries[15].
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Fourth, Schrank et al [27] showed the influence of the quality
of the existing relationship with physicians when patients
assessed their physicians' reaction during the discussion of
online information. Patients judged their physicians' reactions
asmostly positive when they had agood prior relationship, even
when the doctors' replies were evasive or openly critical of the
patients' Internet search [27].

Fifth, 2 studies examined theinfluence of patients demographic
characteristics on their assessment of physicians reaction to
onlineinformation [15,24]. Murray et a [15] showed that most
patients felt their physicians reacted positively to online health
information, but those who felt their physicianswere challenged
tended to be uninsured patients, who described themselves as
excellent or very good at critically appraising information on
the Internet. Further, Chung [24] showed that physicians
reactions to online information was perceived as negative by
patients who experienced poor health, and they also had more
concerns about the quality of the health information they sought
on the Internet.

Patients’ Sense of Control, Confidence, and
Empowerment During Consultation

A total of 5 articles reviewed examined the effect of Internet
health information search on patients’ empowerment, perceived
confidence, and control during aconsultation. Murray et a [15]
showed that patients felt more in control and confident during
the consultation as a result of bringing information to their
physicians. Patients also felt more confident in their physicians
diagnosis once they had discussed their online findings
[4,15,32]. Further, Internet search behavior led patients to
experience a sense of control and therefore enter into a
comprehensive negotiation with their specialist [7].

Of the studies we reviewed, 3 found that online health
information can empower patients[23,35] to play amore active
role in their disease management. A study of prostate cancer
patients showed how the Internet aff ected their decision-making
ability. Onlineinformation empowered them “to do something”
rather than “just being told what to do” by their specialist [7].
Internet search provided clarity in terms of treatment options
and, asaresult, diminished patients' reliance on their specialists.

Although Internet information search was shown to shift the
subjectively perceived hierarchy between the doctor and the
patient [27], patients still valued traditional doctor-patient
consultationsasimportant to their understanding of online health
information [27]. The patients' sense of empowerment was
dependent on how receptive providers and specialists were to
the patients' desire to take part in the decision-making process
[7]. Doctors' resistance toward discussing online findings was
found to result in higher levels of anxiety, confusion, and
frustration.

Patients Perceived Consultation Effectiveness

Inthe studieswe reviewed, most patientsfelt that Internet health
information seeking prior to consultations had improved their
communication with doctors and the effectiveness of their
consultations. First, participantswho searched for online health
information prior to their consultations felt better equipped to
communicate with their physicians during the consultations
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[23,35]. They believed the patient-physician communication
had improved because they could understand their doctors and
the jargon they used better [30]. Kivits [4] also found that, by
discussing information they had accessed on the Internet or
setting questions in advance, patients were able to better
understand and participate in consultation sessions with their
doctors.

Second, patientswho searched the Internet for information prior
to the consultation felt more confident and comfortable with
the doctor’s advice. Ybarra and Suman [32] showed that a
majority of patients had felt more comfortable with information
from health care providers because of their Internet searches.
Patients felt more informed as they used the knowledge gained
from Internet searches to check and complete the information
received from doctors. Further, discussions with physicians
were found to give patients greater clarity, orientation, and
certainty [12]. On the other hand, when physicians exerted
resistance to patients online information sharing during
consultations, it created a barrier to receiving effective care
from the physician [7].

Patient Satisfaction

Only 2 studies examined the influence of patient satisfaction
on the patient-physician relationship. Russ et al [31] found that
online information seekers felt they had received satisfactory
information about their health from their physician when
compared with nonseekers. The appointment satisfaction of
physicians and patients was found to be significantly higher
when online health information was discussed [28], even if the
information was not explicitly stated to be from the Internet.
Patients who shared online information felt that they received
more attention from their physician, compared with nonsharers
[31].

Discussion

Principal Findings

Based on our review of the 18 empirical studies that examined
patients Internet health information seeking and theimplications
for the patient-physician relationship, we found that a greater
proportion of patients did not feel that their Internet health
information-seeking activities had an adverse impact on the
patient-physician relationship [3,29,33,34]. The recent
proliferation of health information on the Internet has resulted
in a shift in the traditional information balance [37,38], where
patients are increasingly equipped with health information
related to their conditions, eroding the prior exclusivity of health
information among health professionals. However, our findings
show that patients’ positive attitude toward physicians did not
change unless physicians imposed restrictions on their online
information sharing during consultations (eg, [3,7,26]). Patients
went on the Internet mostly to be actively involved in the
decision making related to their health. Patients still valued
consultationswith physicians [27], and their trust in physicians
remained very high [26,27]. Patients used the information found
on the Internet to help them prepare for their visit, ask better
guestions, and understand what the physicianstold them. These
were shown to empower patients to play a more active role in
their disease management and to be more effective in
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understanding and communicating with their physicians [32].
Internet-informed patients were also more confident in and
comfortable with their physicians’ advice [15].

In the studies we reviewed, some looked at how Internet health
information seeking affected the patient-physician relationship,
while others focused on how patients’ use of the online health
information affected the patient-physician relationship. Although
we identified 5 different types of strategies in the literature
(including silently verifying information, bringing printouts,
explicitly verifying information by asking questions, and asking
extraquestionswithout directly revealing their Internet search),
most studies focused simply on whether patients discussed the
online health information during physician consultations and
the associated outcomes. Among these studies, evidence showed
that patients experienced abetter patient-physician relationship
when they had the opportunity to discuss their online health
information with their physicians, and their physicians were
receptive to discussing the online information. However, if
patients experienced resistance from their physicians to their
discussion of onlineinformation, patients were found to become
frustrated and anxious [ 7] and would withhold their discussion
[3,7]. Conflicts arising from physicians and patients having
different interpretations of the online information and when
patients valued this information more also had adverse
implications for the patient-physician relationship [12]. In
general, we found more evidence of positive than of negative
implications of discussing online health information.

As patients become better informed and like to be more actively
involved in decision making about their health, traditional
models of the patient-physician relationship need to be adapted
to patients' changing needs by incorporating their perspective
into a relationship-centered medical paradigm [39]. In contrast
to the physician-centric paternalistic models of care, a
deliberative or participatory model has been recommended for
encounters with Internet-informed patients [40], where
physicians delineate the patients’ clinical situation and provide
help in explaining and deciding on the available options [41].
Under this model of care, the physician acts as a teacher or a
friend by engaging patients in a diaogue through the
decision-making process [39].

Allowing or encouraging patients to discuss their Internet
information searcheswith physiciansisincreasingly important,
given that acquiring information on the Internet hasthe potential
to misguide patientswith inaccurate information and make them
excessively anxious [8]. Therefore, the information patients
wish to use in decision making ought to be verified to ensure
that it is based on facts [40]. Additionally, not disclosing their
Internet information searches could erode patients' trust in their
physiciansif the diagnosis or the recommendations are different
from their Internet research findings [2]. Our findings showed
that enabling patients to communicate their Internet research
was one of the key mechanismsto ensure that patients' opinion
was valued and to enhance physicians' relationships with their
Internet-informed patients. When physicians embrace openness
to online information [7,12,15,24] and encourage patients to
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discuss the online information they have, patients' perception
of physician resistance and fear of embarrassment could be
reduced and patients are more likely to discuss online
information with their physicians.

Research Gaps

In interpreting our findings, we should take note of the various
research gaps in the existing studies. First, these empirical
studies were primarily based on cross-sectional surveys, focus
groups, or interview data, or a combination of these. Most of
the results are descriptive, making it difficult to ascertain the
causal effect of Internet heath information seeking on the
patient-physician relationship. In order to quantify the causal
relationship between influencing factors and the quality of the
patient-physician relationship, future research could involve
more quantitative approaches, such as field experiments or
surveys carried out in multiple waves. Second, the studies we
reviewed focused mainly on understanding the patients
perspectives, and hence our conclusions are limited to their
perspectives, which might differ from those of physicians.
Future research should explore physicians' perspectives on
patients' Internet health information-seeking behavior and how
physicians communication strategies during consultations could
affect the patient-physician relationship.

Limitations

We should also interpret our findings in the light of these
limitations. First, the search criterion we used for retrieving the
studies was initially broad to cover all the aspects that have
been studied in relation to patients active Internet health
information seeking. Asthere is no consistent terminology for
the patient-physician relationship and its related dimensions,
our main search query did not include MeSH terms. This may
have resulted in missing out potentially relevant articles.
However, we mitigated this limitation by performing a second
round of search with a basic MeSH query. Second, we
considered only articles that were in English. Therefore, we
excluded several non-English articles from our review.

Conclusion

Results of this review contribute to the understanding of the
influence of health information sought by patients on the I nternet
on the patient-physician relationship. In contrast to the belief
that patients' Internet research can erode the patient-physician
relationship [2], our findings show that patients’ Internet health
information seeking hasthe potential to improvethereationship
[3,27,29,33,34]. Patients typically see the Internet as an
additional resource that can help them to better understand
doctors’ recommendations and advice [3]. Thus, it has the
potential to change the structure of the traditional
patient-physician relationship [27,38] from one where patients
perceive health care providers as the sol e custodians of medical
information [42]. Further research needs to be carried out to
understand the needs and wants of Internet-informed patients,
how physicians can adapt to this shift, and how traditional
patient-physi cian relationship models must be adapted to meset
the changing health paradigm.
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Abstract

Background: Net survival rates of cancer are increasing worldwide, placing a strain on health service provision. Thereis a
driveto transfer the care of cancer survivors—individualsliving with and beyond cancer—to the community and encourage them
to play an activerolein their own care. Tel ehealth, the use of technology in remote exchange of data and communication between
patients and health care professionals (HCPs), is an important contributor to this evolving model of care. Telehealth interventions
are“complex,” and understanding patient experiences of them isimportant in evaluating their impact. However, awider view of
patient experienceislacking as qualitative studies detailing cancer survivor engagement with telehealth are yet to be synthesized.

Objective: To systematically identify, appraise, and synthesize qualitative research evidence on the experiences of adult cancer
survivors participating in telehealth interventions, to characterize the patient experience of telehealth interventionsfor this group.

Methods: Medline (PubMed), PsychINFO, Cumulative Index for Nursing and Allied Health Professionals (CINAHL ), Embase,
and Cochrane Central Register of Controlled Trials were searched on August 14, 2015, and March 8, 2016, for English-language
papers published between 2006 and 2016. Inclusion criteriawere asfollows: adult cancer survivors aged 18 years and over, cancer
diagnosis, experience of participating in a telehealth intervention (defined as remote communication or remote monitoring with
an HCP delivered by telephone, Internet, or hand-held or mobile technology), and reporting qualitative data including verbatim
guotes. An adapted Critical Appraisal Skill Programme (CA SP) checklist for qualitative research was used to assess paper quality.
The results section of each included article was coded line by line, and all papers underwent inductive analysis, involving
comparison, reexamination, and grouping of codes to devel op descriptive themes. Analytical themes were developed through an
iterative process of reflection on, and interpretation of, the descriptive themes within and across studies.

Results: Across the 22 included papers, 3 analytical themes emerged, each with 3 descriptive subthemes: (1) influence of
telehealth on the disrupted lives of cancer survivors (convenience, independence, and burden); (2) personalized care across
physical distance (time, space, and the human factor); and (3) remote reassurance—a safety net of health care professional
connection (active connection, passive connection, and slipping through the net). Telehealth interventions represent a convenient
approach, which can potentially minimize treatment burden and disruption to cancer survivors' lives. Telehealth interventions
can facilitate an experience of personalized care and reassurance for those living with and beyond cancer; however, it isimportant
to consider individual factors when tailoring interventions to ensure engagement promotes benefit rather than burden.

Conclusions: Telehealth interventions can provide cancer survivors with independence and reassurance. Future telehealth

interventions need to be developed iteratively in collaboration with a broad range of cancer survivors to maximize engagement
and benefit.

(J Med Internet Res 2017;19(1):e11) doi:10.2196/jmir.6575
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Introduction

Theterm*“ cancer survivor” isused to encompassall individuals
living with cancer “from the time of diagnosis and for the
balance of life” [1]. Rates of cancer survival are considered a
key metric for cancer control [2]. There are 2.5 million cancer
survivorsin the United Kingdom and thisis predicted to increase
to 4 million by 2030, in line with the increase in both cancer
incidence and net survival ratesidentified for many cancer types
worldwide between 1995 and 2009 [3]. Lifetime risk of cancer
now varies between 33% in Australia before 75 years [4] to
over 50% in the United Kingdom for those born after 1960 [5].
Variation in European cancer survival rates is associated with
levels of health services funding and organization [6,7], with
such relationships also being observed in other countries
worldwide [8]. This exponential risein cancer survivorsis met
by finite resources, thereby placing considerable strain on cancer
service provision. Consequently, alternative approaches to
service delivery and provision of supportive care are needed
and are driving technological innovation in health care[9].

The effort to develop and implement technological innovations
to support cancer survivorship is a global one, reflecting the
drive to transfer the care of cancer survivors from hospital to
community settings[10] and encourage them (and their families
or caregivers) to play an activerolein managing their care[11].
This evolving model of cancer care has led researchers to
investigate use of telehealth in health care delivery. Telehealth
refers to the use of technology to provide remote personalized
health care to patients [12,13] which allows exchange of data
and communication between patients and health care
professionals (HCPs) [14]. Examples of initiatives in active
development include the UK -based eRAPID remote symptom
reporting system [15], a Web-based exercise program in the
Netherlands[16] and rural chemotherapy administration under
guidance from centrally-based oncologists in Australia[17].

However, little is known about cancer survivors engagement
with, and acceptance of, cancer telehealth interventions, and
their lived experience of being remotely monitored—often the
focusis on intervention outcomes. Of recent reviews, 3 sought
to synthesize trial findings from studies reporting outcomes
from interventions tested with cancer survivorsin a supportive
capacity [18,19] and in the delivery of follow-up [20]. They
appraised benefits in terms of quality of life and management
of symptoms (including pain, depression, anxiety, fatigue, and
sexual dysfunction) using patient-reported outcome measures,
but found the benefit of telehealth to vary between studies. One
review of supportive telehealth interventions [18] was
inconclusive regarding their efficacy in reducing depression
(only 4 of 9 studies focusing on depression reported significant
effects) but did suggest benefits in terms of reducing pain (of
the 3 studies on pain control, 2 reported significant effects).
Another review of supportive telehealth interventions[19] found
that 9 of 20 studies indicated a significant improvement in at
least one psychosocial outcome measure. However, only one
of these found that this improvement was sustained at the end
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of the follow-up period [21]. The review appraising research
addressing remote follow-up [20] concluded that this form of
telehealth neither significantly decreased psychological distress,
nor enhanced quality of life of cancer survivors. Only 2 studies
reviewed reported significant improvements in quality of life
or fatigue levels. This suggests that the current evidence on
telehealth effectivenessis relatively mixed and that the type of
telehealth intervention employed may impact final outcomes.

Telehealth interventions are “complex,” comprising many
components, and can be time consuming and expensive to
develop and test. Medical Research Council guidance on
devel oping and eval uating complex interventions highlightsthe
importance of qualitative research for devel oping the theoretical
understanding of complex interventions’ impact and processes
of action [22]. The systematic reviews discussed above
synthesi zed solely resultsfrom studies reporting patient-reported
outcomes. However, they did not incorporate elements
pertaining to patients needs for, or experiences of, or
engagement with telehealth. Yet, these are important
considerationsfor successful uptake of telehealth interventions.
Systematic reviews conducted to date have primarily enabled
consideration of whether telehealth offers benefit to cancer
survivors [18-20], but a qualitative synthesis of the cancer
survivor's experience of telehealth will enable consideration of
how and why cancer survivors experience any benefit, or not.

The aim of thisreview therefore wasto systematically identify,
appraise, and synthesize qualitative research evidence on the
experience of adult cancer survivors who have engaged with
telehealth intervention(s) and provide a fine-grained
understanding of users’ perspectives. Theintent wasto enhance
characterization of the impact of telehealth interventions upon
the experience of cancer survivorship and identify potential
stepsto improve engagement of cancer survivorswith telehealth.

Methods

Thereporting of this qualitative synthesisfollowsthe Enhancing
Transparency in Reporting the Synthesis of Qualitative Research
(ENTREQ) guidelines [23].

Search Strategy

A comprehensive search strategy was developed to identify all
the studiesrel evant to our research question. The search strategy
was devel oped for Medline (PubMed), then adapted and applied
to PsychINFO, Cumulative Index for Nursing and Allied Health
Professionals (CINAHL), Embase, and the Cochrane Central
Register of Controlled Trials. These databases were chosen to
encompass nursing, medicine, social sciences, and psychology.
To retrieve other relevant publications, the reference lists of
selected publications were hand searched and articles considered
against the dligibility criteria. Nonresearch publications and
“gray” literature were excluded. The search was conducted on
August 14, 2015, and updated on March 8, 2016. Search results
were uploaded and stored using Endnote version 7.4 (Clarivate
Analytics). Duplications of studies were removed.
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Search terms were split into 3 categories: cancer survivors
(population), eHealth (intervention), and survivor experience
(outcome). Each category included medical subject headings
(MeSH) and keywords using trunctation (*) within title or
abstract fields (see Multimedia Appendix 1 for full Medline
search strategy). The search terms were informed by previous
systematic reviews of eHealth [24,25] and database thesauri.
Broad search termswere used for eHealth, rather than the more
restrictive term “telehedth,” to ensure that all relevant
interventions were captured. Boolean terms “OR” and “AND”
were used to combine searches within and between categories
respectively. The search was restricted to papers published in

Textbox 1. Inclusion criteria for the study.

Cox et a

English between 2006 and 2016 to encompass recent papers of
the last decade for relevancy. Database searches are less
successful at identifying qualitative studies, and abstracts of
studies reporting qualitative data are variable in content, not
always indicating the research method [26]. Consequently, the
initial search was not limited by research design; papers which
incorporated qualitative data were identified at the stage of
assessing full text articles for eigibility.

Inclusion and Exclusion Criteria

Textboxes 1 and 2 present the papers eligible for inclusion in
and exclusion from the study.

mobile technology)

«  Original articlesin English published in the period of January 1, 2006, to March 8, 2016
«  Papersreporting on adults (over 18 years) who had received a diagnosis of cancer, regardless of gender, tumor type, or comorbidities

«  Papersreporting on participants who had experienced atel ehealth intervention, which enabled remote communication or remote monitoring with
health care professionals (HCPs) (the main component of the intervention was delivered by telephone, using the Internet, or using hand-held or

«  Papersreporting qualitative data—including verbatim quotes—on cancer survivors' experience of using a telehealth intervention

Textbox 2. Exclusion criteriafor the study.

social media, remote peer support)

«  Experience of carersonly
o  Experience of userswith conditions other than cancer
«  Gray literature or reviews

« Qualitative data that did not include verbatim quotes

«  Broader experience of eHealth—did not provide remote communication or monitoring with health care professionals (HCPs) (eg, chat rooms,

«  Datacollected during development of an intervention based on the user’s expectations rather than experience

Screening and Data Extraction

A 2-stage screening process was conducted. In stage one, 3
reviewers (first author and 2 members of the research team)
screened all identified titles and abstracts that were potentially
eligiblefor inclusion irrespective of research methodology. Full
papers were then obtained and potentially eligible studieswere
assessed for inclusion independently by at least two of the 5
members of the review team (AC, AM, WK, FM, RM); at this
stage papers that did not incorporate qualitative data were
excluded. Uncertainties around paper inclusion were resolved
by the final member of the review team (last author) if
necessary.

All members of the research team independently extracted data
for each paper using adata extraction form devised by the team;
data from each paper were extracted twice by 2 separate
members. All text from the papers labelled as “results’ or
“findings’ was extracted electronically and entered into Nvivo
10, aqualitative dataanalysis computer software package (QSR
International). Data extraction forms were compared across
reviewers for each paper to ensure accuracy and
comprehensiveness of data extraction.

http://www.jmir.org/2017/1/e1l/

Quality Assessment

Thereview team adapted the Critical Appraisal Skill Programme
(CASP) checklist for qualitative research [27] to include
assessment of information power, a concept proposed by
Malterud et al [28] as an alternative to saturation in qualitative
research. Information power refers to how researchers can
achieve adeguate sample size in qualitative studies by having
aclearly defined aim, aspecific sample, atheoretical approach,
high quality dialogue, and clear analytic strategy. The adapted
tool was piloted on asubsample of studies (n=12) by 6 members
of the review team (AC, AM, FM, ER, RM, WG). Following
minor amendments, the tool was used independently by 2
members of the review team to assess the remaining studies.
All studies fulfilling the dligibility criteria were assessed with
the adapted checklist comprising: research design, sampling
strategy, analysis, presentation and interpretation of findings,
reflexivity, ethical considerations, relevance, and transferability.
The decision was made to include all studies in the analysis,
however, less emphasis was given to studies assessed by the
checklist as relatively lacking in rigor.

Thematic Synthesis

Thefindings of primary research studieswere synthesized using
methods proposed by Thomas and Harden [29]. These methods
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aim to achieve a high level of analysis and integration via 3
stages of synthesis: (1) Line-by-line coding of the results section
of each paper, (2) development of descriptive themes which
remain close to the themes from the primary research, and (3)
devel opment of analytical themes, which go beyond the primary
research findings and generate a higher level of conceptual
understanding.

Of the review team, 2 members (AC and GL) coded the results
section of each included article line by line and developed
descriptive themes through inductive analysis, involving
comparison, reexamination, and grouping of codes. Descriptive
themeswere shared with and considered by all authorsto ensure
they were consistent and apposite. Descriptive themes were
grouped and analytical themes were developed through an

Cox et a

iterative process of reflection on, and interpretation of the
descriptive themes within and across studies.

Results

The search yielded 2909 records. Based on titles and abstracts,
168 records were selected for full text screening, resulting in a
selection of 22 publications that met all eligibility criteria
(Multimedia Appendix 2). Some of these studies were nested
within larger trials of telehealth interventions. Multimedia
Appendix 2 describes just the qualitative component extracted
from each study.

All theincluded studieswere deemed to be of sufficient quality
to contribute equally to the thematic synthesis. A Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flowchart is presented in Figure 1.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) study selection flowchart.

Ty

Records Records Records Records Records Records
identified identified | | identified || identified || identified identified
through through through through through through
MEDLINE PsvcINFO CINAHL Embase CENTRAL other
database database database database database sources
(n=779) (n=184) {n=303) (n=1323) {n=316) (n=4)
Total number of records
(N=2909)
- |
S
Records screened after duplicates removed
(n=2336)
T Records excluded based on title
3 ) and abstract
| (n=2168)
| S
e ¥
Full-text articles assessed for eligibility Full-text articles excluded, with reasons
(n=168) 1. Not reporting on a telehealth intervention {n=
53);
2. Not presenting qualitative data of cancer
s | survivor experience (n=74};
3. Presenting qualitative data but without direct
quotes (n=5);
4. Not reporting on cancer survivors (n=2);
5. Reporting user expectations rather than
experience (n=2);
6. Secondary analysis of data already included in
another paper (n=1);
e 7. Cancer survivor experience indistinguishable
from caregiver experience (n=1);
8. Not an original article {e.g. conference abstract)
(n=8).
1 (n=146)

Studies included in thematic synthesis
(n=22)

Characteristics of Included Studies

The 22 included studies used semistructured or in-depth
interviews, or open-ended questions within surveys undertaken,
with a total 445 patients (sample sizes listed in Multimedia
Appendix 2). Of the total studies, 4 included only female
survivors, [30-33], 1 study included only men [34], while the
remaining 17 included both male and female participants

http://www.jmir.org/2017/1/e1l/

[35-51]. Only 4 studies reported on the ethnicity of their
participants [33,38,47,48]. Survivor cancer diagnosesincluded
breast, lung, colorectal, ovarian, head and neck, prostate,
hematological disease, and lymphoma. Study participants
included adults who were newly diagnosed with cancer, those
on active treatment, as well as those receiving follow-up care.
The media used within telehealth interventions were
heterogeneous: 11 studies appraised telephone-based
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interventions, [30-32,34,35,42,43,47,49-51], 5 studies related
to primarily Web-based interventions, [33,36,39,40,48], 1 study
evaluated email communication [37], and 5 looked at
interventions using handheld monitoring devices[38,41,44-46].
The purpose of the interventions was diverse and included: 15
which supported patientsthrough treatment; 6 which monitored
symptoms[36,38,41,44-46]; and 9 which provided psychological
support, information, advice or self-management strategies
[33-35,39,40,42,43,47,49]. For 2 studies, telehealth acted as a
form of communication between patients and HCPs at various
stages of their journey [37,48] and 5 interventions replaced
clinic visitsfor follow-up patients[30-32,50,51]. The majority
of studies were carried out in the United Kingdom (Scotland
and England; n=10). Otherswere conducted in the United States
(n=3), Sweden (n=2), Canada (n=2), Australia (n=2), China
(n=1) Hong Kong (n=1), and Singapore (n=1).

Regarding the aims of the 22 studies, 9 explored the views of
patients and health care professional s asto the use of telehealth
[30,41,44-48,50,51], 9 the experience of only patients
[31,32,34-36,38,40,42,43], and 4 the experience of both patients
and family members[33,37,39,49]. For 11 studies, the primary
aim was to test the acceptability and feasibility of telehealth
interventions [33-35,38,41-45,47,48]: 8 focused primarily on
the experience of intervention use [30-32,40,46,49-51], and 3
aimed to explore the potential benefits of telehealth [36,37,39].
Of the 22 studies, 8 were qualitative studies nested within larger
trials of telehealth interventions[30,34,38,40,46,47,49,51]. The
intervention was nurse-led in 16  studies
[30-32,34,36-41,43,45,47,49-51], with the remainder involving
other health care professional s such as doctors or psychologists.

Thematic Synthesis Findings

Three analytical themes encompassing patients' experience of
telehealth interventions emerged, with 3 descriptive themes
underpinning each of these:

Theme 1: I nfluence of Telehealth on the Disrupted Lives
of Cancer Survivors

This theme articulates how the remote nature of telehealth
limited the disruption to peoples’ lives. Cancer survivors across
many of the studies felt that their lives had been disrupted by
the disease. Tel eheal th interventions enabl e the management of
care remotely—away from the hospital environment—thereby
minimizing thisdisruption. Thisanalytical theme encompasses
3 descriptive themes: convenience, independence, and burden.

Convenience: “ At My Convenience’

Results suggest there is benefit of teleheath in terms of
convenience for cancer survivors, which allowed them to either
return to normal activities or limit the interruption to daily
routines. Ten studies reflected on this convenience in different
ways. In telehealth interventions where telephone contact was
used to replace face-to-face care, patients did not have to travel
into the hospital, thereby saving time and money, and reducing
the stress and burden of travel [30-32,50]. This level of
convenience was highlighted as especially important for those
with caring and work responsibilities [30,31,50]. Web-based
or email-based interventions were viewed as flexible as they
could be easily logged into at any time, meaning survivorscould
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make contact or complete activities when it suited them and
fitted into their lives [33,36,37,39,40,46]. Telehealth
interventions were easily integrated into daily routines.

Independence: “I Learned What | Could Do”

Studies reviewed suggested that telehealth can ater theway in
which survivors relate to HCPs. Remote consultations and
monitoring mean survivors have a sense of physica
independence, which puts an emphasis on self-care. Eight
studies reported that participants felt telehealth had educated
them about waysthey could improve or managetheir symptoms,
or raised their awareness of potential issuesto look out for with
regards to their disease [36,38,41,43-45,51]. Survivors were
given confidence to independently assess when they could
manage their own care and when they should call for help
[38,49]. In some cases, survivors reflected on their own data or
summary information produced from the intervention, which
motivated self-care efforts [45-47].

Burden: “Just OneMore Thingto Do”

If atelehedlth intervention is difficult to engage with or time
consuming, then it becomes a disruption in itself. Of the
Web-based interventions, 2 were seen as an extra burden for
survivors [36,48], while another study found that the online
weekly supportive intervention was perceived by survivors as
too time consuming [33]. In these studies, the possible
convenience and independence that telehealth could provide
was negated by these difficulties. “Burden” appearsin contrast
to “convenience.” These data suggest that survivors' telehealth
experiences are varied and complex; telehealth interventions
may have “tipping points,” where they become burdensome
instead of providing convenience.

Theme 2: Personalized Care Delivered From a Distance

This theme illustrates how telehealth can enable close and
personalized rel ationships between cancer survivorsand service
providers even though the technology is remote and functions
through physical distance. This perception of personalized care
is underpinned by 3 descriptive themes:. perception of personal
space, which is created by survivors engaging with health care
in their chosen environment, expanded sense of time that the
remote environment engenders, and the effect remote connection
has on the sense of human contact.

Space: “A Spacel WasMissing”

In telehealth interventions, cancer survivors experience a
different form of contact with their providers, engaging with
their care physically from their place of choice. Of theincluded
studies, 4 reported that remote communication gave them a
sense of spaceto focuson their concerns and needs asthey were
in afamiliar and relaxing environment [30,39,40,50]; whilein
another study where telephone follow-up replaced face-to face
care, participants reported a sense that they were moving on
and away from the hospital setting and its associations with
disease [30]. The invisibility and perceived anonymity that
telehealth provided reduced survivors sense of vulnerability,
and in some cases enabled patients to raise concerns remotely
that they would not have wanted to discuss face-to-face[40,47].
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Time: “Time Was Never an | ssug’

A prevalent theme reported across a number of studies (n=5)
wasthat by being away from the clinical environment, survivors
felt they had time to express their concerns and did not fedl as
rushed as they would have in a hospital setting [30-32,40,50].
Of theincluded papers, 3 focused on how communication with
HCPs was enhanced due to these perceptions of increased
availabletime[32,34,40]. Inthe 3 studiesreporting on telehealth
i nterventions using written communication, the medium seemed
to defy thelimits of time asthe communication could be written
or inputted at any point, and the response could be retained for
future reference [37,39,40].

TheHuman Factor: “1t Feels Impersonal”

Of the included studies, 9 reported that for some cancer
survivors, telehealth was perceived as impersona and lacking
physical human contact [30,33,37,39,42,45,46,48,50], and 4
reported that survivors had not met in person the HCP they were
connecting with via telehealth [30,39,42,50]. In some cases, a
preference to know the HCP was related to the need for
disclosure of personal and sensitive information [30,39].

The computer was highlighted as a particularly impersonal
medium [33]; one study using a Web-based system reported
that survivors were unsure whether their responses had been
read by providers [48], and 3 other studies discussed how
structured interventions were not tailored enough to survivors
individual symptoms and concerns [45,46,48]. However, for
other survivors, a structured format created a sense of security
that all issues would be adequately considered [30,48,50].

Theme 3: Remote Reassurance—A Safety Net of HCP
Connection

A common theme acrossthe studies wasthat survivorsfelt they
had immediate access to professional advice and that this acted
as a safety net in that possible issues with their treatment,
symptoms, or recovery would not be missed
[30-32,35-37,40,41,43-46,49,51]. This was supported by 2
descriptive themes. where survivors could make an active
connection with HCPs and where survivors felt passively
monitored by providers. A third descriptive theme detailed
instances when telehealth negatively affected the connection
with HCPs.

Active Connection: “I Can Always Get in Touch”

Eight studies reported that telehealth interventions helped to
reassure survivors by providing access to support and care
through an active connection to HCPs [30-32,35,40,41,49].
Even if that opportunity was not used, cancer survivors felt a
sense of safety knowing that they could make contact at any
time [40]. In the case of telephone follow-up, patients valued
the ease of being able to access a nurse between appointments,
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with rapid referral to the cancer service if needed [30,32]. This
connection helped survivors fee safe; HCPs could offer
reassurance at times of need or act swiftly to minimize any
problems or concerns. For others, telehealth provided a sense
of being cared for through the connection; somebody was at the
end of the line to provide support [35,41].

Passive Connection: “ Somebody to Keep an Eye on Them”

Eight studiesidentified how survivorsfelt monitored or watched
over by hedth professionals in teleheath interventions
[32,36,41,43-46,51], 5 studies reported on symptom
management telehealth interventions where survivors entered
data and HCPs responded when issues or problems arose
[36,41,44-46], whereas 3 studiesreported on interventionswhere
survivorsreceived phone callsfrom HCPs[32,43,51]. Contrary
to the previous theme, the survivorsin these interventions were
not required to actively initiate contact with an HCP and instead
were passively monitored. This perception of a“watchful eye”
contributed to a sense of reassurance and ultimately to a sense
that survivors were safe [45,46,51]. Patients felt that they were
in the hands of a professional—an expert—who would be able
to detect if survivors needed further tests, changesin medication
or further intervention, and would set this in motion
[32,40,43,44,51].

It is noteworthy that the reassurance provided by telehealth
interventions was enhanced by the sensethat telehealth provided
consistency and continuity of contact. A trusting relationship,
which extended “beyond the hospital boundaries’ [40], was
facilitated by this continuous contact [30,31,40,49]. While this
aspect of cancer care may not be unique to telehealth, the data
from these studies suggeststhat participants associate telehealth
with continuity and consistency and contrast this with some
impersonal clinical encounters[32].

Slipping Through the Net: “Missed the Connection”

The reassurance provided by the frequency and constancy of
contact with HCPs in telehealth interventions was jeopardized
in some studies [30,33,35,37,39,40,46,49,50]. In some cases,
this arose when survivors allocated to telehealth were unable
to engage with it due to particular personal circumstances, for
example, survivors with hearing issues in a telephone-based
intervention [35], or computer-based studies where survivors
had poor computer literacy [37]. In 2 studies it was reported
that technical issues in the telehealth intervention prevented
connection being made [33,46]. In these examples, there was
the sensethat survivors' concerns and issues might have slipped
through the net.

Tables 1-3list the studies reporting each of the above descriptive
themes by their respective analytic themes. Table 4 provides a
selection of quotes from participants to illustrate each theme.
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Table 1. Themesidentified in each study: influence of telehealth on the disrupted lives of cancer survivors.

Paper Convenience Independence Burden
“It didn’t really encroach” “1 learned what | coulddo”  “Just one more thing to do”

Beaver, Williamson, and Chalmers, 2010 [30] 0

Chamberset al, 2015 [35]

Chan et al, 2013 [36]

Cornwall, Moore, and Plant, 2008 [37]
Cox et al, 2008 [31]

Cox and Faithfull, 2015 [32]

Ferguset a, 2014 [33]

Hogberg et al, 2013 [39]
Head et al, 2011 [38]

Hogberg et a, 2015 [40] O

Kearney et al, 2006 [41] O
Kilbourn et al, 2013 [42]

Lai et al, 2015 [43] O
Livingston et al, 2006 [34]

Maguire et al, 2015 [44] ad

McCann et al, 2009 [46] O O
McCall et al, 2008 [45]

Ream et a, 2015 [47] O
Snyder et al, 2013 [48] O
Stacey et al, 2016 [49] O

Williamson, Chalmers, and Beaver, 2015 [50] 0

Zheng et a, 2013 [51] O

O 0o o o o o

8] indicates the theme was present within the paper.
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Table 2. Themesidentified in each study: personalized care delivered from a distance.

Paper Space Time The human factor
“A familiar and relaxing envi-  “Time was never an issue” “It feelsimpersonal”
ronment”

Beaver, Williamson, and Chalmers, 2010 [30] na O O

Chamberset a, 2015 [35]
Chan et a, 2013 [36]

Cornwall, Moore, and Plant, 2008 [37] O O
Cox et al, 2008 [31]

Cox and Faithfull, 2015 [32] 0

Ferguset al, 2014 [33] ad
Head et al, 2011 [38]

Hogberg et al, 2013 [39] g ad ad
Hogberg et a, 2015 [40] O O

Kearney et al, 2006 [41]

Kilbourn et al, 2013 [42] O
Lai et al, 2015 [43]

Livingston et al, 2006 [34] O

Maguire et al, 2015 [44]
McCall et al, 2008 [45]
McCann et al, 2009 [46]

Ream et d, 2015 [47] O
Snyder et al, 2013 [48] 0
Stacey et al, 2016 [49]

Williamson, Chalmers, and Beaver, 2015 [50] g ad ad

Zheng et al, 2013 [51]

8: indicates the theme was present within the paper.
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Table 3. Themesidentified in each study: remote reassurance-a safety net of health care professionals (HCPs) Connection.

Paper Active connection Passive connection Slipping through the net
“I can always get in touch” “Somebody to keepaneyeon “Missed the connection”
them”
Beaver, Williamson and Chalmers, 2010 [30] na O

Chamberset a, 2015 [35]

Cornwall, Moore, and Plant, 2008 [37]
Chan et a, 2013 [36]

Cox et al, 2008 [31]

Cox and Faithfull, 2015 [32] g ad

Ferguset a, 2014 [33] O
Head et al, 2011 [38]

Hogberg et a, 2013 [39]

Hogberg et a, 2015 [40] g ad

Kearney et al, 2006 [41]

Kilbourn et a, 2013 [42]

Lai et al, 2015 [43)] O
Livingston et al, 2006 [34]

Maguire et al, 2015 [44] O

McCall et al, 2008 [45] O

McCann et a, 2009 [46] O 0

Ream et al, 2015 [47]

Snyder et al, 2013 [48]

Stacey et a, 2016 [49] 0

Williamson, Chalmers, and Beaver, 2015 [50]

Zheng et al, 2013 [51] O

8] indicates the theme was present within the paper.
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Table 4. Quotations from participants from primary studies to illustrate each theme.

Analytic themes Descriptive themes Quotations from participants in primary study

Influence of telehealthon  Convenience: “Because I’ m still working, I'm self-employed and | travel al over the country... and
the disrupted lives of can-  «¢ gign' really encroach” it's difficult sometimes to be at a hospital at a certain time. So that was good.” [30]
cer survivors

“It was very easy, it was very ssimple to do and eh, it didn’t really encroach on lifestyle
or anything like that at all, just had to remember to do it (laughs), set the ‘pinger’ on
the cooker.” [46]

“1 haven’t got a car so I'd have to take two buses you see to go to the hospital. When |
get to the hospital | have about an hour and a half wait in the waiting room. And | go
see the doctor, 2 min and I'm out again.” [50]

Independence: “Itis educational in the sensethat | have an overall view about the side effect of

“I learned what | could do”  chemotherapy.” [36]
“| learned what | could do to make myself feel better” [38]
“1"'m one of those people that likes statistics and humbers and things...and you could
seeon Tuesday | must have been quite bad...the graph’sright up and then it'sback down
to normal today...” [45]

Burden: “We have very limited free time available and found it difficult to finish the lessons

“Just one morethingtodo” ~ Within aweek.” [33]

“It really was just one more thing to do. | didn’t feel that good alot of thetimeso | re-
aly didn’t feel like doing one more thing. But | did it because | had to.” [48]

Personalized care deliv- Space: “It is much more relaxed to know that you don’t have the alien thing of the hospital.
ered from a distance “A familiar and relaxing envi-  YoU can haveit in your home (tel gphonefolnl ow-up). You haveit at work. You can have
ronment” it on your mobile if you want sat in the car.” [30]
Time: “| felt that time was never an issue, that whatever | wanted to talk about, it was relevant.

“Timewas never anissue’  Thetimewas given and it was discussed and that was good.” [32]
“It has also been very nice with awritten response. You can read it several times.” [40]

“Quite happy. | did feel that | perhaps gleaned more information, | didn’t feel rushed
or anything. And |I'm sure that | sort of gleaned more information from my colorectal
nurse than | would have perhaps done in aclinic situation.” [50]

Human factor: “1f | should share my innermost thoughts, I'd probably like to have somekind of relation
with the person I’ m writing to. Otherwise, | need to know exactly what I’ m asking for.”
[39]

“But there was things | thought — noo, that’s how | feel and that’s what I've got but
they’re no asking that, so | could nae put it doon, do you know what | mean.” [46]

“It feelsimpersonal”
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Analytic themes

Descriptive themes

Quotations from participants in primary study

remote reassurance-asafe-
ty net of hedlth care profes-
sionals (HCPs) Connection

Active connection:
“| can always get in touch”

Passive connection:

“ Somebody to keep an eyeon
them”

Slipping through the net:
“Missed the connection”

“The sessions hel ped me because there was somebody on the end of thelinewhenyou're
having adown day. And | mean if you're having adown day you can ring them. You
know it's not like you're alone in the world.” [35]

“1 used to make myself little cards that | carry round with me, one in my handbag, one
at home here and onein my filing cabinet at work, so if | ever felt | needed to ring her
up I've got ... ready access.” [32]

“It’'sreally good to just have the opportunity lying there, | do not have to useit, but just
knowing that there is a possibility is a security. That | can ask has been an incredible
relief.” [40]

“It was quite positive. It was quite reassuring; you did feel that you were being monitored.
You didn’t think if you put in those symptoms that you would dlip through the...you
know that if you had really worrying symptoms you would have slipped through the
system. Somebody would have picked it up.” [46]

“Well asfar as| am concerned yes, because it was very helpful because | had this bad
cough and 1 or 2 alerts came up and the nursing staff at the other end wereimmediately
onto it the fact that we were in contact with the hospital very much quicker than we
would beif we'd waited and maybe even phoned.” [44]

“1 found it hel pful and interesting. It made mefeel that my existence had some purpose...|
think it is something which ought to be continued. It does make people feel they are
being looked after...and somebody is keeping an eye on them.” [45]

“| felt safe and reassured because the hospital staff followed up with me like akitein
their hand, so that | would not fly away.” [51]

“1 havetrouble on the phone, | have dreadful trouble with the mobile. Just mainly because
of the complications with the hearing.” [35]

“| got an answer that...made me...made merealize | had not put it (theissue) in theright
way, and then | realized that | cannot sort this out, via this communication...with such
long intervals” [40]

“| did missthe camaraderie that you get from other patients. And, of course, what tends
to happen when you go on hospital visitsis that you tend to be there at the same time

as the other people who had their ops (operations) with you.” [50]

Summary of Synthesis

The analytical constructs that have emerged through this
qualitative synthesis demonstrate the complex experience of
telehealth use in cancer survivorship. Telehedth can be
experienced positively in terms of supporting a less disrupted
life through providing convenience and independence to live
life as a survivor rather than a patient. However, in order to
embrace a more independent role, a trusted relationship with
an HCP is crucial. This highlights an interplay for cancer
survivors between appreciating the opportunity for home-based
care and the reliance upon instant access to clinical support.
Such interplay al so exists between the convenience of such care
and the increased responsibility, and potential burden, placed
upon the survivor.

Discussion

Overview

Thispaper isthefirst to metasynthesi ze the reported experiences
of cancer survivors who have participated in telehealth

http://www.jmir.org/2017/1/e1l/

interventions. From the analysis, 3 key analytic themes and 9
descriptive subthemes emerged, showing that telehealth
interventions in the area of cancer care represent a convenient
approach, which can reduce treatment burden and disruption to
cancer survivors lives. Our findings suggest that while
telehealth interventions can facilitate an experience of
personalized care for those living with and beyond cancer,
interventions need to take personal factors into account so as
to maximize benefit and minimize burden. The relationship
between these themesis presented in amodel (Figure 2) which
summarizes our findings on cancer survivor experience of
telehealth. Each of the analytical themes is presented in the
center, and their descriptive themes on either side represent the
factors inhibiting (left) or facilitating (right) the positive user
experience of telehealth. These themeswill be discussed bel ow
in the context of current literature.

JMed Internet Res 2017 | vol. 19 |iss. 1 |el1 | p.138
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Cox et a

Figure2. A model of cancer survivor engagement with telehealth—factors inhibiting and facilitating positive user experience.
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Principal Findings

The first analytic theme pertains to the concept of the cancer
survivors  disrupted life. Biographical disruption is a
well-known consequence of chronic illness [52], and
consistently in the literature cancer patients emphasize their
desire to return to, and lead a life as “normal” as possible
[53-59]. Yet there are a number of obstacles in the cancer
survivor's journey that can limit the ability to achieve this,
particularly treatment burden [ 60]—an emerging concept within
the chronic conditions literature including cancer [61]. Key
sources of increased treatment burden for patients with chronic
conditionsinclude fragmented or poorly organized carelacking
in continuity [62-65], poor communication with or between
HCPs, barriers to accessing services, or insufficient time with
health care professionals [63-65]. Our qualitative synthesis
suggests that many of the above issues can in principle be
addressed to some extent by teleheadth provision, as
demonstrated by the themes pertaining to time, convenience,
and connection to HCPs. With treatment burden minimized and
integrated into daily routines, biographical disruption from
cancer survivorship becomes easier to address.

However, some cancer survivors experience telehealth as
time-consuming [33] or as an additional burden [36,48], as
reflected by one of the key issues facing telehealth provision:
balancing benefit against burden. Thisissue hasbeen highlighted
in similar qualitative syntheses on telehedth interventions
among patients with chronic conditions, for example, chronic
obstructive pulmonary disease (COPD) [66]. To be successful,
a telehealth intervention must balance any burden posed by
technology and remote monitoring against the benefits of
convenience and independence, as depicted in Figure 2.
However, only 3 studies included in this review identified
perceived burden resulting from the use of telehealth, and these
consisted of trialing remote symptom reporting [36],
patient-reported outcome compl etion [48], or Web-based coping
or adjustment therapy [33], al requiring daily or weekly
engagement with theintervention. Thiswould suggest that while
the magjority of telehealth interventions included within our
review were acceptable to cancer survivors in terms of the
perceived balance of burden versus benefit, the required
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frequency of reporting or engaging with tel ehealth interventions
is an important factor to consider in intervention design.
Involvement of service users in the early stages of telehealth
intervention design may be one way of ensuring this balanceis
maintained.

The second analytical theme represents the concept of
personalized care from a distance. Enabling care within the
home can offer benefits such as a familiar and relaxing
environment within which to interact with an HCP, and the
sense that the focus of care can shift toward the patient’s
preferences and needs[67]. Thisis supported by this synthesis,
as the feeling of having more time to communicate concerns
was reported within 5 of the studies reviewed [30-32,40,50].
These results align with a recent metasynthesis identifying
longer appointment times as being more accessible outside of
the hospital care setting [68]. However, these advantages of
telehealth are also accompanied by a certain feeling of
remoteness, with survivors in some studies considering
telehealth interventions (particularly computer or Web-based)
to be impersonal or lacking in human contact, with patients
feeling unsure whether anyone was “out there” listening to their
submitted responses [48]. The issues of space, time, and
impersonality are subsequently connected to personalized care
in Figure 2.

This synthesis shows cancer survivors can experiencetelehealth
interventions as lacking the “personal touch,” even when they
are augmenting [33,37,39,42,45,46,48] rather than replacing
[30,50] routine care. Nonetheless, some studies reviewed
demonstrated that survivors were able to develop trusting
relationships with HCPs via the telehealth medium
[30,31,40,49], and other studies of telehealth interventions have
demonstrated the capacity for such relationships to develop
[69-71]. In addition, cancer survivors found they could more
easily raise concerns with their HCP remotely, concerns that
they would otherwise feel uncomfortable to discussin person
[40,47]. It can therefore be argued that personalized care, as
enabled by telehealth interventions, can potentially provide
reassurance and control to patients—that they can havethetime
and space to focus on articulating their health concerns.
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This heterogeneity in the study findings pertaining to
personalized care could be down to a number of factors, such
as the method of delivering the intervention. For example, 4 of
the 10 studies where patients reported a sense of impersonality
intelehealth did not provide the opportunity to cancer survivors
to meet their telehealth professional face-to-face prior to
intervention delivery [30,39,42,50], despite face-to-face meeting
being considered beneficial to promoting user engagement [72].
Another potential factor to consider is the population targeted
within the included studies. In many of the studies where
survivorswere able to devel op atrusting relationship with their
HCRP, the cancer survivors were relatively young, in their 20s
and 30s (Multimedia Appendix 2). It could thus be argued that
individuals who regularly use Web- or computer-based
communication mediums may feel more comfortable with
telehealth remote contact, and subsequently may find it easier
to develop a relationship with their HCP. However, some
concerns about ability to use technology in atelehealth context
can be unfounded [73], and a case-by-case approach may be
necessary to ensure that patients who struggle with technology
can be provided some telehealth training so that they do not
miss out. Overall, further exploration is required of the steps
that need to be taken to encourage cancer survivors to develop
atrusting relationship with telehealth care providers.

Further to the second analytic theme of “personalized care,’
some survivorsfelt that tel ehealth interventions using structured
symptom or patient-reported outcome questionnaires or
providing self-care information were not sufficiently tailored
to their circumstances [45,46,48], contributing to the sense that
the intervention was impersonal. The advantage of a structured
approach, for example, standard questionnaire items, is that it
allows patients to know what symptoms they need to report. In
the literature there are instances whereby chemotherapy
symptoms were under-reported due to differences in self-care
approach [74], or knowledge gapsin whether asymptomisdue
to cancer or the treatment received for the cancer [75,76].
However, some other studies included in our synthesis found
that the structured format for logging responses was reassuring
for survivors[30,48,50]. Asfindings are equivocal in this area,
measures used in telehealth interventions may need to undergo
a more iterative development process in order to increase
personalization. This synthesis did not focus on the design
process of telehealth interventions, but involvement of patients
during this process, as discussed previously, could facilitate
personalization. Ventura et a [77], in their evaluation of
characteristics of eHealth supportive interventions (mainly in
cancer), found that only 5 of 16 studies assessed had based
intervention development on the needs assessment of the target
population, indicating that consideration of individual needs at
the early stages of telehealth development is still limited.

Thefinal analytical theme identified was that of a“safety net”
that cancer survivors felt was provided by either an active or
passive connection to HCPs. Instances of active connection
enabled the survivor to initiate the contact to receive support
or advice, while passive connections such as responses to
symptom or patient-reported outcome questionnaires, or routine
telephone follow-up, were initiated by the HCP. This lead to
survivorsfeeling reassured that they were being monitored, that
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medical assistance would be swift where it was deemed
necessary, and that they could actively raise concerns. However,
such connections may induce over-reliance on HCPs, potentially
affecting cancer survivors autonomy and control. The risk for
such dependency has been highlighted in recent reviews on
telehealth in COPD [66] and chronic heart failure[78]. To date,
there are no studies indicating the occurrence of any adverse
events resulting from use of telehealth interventions in cancer
care, therefore the dangers of this kind of dependency are
unknown and represent an area for further evaluation. Given
some instances highlighted in this review where survivors felt
they may have “dlipped through the net” due to technical
problems [33,46] or not knowing whether their responses had
been seen [48], ensuring consistency of monitoring during
telehealth interventions is important, and steps can be taken to
improve videoconferencing call quality and connection quality
[79].

Thissynthesisindicatesthat telehealth interventions can provide
cancer survivors with the necessary support they need to feel
safeto managetheir condition within their chosen environment.
Thefindings can also be considered in terms of the person-based
approach put forward by Yardley et a [80] for facilitating
acceptance of eHealth interventions. promoting autonomy,
competence (minimal disruption and achievement of
self-regulation), and a positive experience of relatedness. Our
findings suggest that the use of telehealth interventions with
cancer survivors can facilitate autonomy and reduce disruption,
and positive HCP relationships can be facilitated by remote
monitoring. Thus, telehealth has the potential to address these
needs. However, further research should address the
personalization of telehealth, how to facilitate trusting
survivor-HCP relationships, and how to mitigate the risks of
dependency.

Limitations

Only studies conducted since 2006 were included in this
synthesis to capture the exponential increase in telehealth
interventions over the past 10 years[83]. Therefore, the findings
from our qualitative synthesis may not reflect cancer survivor
experience of earlier telehealth interventions. Secondly, the
ethnicity of participants was rarely reported—although studies
contained amix of cancer types, broad age ranges, and included
all stages of disease from newly-diagnosed to the palliative care
stages; people from black and minority ethnic groups may not
have been adequately represented. Other demographic datasuch
as languages spoken, health literacy level, presence or absence
of cognitive impairment, and education level were also not
reported in many studies, thuslimiting our understanding of the
experience of cancer survivors from underrepresented cultural
and socio-economic groups. Similarly, due to the clinical
heterogeneity of the samplesincluded, it isnot possibleto draw
conclusions regarding specific cancer types, disease stages, or
age ranges that could benefit in particular from telehealth
interventions.

The studies reviewed covered different disease stages,
demonstrating that telehealth can support patients at any point
intheir cancer journey. It is noteworthy that overall the patients
did not comment on the timing of the intervention, nor on its
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duration. Many of the survivors engaging in telehealth only do
sofor arelatively short period of time, with just 2 studies[30,32]
engaging survivors with the telehealth intervention for 2 years
or more. As a result, there was little data overall on the
long-term experience of engagement with telehealth
interventions for this group.

Arguably, other important factors might impact on cancer
survivors experience of telehealth such as treatment stage, or
the health care professional groups who are points of contact
for the intervention. The conclusions drawn by this
metasynthesis are limited by the research conducted to date
which did not enable these factors to be addressed. Future
research on telehedth interventions should explore the
experience of cancer survivors at different stages of
survivorship, and the impact of the HCPs monitoring these
interventions on the experience of cancer survivors.

For 6 studies[31,33,36,37,41,49], qualitative datawas collected
only using open-ended survey questions, limiting the
conclusionsthat could be drawn from survivor responses when
compared with other studies which provided richer data. This
synthesis only considered the experiences of adult cancer
survivors who had participated in telehealth. Future reviews
could a so consider the experiences of HCPs, carers, or children
and young adults, and the involvement of all these groups in
the intervention design process. Research reporting the
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experiences of individuals who choose not to engage with
telehealth or withdraw from interventions could also be explored
to enhance understanding of the barriers to engagement in
telehealth.

Conclusions

This thematic synthesis supports the value of telehealth as a
convenient and reassuring approach to delivering cancer care,
which can minimizetreatment burden and subsequent disruption
to cancer survivors' lives. Asto how thissynthesis could inform
the development of future telehealth interventions, we would
suggest that telehealth developers should balance the use of
standardized patient outcomes measures with the introduction
of more specificaly tailored measures to minimize any sense
of impersonal care. Furthermore, telehealth interventions need
to be developed to balance benefit of remote monitoring and
communication against burden, and consider survivor
needs—perhaps through their involvement in the early stages
of intervention design. The themes identified in the study are
echoed in the existing literature on tel ehealth both in cancer and
other long-term conditions. The model developed as part of this
review therefore has the potential to not only facilitate
understanding of the patient experience of telehealth in other
conditions, but to guide the design of telehealth interventions
in these areas to avoid factors that inhibit positive user
experience, thereby improving tel ehealth engagement.
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Abstract

Background: Patient-centered design that addresses patients’ preferences and needsis considered an important aim for improving
health care systems. At present, within the field of pain rehabilitation, patients’ preferences regarding telerehabilitation remain
scarcely explored and little is known about the optimal combination between human and electronic contact from the patients
perspective. In addition, limited evidenceis avail able about the best way to explore patients' preferences. Therefore, the assessment
of patients’ preferences regarding telemedicine is an important step toward the design of effective patient-centered care.

Objective: Toidentify which telerehabilitation treatment options patientswith chronic pain are most likely to accept as aternatives
to conventional rehabilitation and assess which treatment attributes are most important to them.

Methods: A discrete choice experiment with 15 choice tasks, combining 6 telerehabilitation treatment characteristics, was
designed. Each choice task consisted of 2 hypothetical treatment scenarios and 1 opt-out scenario. Relative attribute importance
was estimated using a bivariate probit regression analysis. One hundred and thirty surveys were received, of which 104 were
usable questionnaires; thus, resulting in atotal of 1547 observations.

Results: Physician communication mode, the use of feedback and monitoring technology (FMT), and exercise location were
key driversof patients treatment preferences (P<.001). Patientswere willing to accept less frequent physician consultation offered
mainly through video communication, provided that they were offered FM T and some face-to-face consultation and could exercise
outside their home environment at flexible exercise hours. Home-based telerehabilitation scenarios with minimal physician
supervision were the least preferred. A reduction in health care premiums would make these telerehabilitation scenarios as
attractive as conventional clinic-based rehabilitation.

Conclusions: “Intermediate” tel erehabilitation treatments offering FM T, someface-to-face consulting, and agym-based exercise
location should be pursued as promising alternatives to conventional chronic pain rehabilitation. Further research is necessary to
explore whether strategies other than health care premium reductions could also increase the value of home telerehabilitation
treatment.

(J Med I nternet Res 2017;19(1):626) doi:10.2196/jmir.5951
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Introduction

Chronic Pain and Treatment

Chronic pain is considered a major public health problem.
Breivik et al [1] explored the prevalence of chronic painin 15
European countries and Israel and found that 19% (N=8.815)
of their study sample suffered from chronic pain varying from
moderate to severe intensity. Due to an aging society, it is
expected that the prevalence of chronic pain may rise even
higher, as chronic pain prevalence is greater in older adults
[2,3]. Chronic pain often interferes with family and home
responsibilities, recreational activities[1], and sleep [4], and it
is linked with an increased risk of depression [5]. In addition
to the physical and emotional burden chronic pain brings, it
accounts for considerable direct health care costs, including
costs related to tests, medication, and treatment, as well as
indirect costs such aslost income and reduced work productivity
[6]. In European countries, pain is estimated to cost economies
between 3% and 10% of gross domestic products[4], resulting
in an estimate of at least €140 billion [7].

Physical training has been proven to decrease pain and improve
function [8-10] and therefore plays an important rolein current
(multidisciplinary) pain rehabilitation programs. The majority
of these programs are clinic-based and supervised [ 11]. Although
conventional rehabilitation programs are effective, poor
adherence and high relapse have been shown to compromise
the effectiveness of these programs[11-14] and as such lead to
increased costs[15].

Patient-Centered Design

An important factor in facilitating treatment adherence is the
design of patient-centered treatment programs [16-18]. The
Ingtitute of Medicine defines patient-centered care as* providing
care that is respectful of, and responsive to, individual patient
preferences, needs and values, and ensuring that patient values
guide al clinica decisions’ [19]. The concept of
patient-centered care has received increased attention in recent
yearsand is considered an important aim for health care system
improvement [19,20].

Clinical guidelines for the management of chronic pain follow
up on this patient-centered approach and recommend that patient
preferences should be considered and that treatment programs
should be individualized [21]. The underlying assumption is
that by designing programs that address patients' preferences
and beliefs, treatment adherence will improve[22]. In addition,
there is evidence that patient preferences affect treatment
outcome. A systematic review found an increase in the
effectiveness of the treatment among participants in
muscul oskeletal medicinetrials, who were randomized to their
preferred treatment compared with those who were indifferent
to thetreatment allocation [23]. In addition, patients' preferences
should be respected on the basis of moral grounds alone
regardless of their relationship to the health outcomes [24].

http://www.jmir.org/2017/1/e26/

The assessment of chronic pain patients preferences is,
therefore, a necessary first step toward the design of
patient-centered pain rehabilitation programs that help better
meet patients’ needs. The gap between what patients prefer and
what is offered can be identified, and treatment may be
optimized [22].

One method to estimate patients preferences is the use of a
discrete choice experiment (DCE). A DCE is a preference
elicitation methodol ogy that isbeing increasingly used in health
care research [25,26]. Respondents are offered a series of
choices between 2 or more treatment alternatives, described by
acombination of trestment attributes, and choose their preferred
treatment. Analysis of these choices alows for the estimation
of the relative importance of treatment attributes. A DCE can
assist in prioritizing health care resource alocation, as it
provides a better understanding of the factors that are most
important to patients and can be used to inform patient-centered
telerehabilitation design. In addition, the use of DCEs is
especialy valuable in the context of innovative treatments, for
example, chronic pain telerehabilitation treatment, asit allows
for the estimation of patients’ preferencesfor multiple treatment
scenarios that do not yet exist.

Telerehabilitation

In recent years, the use of telerehabilitation, providing remote
delivery of rehabilitative services through Internet and
communication technology, has been steadily increasing [27].
Systematic reviews have demonstrated that telerehabilitation
has small but significant effects on pain experience and
reduction in functional disability [28-30]. A review by Kairy
et al [27] concluded that telerehabilitation can lead to clinical
outcomes that are similar to those of traditiona rehabilitation
programs. Telerehabilitation is considered a promising
aternative strategy next to conventional clinic-based
rehabilitation programs, asit can facilitate access and adherence
to health interventions [31]. Since pain rehabilitation involves
changes in often long-lasting persona behavior and lifestyle,
it is important that patients are able to use the acquired skills
outside of the rehabilitation clinic. However, as most
rehabilitation programs are supervised and provided in clinics,
they may not be conducive to fostering maintenance or
compliance in patients natural environments [11].
Telerehabilitation, offering care in the patients' environment,
can be a better fit with the patient’s lifestyle, and by doing so,
trangation of the acquired skillsinto the patients’ environment
will become easier [16,32]. Furthermore, tel erehabilitation has
the potential to foster patient self-management [33]. For
example, performance can be monitored and feedback can be
provided on progress without the real-time involvement of a
therapist, which perhapswill empower patientsto take an active
role in their own rehabilitation [34]. Self-management is
especialy encouraged in patients with a long-term condition
such as chronic pain and has been shown to improve patient
outcomes[35]. International clinical practice guidelinesendorse
the promotion of self-management behavior, including physical
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activity, for chronic pain patients as an important component
of care[21,36]. In asystematic review, Liddle et al [37] found
that educating chronic pain patients about appropriate exercise
and function activity to promote active self-management is
effective.

At present, within the field of pain rehabilitation, patients
preferences of telerehabilitation remain scarcely explored and
little is known about the optimal combination between human
and electronic contact from the patients’ perspective. In addition,
limited evidence is available about the best way to explore
patients preferences. To our knowledge, this is the first study
in the field of telemedicine that uses a DCE to explore what
patients want as well as explore their priorities. As
telerehabilitation represents a fundamental change from
conventional treatment programs, it is vital to understand
patients preferences, and DCEs may prove to be invaluable,
asthe market potential of different prospective telerehabilitation
services can be simulated.

Therefore, this study aims to identify chronic pain patients
preferences for telerehabilitation services using a DCE. The
primary objective is to determine what treatment attributes are
most important to chronic pain patients and identify which
telerehabilitation scenario chronic pain patients are most likely
to accept as an alternative to conventional rehabilitation.
Conventional rehabilitation was described as physical activity
through supervised group exercise a the clinic. The
telerehabilitation scenariosthat were explored varied at different
levels, alowing exploration of the potential benefit of
telerehabilitation. Jansen-Kosterink [38] statesthat the potential
value of telemedicine services depends on the technol ogy used,
theclinical purposeit serves, and how the telemedicine service
isimplemented in daily clinic practice (service configuration).
To that end, the scenarios explored different types of technology
used for different clinical purposes (eg, monitoring or coaching)
and also explored different methods of service configuration
(eg, clinic-based care or home-based treatment). The scenarios
represented a continuum of health care services ranging from
clinic- based rehabilitation to home-based telerehabilitation
with a focus on patient self-management. Furthermore, a
willingnessto accept (WTA) was estimated to explore whether
patients were willing to trade health care premium reduction
for more resource-efficient tel erehabilitation trestments. To our
knowledge, thisisthefirst study inthefield of telerehabilitation
to assess patients' preferences with a DCE.

http://www.jmir.org/2017/1/e26/
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Methods

Study Design

Implemented as part of alarger survey that explored patients
attitudes toward telerehabilitation, patients preferences for
hypothetical telemedicine treatments were elicited using a
self-administered discrete choice survey. The discrete choice
experiment followed the International Society for
Pharmacoeconomics and Outcomes Research (1 SPOR) checklist
[39] on patient-preference methods. The following steps were
taken: (1) identification of the key treatment attributes and
assignment of levels to the attributes; (2) design of the
experiment and determination of hypothetical treatment
scenarios using various combinations of attributes and levels;
(3) choosing an elicitation format and obtaining choice datain
patients; and (4) analysis of the choice data. These steps are
described in the following section.

Identification of Key Attributes of Telemedicine
Treatment and Assignment of Levels

Qualitative interviewswith 10 chronic pain patients (6 females,
mean age 41.0 years, with pain complaints lasting longer than
6 months) and an expert focus group with 6 professionals (4
rehabilitation therapists, 1 nurse practitioner, and 1 rehabilitation
doctor) were used to select the following attributes (Table 1)
for inclusion in the survey: (1) treatment mode and location,
(2) physician contact mode, (3) physician contact freguency,
(4) feedback and monitoring technology, (5) program flexibility,
and (6) health care premium reduction. The health care premium
reduction attribute was used to estimate a“ willingnessto accept”
value. This value represented a reduction in health care
premiums and was used to explore whether patientswerewilling
to trade more expensive conventional rehabilitation servicesfor
premium reductions.

Using the 6 attributes, a pilot questionnaire was devel oped and
tested on 15 patients (11 females, mean age 42.5 years, with
pain complaints lasting longer than 6 months) attending
treatment in the rehabilitation clinic. In the pilot, data were
collected on the time taken to complete the questionnaire and
the patients' understanding of the questionnaire. Only minor
adaptations were made after the pilot tests, in particular
regarding the wording of the attributes.
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Table 1. Treatment attributes and levels used to construct the rehabilitation scenarios.

Attribute

Levels

Treatment mode and location

Physician contact mode

Physician contact frequency

Feedback and monitoring technology

Program flexibility

Health care premium reduction

You exercise in agroup at the gym

You exercise individually at the gym

You exercise individually at home

You exercise in avirtual group at home

All physician contact takes place at the clinic face-to-face

One quarter of your physician contact through Web camera
Three-quarters of your physician contact through Web camera
All your physician contact takes place through Web camera
Every exercise session you will have physician consulting
Once per 2 exercise sessions you will have physician consulting
Once per 3 exercise sessions you will have physician consulting
Once per 4 exercise sessions you will have physician consulting
Use of technology—feedback and monitoring of your exercises
No technol ogy—feedback and monitoring of your exercises
Fixed exercise times

Flexible exercise times

No discount

€50 discount

€150 discount

€450 discount

Survey Format and Scenario Development

Patientswere offered 15 choice sets consisting of 2 telemedicine
treatment scenarios and 1 opt-out scenario. They were asked to
choose their preferred scenario. The scenarios comprised short
statements based on the treatment attributes described earlier.
Figure 1 represents a questionnaire example. The choice
guestions were designed to mimic the “rea” choices, and as
such, the opt-out option wasincluded to ensure that the patients
were not forced to make a choice between treatmentswhen they
might choose neither in practice. The attributes and levels in
this study (4 attributes with 4 levels and 2 attributes with 2
levels) resulted in a total of 1024 hypothetical treatment
scenarios. For practical reasons, not al of these could be

http://www.jmir.org/2017/1/e26/

presented to each respondent. Hence, we employed acommonly
used D-optimal experimental design algorithm, which reduced
the number of choice setsto the smallest number of choice sets
required to generate statistically efficient preference estimates
for thetreatment attributesincluded. Thisresulted in aso-called
fractional factorial design, using 3 versions of the questionnaire,
which explored 45 choice sets in total. The resulting
guestionnaire design was orthogonal and balanced in terms of
the number of times each level of an attribute was seen in a
scenario. Subjects were randomly assigned to a questionnaire
version. Sawtooth software (Sawtooth Software Inc) was used
to design the choice tasks. Prior to choosing between treatment
scenarios, all attribute levels were described to the patients.
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Figure 1. Questionnaire example.

Cranen et al

Your therapist offers you a choice between exercise program A and B. Which program do you prefer:

/ Rehabilitation program A \
You will exercise individually at home

Every exercise session you will receive physician

consulting

Three-quarters of your physician consulting takes
place at home through webcamera; one quarter

takes place at the clinic face-to-face

You will use technology - feedback about your
movements and your physician is able to monitor

your exercises

Flexible exercise times

Qeuro discount on healthcare premiums /

Choice of rehabilitation program:

(Please tick one box only)

/ Rehabilitation program B \
You will exercise in a group at the clinic

Once per 4 exercise sessions you will receive

physician consulting

All your physician consulting takes place at the

clinic face-to-face

You will not use technology — no feedback about
your movements and your physicianis not able to

monitor you exercises

Fixed exercise times

Qdiscount on healthcare premiums /

I:I Rehabilitation program A

I:l Rehabilitation program B

I:’ Neither — | choose not to be treated at the rehabilitation center

Survey Administration

Patients in this study were recruited from a waiting list of a
rehabilitation center. These patients were waiting to enroll in a
group-based supervised exercise program, which was part of
the multidisciplinary pain rehabilitation program. In total, 300
guestionnaireswere administered per mail. Questionnaireswere
sent to patients home along with their invitation for a
physician-led interview at the clinic. They were asked to return
the completed questionnaire during theinterview. Subjectswere
included if they were 18 years or older. Respondents did not
receive incentives.

Consistency Tests

In addition to the 15 choice sets, 3 fixed choice sets that were
not included in analysiswere presented to test patients' response
consistency and assess the internal validity of the
stated-preference data. Validity was tested in 2 ways. The first
was to include a choice set that presented a dominant scenario
to assess whether patients chose the treatment scenario with the
best treatment attributes. In this choice set, all treatment
attributes of both scenarioswere kept the same, except for WTA.
Second, 2 choice sets were included that presented identical

Textbox 1. Functions.

scenarios in reversed-order scenarios (“mirror set”). Patients
who were inconsistent on both of these validity checks were
excluded from the analysis.

Model Estimation

The choice between the 2 aternative scenarios and the status
guo can be seen as 2 choices simultaneously: first, the patient
chooses between the status quo and telemedicine treatment, and
second, the patient chooses between alternatives A and B. These
2 choices may depend on each other; that is, depending on the
levels of the telemedicine treatment, the preference between
status quo and telemedicine may change. We only observe the
choice between the 2 telemedicine treatments when the status
guo is not chosen; consequently, we will have complete
observations of thefirst choice but a selected (censored) sample
for the second choice. Thesetypes of data can be analyzed with
a bivariate probit model with sample selection [40]. Patients
utility for a telemedicine scenario is specified as linear in
treatment attributes, and the utility of no treatment is an
aternative- specific constant. Categorical test attributes were
effects coded, and WTA was treated as a continuous variable.
Accordingly, 2 functions were used (Textbox 1).

Vtreatment= Bgroupgym X Dgroupgym+ Bi ndividual gym>< Dindividual gym+|3i ndividual home* Dindividualhome* Bgrouphome>< Dgrouphome+l3100%webcamera
x DlOO%webcamera+B75%webcamerax D75%webcamera+[325%Webcamera>< D2svewebcamerat Bconsul tingeverysessi on*Dconsulti ngeverysessi ont Bconsul tingper2sessions
%D consulti ngper2sessi onst Bconsulti ngper3sessions™ Dconsulti ngper3sessi ons"’BFeedbackM onitoringTechnology* DFeedbackMonitori ngTechnol ogy"' Bfi xedsessions
X Dfixedsessions* Briodiscount™ Pnodiscount +B5%di scount Psvdiscount * P15%discount* D 1596di scount +Etreatment

V no-treatment=(Bo + Bmale*B<4s5 years™Beducation™ Bworkhours™ Binternet) X Dno-treatment *€no-treatment

TheV yeament B Parametersrepresent relativeimportance weights,
where larger values suggest more preferred attributes.
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Patient-specific characteristics are constant for any pair of
treatment alternatives and cancel out the utility differences
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unlessthey areinteracted with the uptake parameter. Therefore,
patient characteristics were interacted with D g.ireatment: Which
represents a dummy indicating that the respondents chose the
“non-option.” The parameters indicate the effect of patients
characteristics on telemedicine treatment uptake. The error terms
Eireatment AN variable €. yreament FEPresent the part of the utility
that is unobservable, and these error terms may be correlated
with correlation p. The following patient characteristics were
included in the final regression model: gender, age, education,
Internet experience, and work hours.

Therelativeimportance of the trestment attributesis represented
by the coefficient estimates of the bivariate probit model. With
these estimates, uptake of hypothetical tel emedicinetreatments
can be predicted for different levels of incentives and other
treatment attributes. For ease of presentation and interpretation,
the model results were rescaled from 0 to 10 using a linear
transformation of 3 coefficients from O (least desirable level)
to 10 (most desirablelevel). Datawere analyzed with heckprob
function in Stata 11.2 (Statacorp).

Scenario Comparison of Telerehabilitation Treatment

As well as the individual treatment attributes, patients
preferencesfor 5 hypothetical telerehabilitation treatmentswere
explored. These scenarios represented a continuum of health
care settings ranging from clinic-based rehabilitation to
home-based telerehabilitation with a focus on patient
self-management and less physician involvement. All 5
scenarios were considered realistic treatment scenarios from a
clinical perspective. One scenario represented conventional
clinic-based rehabilitation. The conventional trestment consists
of a supervised group-based exercise program at the
rehabilitation clinic. The exercise program is part of a
multidisciplinary pain rehabilitation program. In every session,
exercises are supervised face-to-face by a rehabilitation
physician. This conventional scenario was used to determine
how patients valued the 5 telerehabilitation scenarios relative
to conventional care. This was estimated with a willingness to
accept value that represented a health care premium reduction
in euros.

Results

Overview

We received 130 surveys that resulted in a total of 1950
observations from choice sets, with 13 observations missing.

http://www.jmir.org/2017/1/e26/
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Patients who failed to pass both the validity checks were
excluded from the analysis, which resulted in 104 usable
guestionnaires and a total of 1547 observations. The 104
respondents were spread fairly evenly across the 3 versions,
with 42, 31, and 31 patientsfor versions 1, 2, and 3, respectively.

Respondent Demographics

The magjority of the research sample (mean age 43.8 years, SD
14.8) was femae (66 out of 104) and had completed a
middle-high education (51 out of 104 participants). The majority
of the respondents were unemployed (69 out of 104 participants)
at thetime and had Internet access (97 out of 104 participants).
Patients’ mean visual analogue scale (VAS) pain score was 6.3
and pain complaints varied in the lower back, hip, knee, joint,
and neck areas and lasted longer than 6 months (Table 2).

Relative Importance of the Treatment Attributes

The results of this study indicate that physician contact mode,
feedback and monitoring technology, health care premium
reduction, physician contact frequency, exercise location, and
program flexibility are al significant determinants of patients
treatment preference (P<.001). The sign and significance of the
regression coefficients (Table 3) show that respondents preferred
to have all physician counseling faceto face. These face-to-face
consultationswere preferred over consultationsthat were offered
either entirely or partly via remote video communication.
Patients were relatively indifferent as to whether they had 25%
or 75% of their consultation viavideo communication; however,
having all consultations with video camera was the least
preferred option. Furthermore, patients favored the use of
feedback and monitoring technology while exercising and
preferred to exercise at a gym location. In addition, they
preferred physician contact every session and flexible exercise
sessions and favored the highest discount on their health care
premium. Conversely, respondents preferred not to undergo
treatment that involved video consulting and minimized
physician contact, exercising individually in the home
environment without feedback and monitoring technology at
fixed time frames. The attribute levels are generally well
ordered, except for the attribute “consulting frequency.” Less
frequent supervision (once per 4 exercise sessions) is preferred
over more frequent supervision (once per 3 exercise sessions).
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Table 2. Respondent characteristics.
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Characteristics (N=104) Mean (SD) or n (%)
Gender, n (%)

Female 66 (63.4)
Age, years

mean (SD) 43.8(14.8)

max, min 79,20
VAS pain score

mean (SD) 6.3(1.7)

max, min 10, 2.1
Education, n (%)

Low 6(5.8)

Middle 50 (48.1)

High 48 (46.2)
Employment, n (%)

Employed 35(33.7)
Internet, n (%)

Yes 97 (93.3)

Figure 2illustratesthe relative importance of the attribute levels
on astandardized scale, with preference weights scaled between
0 and 1. For the most important attribute (physician contact
mode), the most preferred level (100% face-to-face counseling
sessions) isassigned apreferenceweight of 1. All other attribute
levels are scaled relative to the most important attribute.
Physician contact mode, the presence of feedback and

monitoring technology, and exercise location were the most
important attributes. The utility of moving from 100%
face-to-face contact to 100% video consulting exceeded that
for any other change between attribute levels. The smallest
utility difference was between 25% video consulting versus
75% video consulting and €50 health care premium reduction
and no health care premium reduction.

Figure 2. Relative importance of the attribute levels on a standardized scale.
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Table 3. Coefficient estimates of the bivariate probit model (N=1547).
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Attribute level Beta coefficient (standard error)  95% Cl P value
Treatment mode and location
Group at gym .05 (0.05) -0.04t00.14 .29
Virtua group at home —-.20(0.04) -0.28t0-0.12 <.001
Individually at gym .20 (0.04) 0.11t00.28 <.001
Individually at home —.04 (0.05) -0.14t0 0.05 .35
Consulting frequency
Every exercise session .13 (0.04) 0.05t00.21 .001
Once per 2 exercise sessions .02 (0.04) -0.06 to 0.09 .68
Once per 3 exercise sessions -13(0.04) -0.20to-0.05 .002
Once per 4 exercise sessions —-02 (0.04) -0.10t0 0.06 .60
Consulting mode
100% Face-to-face consults .31 (0.04) 0.22t00.39 <.001
25% Video consults —.04 (0.05) -0.13t00.04 32
75% Video consults —.06 (0.04) -0.13t00.02 A7
100% Video consults —-.21(0.04) -0.29t0-0.12 <.001
Feedback and monitoring technology
Yes .22 (0.02) 0.19t00.26 <.001
No ~22(0.02) —0.26t0-0.19 <.001
Flexibility exercise sessions
Fixed —-08(0.02) -0.12t0-0.03 <.001
Flexible .08 (0.02) 0.03t00.12 <.001
Health care premium reduction .004 (0.001) 0.00t0 0.01 .001
Decision of treatment (no treatment=0)
Constant 1.59 (0.15) 1.30t01.87 <.001
Gender —09 (0.10) -0.29t00.12 41
Age >45 years —20(0.10) —-0.40t0-0.01 .04
Secondary education .10 (0.13) -0.16t0 0.36 43
Higher education 13(0.13) -0.12t0 0.37 31
Internet .21 (0.20) —0.18t0 0.59 .29
Work hours —34(0.10) -0.53t0-0.15 .001

Comparison of Treatment Scenarios

Using the results of the bivariate probit model, the choice
probabilities of 5 hypothetical telerehabilitation scenarioswere
explored (Table 4). These could be arrayed on a continuum
from clinic-based rehabilitation to home-based tel erehabilitation
with a focus on patient self-management and less physician
involvement, with scenario B asthe most conventional scenario,
E and F theleast conventional, and C and D varying in between.
Scenario A represented conventional clinic-based rehabilitation.

Table 4 shows that scenario C is preferred the most out of all
treatment scenarios. This treatment scenario is considered an
“intermediate” scenario that falls between conventional and
telemedicine care. Patients are offered a clinical exercise
environment with feedback and monitoring technology;

http://www.jmir.org/2017/1/e26/

however, face-to-face consulting with a physician is limited.
Remarkably, scenario C isalso the only scenario that outweighs
the utility of conventional care (A). This demonstrates the
willingness of patients to accept both areduction in consulting
frequency and face-to-face consulting when remote feedback
and monitoring technology is offered.

Patients' preferences for the 5 hypothetical telerehabilitation
scenariosreveal ed that scenario Fistheleast preferred scenario.
This scenario offers therapy at home with minimal physician
supervision and requiresahigh level of patient self-management.
Furthermore, the results demonstrated that conventional
rehabilitation (A) is preferred over all home-based treatment
scenarios varying in levels of monitoring and physician
consulting (D-F). The model suggeststhat areduction in health
care premiums could raise the utility of these less preferred
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telerehabilitation treatments, which could increase future
acceptance. For example, offering a reduction of 206.30 euros
per year would make the least preferred scenario F equally

Table 4. Utility of the different treatment scenarios (A-F; N=1547).

Cranen et al

attractive to conventional care. A smaller reduction (€70.70) is
necessary to make scenario E equally attractive to conventional
care.

Treatment attributes A B C D E F

Location Gym; Gym; Gym; Home; Home; Home;
group group individual individual virtual group virtual group

Communication 100% face-to-  25% video 75% video 75% video 75% video 100 % video
face

Frequency Every session  Every session  1x4 sessions Every session 1x4 1x4

sessions sessions

Feedback and monitoringtech- No No Yes No Yes No

nology

Flexibility Fixed Fixed Fixed Flexible Flexible Flexible

Health care premiumreduction None None None None None None

Utility (SD) (Heckman) 0.18 (0.08) -0.17 (0.08) 0.27 (0.08) —-0.42 (0.09) —-0.13(0.08) —-0.73(0.08)
- 79.3 0 136.6 70.7 206.3

WTA? necessary to reach utility
scenario A (euros)

BWTA: willingness to accept.

Preferences for No Treatment

No treatment was preferred over treatment A or B in 136
observations, corresponding to 34 individuals who chose the
“non-option.” Of these, 9 individuals did so on one occasion.
One individual always chose the no treatment option. The
parameter estimates for the patient characteristics age (P=.04)
and work hours (P=.001) interacted with no treatment and were
statistically significant. Older patients were more likely to
choose the opt-out option than younger patients. Second, patients
having a higher number of working hours were less likely to
choose the opt-out option.

Discussion

Principal Findings

Although telemedicine is assumed to be improving efficient
alocation of resources, its actual success depends on the
patients acceptance and adherence. Therefore, future
telemedicine services need to be designed with the patients
perspective in mind. This study explored chronic pain patients
preferences for telerehabilitation treatments using a discrete
choice experiment and determined which future
telerehabilitation design was preferred the most by chronic pain
patients and which treatment attributes were most important to
them. In addition, WTA was estimated to explore how patients
valued telerehabilitation services relative to conventional
rehabilitation and if they would be willing to trade health care
premium discounts for more resource-efficient telerehabilitation
treatments. Although DCEs arewidely used in health care, this
is the first study in the field of telerehabilitation estimating
preferencesfor treatmentsto inform patient-centered treatment
design.

http://www.jmir.org/2017/1/e26/

Five hypothetical telerehabilitation scenarios were explored,
which could be arrayed on a continuum from clinic-based
rehabilitation to home-based tel erehabilitation with a focus on
patient self-management and minimal physician supervision.
The most preferred treatment out of all 5wasan “intermediate”
scenario that falls between conventiona clinic-based
rehabilitation and a telerehabilitation program with afocus on
self-management and with no frequent face-to-face supervision.
Patients preferred treatment outside the home environment, with
acombination of video consultation and face-to-face consulting
and the use of feedback and monitoring technology. Patients
preferencefor an “intermediate” scenario demonstrates patients
willingness to “trade” between treatment attributes and
underscores the potential of the use of remote feedback and
monitoring technology in chronic pain tel erehabilitation. Petients
werewilling to accept lessfrequent physician consulting offered
mainly through video communication, provided that they were
offered assistance through remote feedback and monitoring
technology and could exercise outside their home environment
during flexible exercise hours. A key finding is that this
“intermediate” scenario was preferred over conventional
rehabilitation, which suggests that this scenario would make a
feasible alternative to conventiona care.

On the contrary, home-based telerehabilitation scenarios with
minimal physician contact, provided entirely through video
communication, and without the use of remote feedback and
monitoring technology were preferred the least. This is an
important finding, as a paradigm is emerging in which people
with chronic disease are encouraged to take an active role in
self-management and become actors in their own health care
[41,42]. Offering remote feedback and monitoring technology
aswell as some physician face-to-face consulting would make
home-based rehabilitation more attractive; however, it would
not make these scenarios equally attractive to conventional
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rehabilitation. As such, to foster patient acceptance of
home-based telerehabilitation with minimal physician
supervision, other incentives are necessary to make these
treatment scenarios more attractive.

WTA was estimated and demonstrated that chronic pain patients
were willing to trade a reduction in health care premiums for
less preferred treatment attributes, for example, lessface-to-face
physician consulting or a home-based treatment scenario. A
reduction in health care premiums would make less preferred
resource-efficient telerehabilitation scenarios with a focus on
patient self-management equally attractive to conventional
clinic-based rehabilitation. Ultimately, even a home-based
telerehabilitation scenario with minimal physician consulting,
the least preferred scenario out of al 5, could become an
acceptable alternative to conventional clinic-based careif health
care premium reduction is offered. However, these results must
be interpreted with caution. Further research is necessary to
explore whether, next to health care premium reductions, other
strategies such as the use of motivational tools (eg, serious
gaming) could increase the value of home-based
telerehabilitation treatment.

In addition to the estimation of patients' preferences for the
various telerehabilitation scenarios, the importance of the
individual trestment attributeswas estimated. Whileall attributes
impacted patients’ treatment preference, physician contact mode
proved akey driver of preferencefor chronic pain rehabilitation
with patients having a strong preference for some physician
face-to-face contact. Treatment scenarios with partly remote
physician video communication were preferred over scenarios
that offered remote video communication only. The psychosocial
nature of chronic pain treatment could be underlying this
preference. In the treatment of chronic pain especially, the
patient-physician communication plays an important role, as
pain must be identified as a subjective phenomenon in the
discussion [43] and both empathy and emotional support are
considered essential [43,44]. Although touch is not necessary
to convey empathy and establish atherapeutic bond [45,46] per
se, aqualitative study in chronic pain patients established that
some patients associated remote physician consultation with a
loss of personal attention [47]. This same feeling of loss of
personal attention was also found by Mair et a [48]. A
physician’sinability to perform ahands-on physical examination
during aremote consultation isalso acausefor concernto some
patients [46-49], which could also explain patients strong
preference for physician face-to-face contact. Some patients
consider face-to-face supervision an essential meansto provide
effective feedback and instruction. Furthermore, supervision
during exercise may reduce patients' insecurity and fear of
exercising [50]. These findingsindicate that integration of some
face-to-face physician consultation is important to increase
patient acceptance, which is consistent with other literature that
found that attrition rates may be reduced by even minimal
human contact [41]. A recent study of chronic pain patients
suggeststhat Web-based chronic pain management intervention
may be the most effective for patients with mild or moderate
chronic pain who have better overall psychological and physical
health. Individuals with numerous comorbidities, or spinal,
neuropathic, or fibromyalgia pain, may require face-to-face
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contact, as this could be necessary in achieving optimal
outcomesin pain management [51].

The importance that chronic pain patients place on feedback
during exerciseis aso reflected in the value that patients place
on the use of monitoring and feedback technol ogy, which proved
nearly asimportant asface-to-face physician contact. Strikingly,
although none of the research sample had prior experience with
the telemedicine technology, a factor that is associated with
increased acceptance [52,53], the majority of our research
sample preferred to use remote monitoring and feedback
technology. Possibly, the use of the latest technology transl ates
into “quality of care,” as some patients expect that the use of
remote monitoring and feedback could provide even more
accurate feedback than a therapist [47]. These results suggest
that thelack of experiencewith thetechnology doesnot impede
the acceptance of telerehabilitation and that, on the contrary,
the use of innovative technology can be used as a way to
increase acceptance of home telerehabilitation.

Treatment location proved a third important attribute, with
patients having a preference for exercising individually outside
the home environment. Patients attached great value to exercise
inaclinic-based setting, either individually or inagroup, rather
than exercising in the home environment. Apparently, the
hypothesized benefits that home treatment could bring to
patients, for example, reduced transportation issues and easier
trandlation of acquired skills, do not outwei gh the di sadvantages
perceived by our study sample. Previous research with chronic
pain patients demonstrated that aclinical environment can offer
amore motivating environment for the patient and it creates an
opportunity to get out of the house and meet other patients[47].
In addition, feelings of intrusion could be underlying the
preference to exercise outside the home, since telerehabilitation
brings clinical careinto the “safe haven” of the home.

Limitations

With regard to the reliability of the discrete choice experiment,
some limitations of the study must be emphasized. First, the
results might be limited in terms of the extent to which they
could be generalized. Data were collected in a specific patient
population, namely chronic pain patients waiting for their
conventional rehabilitation to start. In addition, perceptions of
patientswho did not passthe consistency testswere disregarded.
Little is known about how patients preferences regarding
telemedicine change during treatment; therefore, we do not
know whether patients’ possible insecurity at the start of their
treatment had affected their tel emedi cine treatment preferences
and whether this could explain why home-based
telerehabilitation scenarios with a focus on self-management
were preferred the least. Future studies should assess patients
preferences at different points of time during rehabilitation,
since preferences are likely to change over time and
telerehabilitation treatments may need to be adjusted to the
altering needs of patients during treatment. We also chose to
include a non-option. This created a more redlistic choice
experiment, but aso meant that we were limited in the
exploration of the effect of patient demographics on patients
preferences. Datareveal ed that both older patients and patients
with a low education were more likely to choose the opt-out
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option. This could partly be attributed to the cognitive burden,
for which discrete choice experiments have been criticized. In
addition, we were not able to collect demographic information
on nonresponders to determine whether there were systematic
differences between responders and nonresponders. Future
studies should further investigate the effect of patient
demographics on treatment preference.

Conclusions

A central aim of this study was to assess which treatment
attributes were most important to chronic pain patients and to
explore which telerehabilitation treatment was the most
preferred. Physician contact mode, the use of feedback and
monitoring technology, and exercise location were key drivers
of patients' treatment preferences. An “intermediate” treatment
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scenario consisting of attributes associated with both
conventional rehabilitation and tel erehabilitation was the most
preferred. Thisdemonstrated that patientswere willing to accept
less frequent physician consultation offered mainly through
video communication, provided that they were offered feedback
and monitoring technology and some face-to-face consultation
and could exercise outside their home environment at flexible
exercise hours. As such, telerehabilitation treatments that
incorporate these attributes should be pursued as promising
aternatives to conventional rehabilitation. Home-based
telerehabilitation treatmentswith minimal physician supervision
weretheleast preferred. However, offering health care premium
reductions could make these treatments as attractive as
conventional clinic-based rehabilitation.
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Abstract

Background: Many systematic reviews exist on the use of remote patient monitoring (RPM) interventions to improve clinical
outcomes and psychological well-being of patients with heart failure. However, research is broadly distributed from simple
telephone-based to complex technology-based interventions. The scope and focus of such evidence also vary widely, creating
challenges for clinicians who seek information on the effect of RPM interventions.

Objective: The aim of this study was to investigate the effects of RPM interventions on the health outcomes of patients with
heart failure by synthesizing review-level evidence.

Methods: We searched PubMed, EMBASE, CINAHL (Cumulative Index to Nursing and Allied Health Literature), and the
Cochrane Library from 2005 to 2015. We screened reviews based on relevance to RPM interventions using criteria devel oped
for this overview. Independent authors screened, selected, and extracted information from systematic reviews. AMSTAR
(Assessment of Multiple Systematic Reviews) was used to assess the methodological quality of individual reviews. We used
standardized language to summarize results across reviews and to provide final statements about intervention effectiveness.

Results. A total of 19 systematic reviews met our inclusion criteria. Reviews consisted of RPM with diverse interventions such
astelemonitoring, home tel ehealth, mobile phone—based monitoring, and videoconferencing. All-cause mortality and heart failure
mortality were the most frequently reported outcomes, but others such as quality of life, rehospitalization, emergency department
visits, and length of stay were also reported. Self-care and knowledge were less commonly identified.

Conclusions: Telemonitoring and home telehealth appear generaly effective in reducing heart failure rehospitalization and
mortality. Other interventions, including the use of mobile phone-based monitoring and videoconferencing, require further
investigation.

(J Med Internet Res 2017;19(1):18) doi:10.2196/jmir.6571
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systematic review; patient monitoring; mobile phone; telemedicine; heart failure
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Introduction
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Methods

Prior Work

Heart failure is a complex chronic condition that presents
debilitating symptoms [1]. There is a high prevalence of heart
failure worldwide [2] and, despite advanced medical,
pharmacological, and surgical treatment, patient outcomes are
poor and hospital readmissions are high [1].

Heart failure clinical outcomes depend largely on how well
peopl e self-manage their condition between face-to-face office
visits with health care providers. Hence, lack of symptom
monitoring and seeking treatment when necessary, particularly
between their visits, may result in hospital readmissionsin this
population. To avoid heart failure exacerbation, patients are
encouraged to modify their lifestyle and constantly monitor
symptomsrelated to their condition [1]. Providing patientswith
the tools to take an active, participatory role in their disease
progression and management is important [3].

The high health care costs and poor quality associated with heart
failure haveled to the devel opment of remote patient monitoring
(RPM) systems and cost-effective disease management
strategies. RPM uses devices to remotely collect and send data
to a health care facility for diagnostic interpretation or
monitoring purpose. Such applications might monitor specific
vita signs, such as blood pressure, heart rate, or
electrocardiogram (ECG), or a variety of indicators for
housebound patients. Such systems can be used to facilitate
health care by nurses who visit patients at home [4]. RPM
comprises a range of noninvasive and patient monitoring
approachesthat could improve quality of life (QOL) of patients
with heart failure who are at high risk of deterioration [5].

The current literature contains research results from numerous
trials investigating the clinical, structural, behavioral, or
economic effects of RPM interventions on patientswith chronic
diseases [6]. Recent evidence suggests that RPM component
systems have beneficial effectson mortality and hospitalization
of patients with heart failure [5]. However, the scope, methods
of analysis, results, and quality of systematic reviewsarevaried
and this may cause uncertainty for policy makers, health
professionals, and others regarding utilization of theinformation
from existing evidence. Investigating the effect of awide range
of RPM systems on heart failure outcomes is a key aspect in
improving such technology-based interventions, but taking it
in isolation fails to consider the strength, weakness, and
implications for future research.

Objectives

We undertook this overview to systematically gather, evaluate,
and organize the review-level evidence. The aim of this study
was to report the highest level of evidence and to identify the
RPM intervention that ismost effectiveinimproving theclinical
outcomes of patientswith heart failure. It also aimed to identify

existing gaps in this area and to recommend avenues for future
research.

http://www.jmir.org/2017/1/e18/

Inclusion and Exclusion Criteria

The included records were assessed for eigibility against the
study’sinclusion criteriaincluding types of reviews, participants,
interventions, and outcomes.

Types of Reviews

Previous systematic reviews and meta-analyses evaluating the
effects of RPM on heart failure and published in peer-reviewed
journals or the Cochrane Library were considered eligible for
inclusion. Key characteristics of inclusion criteria outlined by
the Cochrane Collaboration [ 7] were used to determine the types
of reviews. Depending on the method for analyzing the evidence
from primary studies, systematic reviews can be classified as
qualitative or narrative reviews and quantitative reviews. We
included only quantitative systematic reviews. Conference
proceedings, review summaries, editorials, and unpublished
studies were excluded.

Types of Participants

Patients with adiagnosis of heart failure regardless of age, sex,
or ethnicity were considered in this review. However, the
diagnostic criteria should have been established in the included
reviews using standard criteriaand New York Heart Association
functional classification. Reviews with mixed population were
also excluded from this study.

Types of Interventions

We considered systematic reviews and meta-analyses that
investigated the effectiveness of RPM interventionsfor patients
with heart failure. These interventions applied information and
communication technology (ICT) for mentoring, supporting
physical or mental health, and/or monitoring of any vital signs,
biometric and/or data related disease (signs and symptoms)
from patients to health care providers. The systematic reviews
that only investigated the effect of telediagnosiswere excluded.
We aso excluded structured telephone support from this
overview because the definition of RPM used in this overview
considered structured tel ephone support distinctly different from
RPM interventions.

Types of Outcomes
We sought data for outcomes in the following categories:

«  Patient-oriented outcomes, such asknowledge and self-care,
health status, and well-being

« Hedth service-oriented outcomes, which include
rehospitalization, emergency department visits, and length
of stay

Reviews were included if the primary or secondary outcomes
fromincluded studies were related to the clinical or behavioral
effects of RPM on patientswith heart failure. Systematic reviews
and meta-analyses that investigated only the cost, feasibility,
or uptake of RPM systems were excluded.

Search M ethods for |dentification of Studies

A comprehensive and systematic search was performed using
the electronic sources PubMed, EMBASE, CINAHL
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(Cumulative Index to Nursing and Allied Health Literature),
and the Cochrane Library from 2005 to 2015. A sensitive search
strategy was developed and refined by an experienced medical
information specialist. A combination of MeSH (Medical
Subject Headings) terms as well as key terms related to
telemedicine, heart failure, and systematic reviews were used
to search PubMed for all relevant studies. This search strategy
was modified for searching the other databases according to
their user guide. Details of the search strategy are presented in
Multimedia Appendix 1.

Data Collection and Analysis

Selection Procedure

Studies reviewing telemonitoring, telehealth, and remote
monitoring outcomesin patientswith heart failure were selected

Figure 1. Study flow diagram.

Bashi et &

by 2 independent reviewers. Records that did not clearly meet
the inclusion criteria were excluded. Studies were excluded if
they investigated the effects of RPM on patients with mix of
chronic diseases. As shown in Figure 1, our initial search
resulted in 2133 records. The reviewers read al titles and
abstracts to remove duplicate studies (219). On the basis of the
inclusion criteria, nonrelevant records were excluded (1864).
If there was any discrepancy, the reviewers discussed the issues
and reached aconsensus. Because of resource limitation, reviews
published in languages other than English were excluded from
the analysis. A number of records (11) were excluded as they
were not systematic reviews, and 20 systematic reviews were
excluded because of the following reasons: wrong interventions,
economic analysis, or other reasons. Thisyielded afinal number
of 19 systematic reviewsincluded in this study.

http://www.jmir.org/2017/1/e18/
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Summaries of Reviewed Systematic Reviews

To allow consistent reporting of results across reviews, we
extracted and descriptively summarized each study’s results
using standardized language. Then we summarized and
narratively reported results of the reviews to enable
identification of broad conclusions within and across reviews.
A table was developed to extract key characteristics of each
review (Table 1). The information sought included general
details related to systematic reviews (eg, authors and year of
publication) and more specific details about the types of
interventions, outcome variables, sample (number of included
studies in each review), results, and methodological
shortcomings.

M ethodological Quality of Reviewed Studies

The methodological quality of included systematic reviewsand
meta-analyses was examined by using the Assessment of
Multiple Systematic Reviews (AMSTAR) tool [27]. The tool
isavalidated instrument and assesses the degree to which review
methods avoided bias by evaluating the methods against 11
distinct criteria. The process of scoring was performed by
independent assessors. Each AMSTAR item was rated as yes
(clearly done), no (clearly not done), can’t answer, or not
applicable, based on the published review report. A review that
adequately met all of the 11 criteria was considered to be a
review of the highest quality. The quality rating was asfollows:
AMSTAR score (out of 11 criteria) rating 8to 11 ashigh quality,
4 to 7 as moderate quality, and 3 or lower aslow quality.

Asreported by the authors of this overview, systematic reviews
included studies that ranged from high (well-designed and
well-conducted studies) to low quality (studies with serious
methodol ogical limitations; Table 2). A small number of reviews
were highly selective about the quality of the studies they
included; for example, 3 systematic reviews[9,17,21] specified
that only randomized controlled trials (RCTs) were eligible for
inclusion. However, these measures did not ensure that included
studies were of high quality.

Question 1: A Priori Design

Only 3 reviews [9,11,18] included in this study established
inclusion criteria and a priori design before commencing with
the literature search, data collection, and abstraction. The rest
of the systematic reviewsdid not frame their research inclusion
criteriaand lacked a priori design.

Question 2: Duplicate Study Selection and Data
Extraction

Of 19 reviews, in 10 reviews[8-11,13,14,16-18,20] the process
of screening was performed by 2 independent authors. In 8
reviewsthe authorsdid not clarify thisprocess[12,15,19,22-26].

Question 3: Comprehensive Search

The analysis of this question, which required at least two
electronic sources and one supplementary strategy in order to

http://www.jmir.org/2017/1/e18/
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be scored as comprehensive search, showed that all reviews
used at least two el ectronic databasesto search primary studies.
Thefrequently used databaseswere MEDLINE, CINAHL, and
EMBASE. Although all reviewsreported the yearsand databases
searched, only 12 reviews had comprehensive literature review
based on the AMSTAR criteria[8,9,11,12,14,16,17,19-22,25].

Question 4: Inclusion of Gray Literature

Among 19 reviews included in this overview, only 5 reviews
reported searching for gray literature regardless of their
publication type [8,9,11,21,25]. Most reviews focused on
primary studies that were published in English-language
journals.

Question 5: Included and Excluded Studies Provided

Most reviews presented a list of included studies. However,
only 2 reviews [19,22] reported a list of excluded studies in
their article or as a supplementary material.

Question 6: Characteristics of the Included Studies

Characterigtics of the origina studies with respect to the
participants, intervention, and outcomes were presented in 15
reviews in the form of a table or illustration
[8-11,13,15,16,18-25]. A range of characteristicsfrom primary
studies such as the mean age of patients, duration of follow-up,
and severity of disease was reported in the reviews.

Question 7: Quality Assessment of the Primary Studies

The methodological quality or risk of bias of primary studies
included in the reviews was appraised in 10 reviews
[8,9,11,12,14,18,20-22,25] out of the 19 reviews. These 10
systematic reviews provided their methods to assess included
studies either using a quality scale (such as checklist with
composite scores) or predefined risk of bias criteria
Furthermore, the quality of individual studies was reported in
ameaningful format of a grade or score by these reviews.

Question 8: Scientific Quality of Included Studies Used
Appropriately in Formulating Conclusions

Out of the 19 reviews, 7 reviews[8,9,11,14,21,22,25] formally
assessed the scientific rigor of the primary studiesand integrated

the results of the methodological quality into the fina
conclusions and made recommendations for future studies.

Question 9: Appropriateness of Methods Used to
Combine Studies' Findings

There were 7 reviews [8-10,13,18,19,21] that used a specific
method such as chi-square test to combine the results.

Question 10: Publication Bias

The risk of publication bias was reported in 2 reviews [9,13].
Asshown in Table 2, therest of the systematic reviews did not
assess publication bias.
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Table 1. Characteristics of the included systematic reviews.

Bashi et &

Author Population Typeof study? Intervention Outcome variables !\lo. of stud- Results M ethodol_ogi ca
(meen age, dis- (length of fol- ies shortcomings
ease saverity) low-up) (samplesize)
Kotbetal 10,193 patients 39 RCT<S Telemonitoring,  Hrd mortality, all- 30 Reduced mortality ~ Not reported.
[8] (mean age 44- structured tele- 50 hospitalization,  (10,193) and HF hospitaliza-
80 years, NY- phone support,  {E hospitalization tion in telemonitor-
HAP class -1V, video monitor- ing and STS.
most 11-111) ing (6-26
months)
Inglisetal Meanage57-78 25RCTsand Telemonitoring All-cause mortality, 30 Telemonitoringre-  Not reported.
[9] years, NYHA 5 abstracts and structured  hospitalization (all- duced all-cause mor-
class -1V, most telephone sup-  cause, HF), cost, tality. Both telemon-
-1V port (3-15 QOLS and Losf itoring and STSre-
months) duced HF hospital-
izations, cost, and
improved QOL.
Nakamura 3337 patients 13 RCTs RPMYincluding Mortality, medication 13 RPM significantly ~ Types of control
eta [10]  (mean age 65 PDAsand mo- Mmanagement (3337) reduced therisk of  groups were varied
years, NYHA bile phones mortality. among reviewed
class1-1V) studies. Patients’
medications were
different among
studies.
Pandor et 6561 patients, 20 RCTs RPM including All-cause mortality, 20 Reductioninmortal- Reviewed studies
a [11] 1918 patients telemonitoring  hospitalization (HF, ity and all-cause were heterogeneous
recently dis- and structured  all-cause), QOL, sys hospitdizationinre-  in terms of moni-
charged (mean telephone sup-  tem acceptability, and cently discharged tored parameters,
age 57-78 port (3-12 LOS patients, improve-  HF selection criteria,
years, NYHA months, recent- ment in QOL. samplesize, and fol-
class -1V, most ly discharged low-up duration.
11-1V) patients; 6-22
months, patients
with stable HF)
Smith [12] 20 (RCTsand Telemonitoring Readmissiontohospi- 20 HF readmissionre-  Studieswere hetero-
observational  and structured  tal for any reason duced but evidence  geneous.
studies) telephone sup- for al-causereadmis-
port sionisinconclusive.
Xiangeta 7530 patients 33 RCTs Telemonitoring  All-cause mortality, 33 Significant reduction  In some studies,
[13] (mean age 69 (6-26 months)  HF hospitalization, (7530) in al-cause mortali- sample was small
years, NYHA HF-related LOS ty, HF hospitaliza=  and underpowered to
classI-1V, most tion, HF-related detect asignificant
11-1V) LOS. association.
Ciereetal Not reported 12 (11 RCTs Telehedth (6- Knowledge, efficacy, 12 Associations be- Limited number of
[14] (meanage61- and 1lpre-post 12 months) and self-care tweentelehealthand  studies, poor
78years, mild  study) knowledge, andtele-  methodological
or moderate health and self-care  quality, and mixed
class of HF) weremixed. TH had  findings.
no effect on self-effi-
cacy.
Redhekridh  20-214 14 (12RCTs, Telehealth (1-  Self-management 14 Some level of im-  Studies had small
nan and 8 pre-post de- 12 months) provementinself-  sample size or low
Jacelon signs, 2 quasi- care. power for statistical
[15] experimental, analyses. There was
and 1 pilot arisk of recal bias.
control)
Giamouzis 57-710 (mean 12 RCTs, 2 Telemonitoring  All-cause mortdity, 12 Mixed results. Some studies had
et d [16] age 44-86 multinational  (6-26 months)  al-causerehospitaliza (57-710) small sample size
years, NYHA tion, cardiovascular and, therefore, were
classl-1V) hospitalization, ED" underpowered to de-
visits, bed days, days tect significant asso-
ciations.

lost due to death
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Author Population Typeof study? Intervention Outcomevariables  No. of stud-  ResLilts Methodological
(meen age, dis- (length of fol- ies shortcomings
ease severity) low-up) (samplesize)
Clarkeeta 3480(meanage 13 RCTs Telemonitoring  All-cause mortality, 13 Overall reductionin  Small sample sizes,
[17] range 55-85 (3-15 months)  all-cause emergency (3480) al-cause mortality  diverse control
years, NYHA hospital admission, and HF hospital ad-  groups, interven-
class1-1V) LOS mission, no signifi-  tions, and approach-
cant effects were esininterpreting da-
foundinall-cause  taand contacting pa-
emergency and hos- tients.
pital admission,
LOS, medication ad-
herence, or cost.
Polisenaet 3082 patients 17 (8 RCTs  Telemonitoring Mortality (all-cause, 17 Thenumber of ED  Diverse patient pop-
a [18] (meanage52- and9observa (1-12 months)  HF, or cardiovascu- (3082) visits, al-causehos-  ulation and length of
75years, NY-  tional studies) lar), hospitalization pitalizations, and follow-up, lack of
HA class|-1V) (HF, all-cause), ED mortality reducedin  proper blinding and
visits (HF, al-cause), telemonitoring randomization, and
primary care or spe- group. Resultsrelat-  the wide range of
cidist visits, and ed to the number of  hometelemonitoring
home visits primary care or spe- interventions.
cialist visitsand
home visitswerein-
conclusive.
Klersyeta 8612 (agerange 32 (20 RCTs, RPM (3-18 Mortdlity, hospitaliza- 32 The rate of mortali- Not reported
[19] 54-81 years, 12 cohort months) tions (all-cause, HF) (8612) ty, hospitalizations
NYHA [11-1V)  studies) for any cause, and
hospitalizations for
HF in both RCTs
and cohort studies
were reduced.
Chaudhry  Meanage67.7 9RCTs(2sin- Telephone or All-cause mortality, 9 Resultsweremixed. High-quality trials
et a [20] years, NYHA |- gle-siteand7 automated hospitalizations (all- Telephone-based regarding the effec-
v multicenter)  symptommoni- cause, HF), event rate, monitoring was less  tiveness of automat-
toring and ED visits expensive. ed formsof telemon-
itoring are scarce.
Clark eta 4264 (meanage 14 RCTs(not Telemonitoring Mortality (all-cause), 14 QOL improvedand  Small number of tri-
[21] range 57-75 reported) or structured readmission (all- (4264) dl-cause mortality  as, short-term fol-
years, NYHA telephonesup-  cause, HF), QOL, reduced. No signifi- low-up.
11-1V) port (3-16 cost, adherence, pa- cant effect was
months) tient acceptability found on all-cause
readmission and HF
readmission.
Dangeta Meanagerange 9RCTs(not Hometele- All-cause mortality, 9 Theimpact of tele-  Interventions were
[22] 53.2-79 years,  reported) health remote  readmissions (all- monitoringonheath varied in terms of
NYHA I1-IV monitoring (3-  cause, HF), ED visits, care utilization, technology, dura-
12 months) LOS, clinic visit mortality, and costis tion, and the process
(scheduled, unsched- positive. Theresults of dataanaysis. The
uled) for other outcome  patient populations
variables were were heterogeneous
mixed. interms of NYHA
class, HF duration,
and socioeconomic
status.
Hughes Meanage63.75 4 RCTs, pre-  Technology- Self-management, re- 4 Technology-based ~ The number and
and years post survey based interven-  hospitalization, satis- (733) interventions result-  quality of the studies
Granger tion to promote  faction, QOL, and edinimproved out- arelow.
[23] self-manage- cost comes related to
ment (30 days self-management,
to 12 months) rehospitalizations,

costs, and QOL.
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Author Population Typeof study? Intervention Outcomevariables  No. of stud-  ResLilts Methodological
(meen age, dis- (length of fol- ies shortcomings
ease severity) low-up) (samplesize)
Maricetal 3184(NYHAI- RCT, pre-post Telemonitoring Hospitalization, emer- 56 Thereviewed stud-  The mgjority of
[24] 1V) survey interventions gency room costs, iesshowed ageneral studieswerenot ran-
(1-18 months)  QOL, bed days, home trend toward im- domized and many
visits, combined provement of out- had small sample
events (hospital admis- comemeasuressuch  sizes.
sions, ED access/vis- as QOL, self-effica
its, mortality, left ven- cy, hospitalization,
tricular gjection frac- and ED visits.
tion, and psychologi-
cal moods
Martinezet Meanagerange RCT, descrip- Hometelemoni- Mortdlity, feasibility, 42 Many studies Not reported.
a [25] 48-83 years, tive, noncon-  toring (3-24 readmissions, QOL, showed reduction in
NYHA I-IV trolled clinical  months) LOS, and cost mortality, hospital
series readmissions, and
length of hospital
days and improved
QOL.
Schmidt et Not reported 19 RCTs Telemonitoring Mortality andrehospi- 19 The available scien-  Not provided.
al [26] talization, QOL, tific data on vital
health-economic bene- signsmonitoring are

fits, acceptance of
home monitoring by
patients, acceptance
by cliniciansandinflu-
ence on doctor-patient
relationship, signifi-
cance of telemonitor-
ing for patient compli-
ance

limited, yet thereis
evidence for a posi-
tive effect on some
clinical end points,
particularly mortali-
ty.

Nonetheless, any
possible improve-
ment in patient-re-
ported outcomes,
such as QOL, till
remainsto be
demonstrated.

#Type of study: RCT, cohort study, or case study and multicenter or single-center study.

PNYHA: New York Heart Association.
°RCT: randomized controlled trial.
9HF: heart failure.

€QOL: qudlity of life.

fLos: length of stay.

9RPM: remote patient monitoring.
PeD: emergency department.

ISTS: structured tel ephone support

Question 11: Conflicts of I nterest

Interestingly, 10 reviews[9-11,13,16,18,21,22,24,25] provided
information related to the project’s source of funding and
conflict of interest. Assessing the methodological quality of
included systematic reviews and meta-analyses revealed that
thequality of 12 systematic reviews[8,10,11,13,14,16,18-22,25]
was moderate as they were scored between 4 and 7. A total of

http://www.jmir.org/2017/1/e18/

RenderX

6 systematic reviews[12,15,17,23,24,26] had avery low quality
(scored 3 and less) and only 1 systematic review wasidentified
as highest quality (scored 10) [9]. Overall, many of thereviews
displayed important limitations. For example, only 3 systematic
reviews[9,11,18] had referred to their a priori design, such as
apublished protocol, and 2 systematic reviews [9,13] assessed
the likelihood of publication bias of reviewed studies.
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Table 2. Methodological quality of systematic reviews based on AMSTAR (Assessment of Multiple Systematic Reviews) scores.
Author Q1 @ Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q0 Qi1 Tota
Chaudhry et al [20] No Yes Yes No No Yes Yes No No No No 4
Ciereet a [14] No Yes Yes caP No CA Yes Yes No Yes No 5
Clarke et d [17] No Yes Yes No CA No No No No No No 2
Clark et d [21] No Yes Yes Yes CA Yes No No Yes No Yes 6
Dang et a [22] No CA Yes No Yes Yes Yes Yes No No Yes 6
Giamouzis et a [16] No Yes Yes No No Yes No No No CA Yes 4
Hughes and Granger [23] No No No No No Yes No No No No CA 1
Ingliset a [9] Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes 10
Klersy et al [19] No No Yes No Yes Yes No No Yes No No 4
Kotb et a [8] No Yes Yes Yes CA Yes Yes Yes Yes No No 7
Maric et al [24] No No No No No Yes No No No No Yes 2
Martinez et a [25] No No Yes Yes No Yes Yes Yes CA No Yes 6
Nakamuraet al [10] CA Yes No No No Yes No No Yes No Yes 4
Pandor et al [11] Yes No Yes Yes No Yes Yes Yes No No Yes 7
Polisena et al [18] Yes Yes No No No Yes Yes No Yes No Yes 6
Radhakrishnan and Jacelon No No No CA No Yes No No No No No 1
[15]
Schmidt et al [26] No No No No No No No No No No No 0
Smith [12] No No Yes No No No Yes No No No No 2
Xiang et a [13] No Yes No No No Yes CA No Yes Yes No 4

3Q: question.

bCA: can't answer.

Table 3. Taxonomy of interventions and examples of outcomes reported.

Intervention Example of outcome

Telemonitoring

Home telehealth
Mobile phone
Video monitoring

Personal digital assistant devices Mortality

Mortality, hospitalization (all-cause, HF?), QOLb, length of stay, emergency department visits
Mortality, hospitalization (all-cause, HF), QOL, self-care, knowledge

Self-management, QOL, cost

Mortality, HF hospitalization

3HF: heart failure.
bQOL: quality of life.

Synthesis of Results and Rating the Evidence of
Effectiveness

We applied 4 steps in developing the data integration tables
based on the study by Ryan et a [28]. These were first
identifying, extracting, and summarizing relevant information
from each review for a comprehensive picture of the
characteristics of the systematic review. Second, results for the
outcomes of the review were assessed and trandated to
standardized statements. Third, results including RPM
interventions and heart failure outcomes were mapped onto a
taxonomy (Table 3) using language specific to thefield of RPM
interventions. Fourth, the implications of the review were

http://www.jmir.org/2017/1/e18/

RenderX

assessed after the mapping step clarified the level of evidence
availablefor each intervention. These stepswere taken to assist
with synthesizing and rating the evidence across systematic
reviews with complex and diverse interventions [28].

Results

Types of Interventions

Thisoverview appraised and summarized 19 systematic reviews
that consisted of a broad range of RPM interventions such as
telemonitoring (telemonitoring includes the collection and
transmission of clinical data between a patient at a distant
location and a health care provider through a remote interface
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so that the provider may conduct aclinical review of such data
or provide aresponse relating to such data) [29], hometelehealth
(home telehealth comprises remote health care delivery or
monitoring between a health care professional and a patient
outside of clinical settings, in their home or assisted living
residence) [29], and integration of electronic transfer of
physiological data via mobile phones, wearable electronic
devices, or implantable electronic devices. Table 1 provides a
summary of the reviews' characteristics that focused on RPM
in heart failure outcomes. Studieswere published from 2006 to
2015 and consisted of a minimum of 4 [23] and a maximum of
56 original studies [24] with the methodology of RCT, cohort
studies, and/or pre-post studies. The follow-up period ranged
from 1 to 26 months.

Table 4. Interventions' effectiveness.

Bashi et &

Table 4 showsthat 13 systematic reviewsinvestigated the effect
of telemonitoring and hometel ehealth. Among these, 4 reviews
[9,11,12,21] investigated the effect of structured telephone
support but as mentioned earlier, the resultsrelated to structured
telephone support excluded from this review. One systematic
review included 3 RCTs that examined the effect of
videoconferencing and compared the intervention with usual
care or telephone support [8]. One RCT and 1 pre-post study
cited by 2 systematic reviews [10,23] examined mobile phone
interventions. In 1 systematic review [10], 11 RCTsinvestigated
the effect of PDAs. Thedevicesusedin those RCTswerewidely
varied. A total of 4 systematic reviews investigated the effect
of home telehealth on heart failure clinical outcomes.

Intervention category ~ Types of interventions

Examples of interventions

Reviewsmappedtothis Statements of effectiveness
category

Telemonitoring

Video monitoring

Mobile phonemonitor-
ing

PDA devices

Home telehealth

14 SRs? examined the effect
of telemedicineincluding
telemonitoring and home
telehealth. Among these, there
were4 reviewsthat also inves-
tigated the effect of structured
telephone support.

One SR covering 3 RCTs®
that implemented videoconfer-
encing as main intervention
and compared it with usual
care or telephone support.

Two SRsincluding 1 RCT
and 1 pre-post study exam-
ined mobile phone-based in-
terventions.

OneSRof 11 RCTsinvestigat-
ed the effect of PDA devices.
The devices used in those
RCTswere varied.

Four SRsinvestigated the ef-
fect of hometelehealth on the
clinical outcomes of HF.

Telephone-based symptom
monitoring, automated
monitoring of signs and
symptoms, automated physi-
ological monitoring (such as
body weight, heart rate, arte-

rial blood pressure, ECGP
recordings), and other data.

Monitoring patients’ body
weight, blood pressure, heart
rate, and/or ECG. Some
systemsalsoincluded consul-
tations.

Monitoring body weight,
blood pressure, heart rate, or
ECG. Patient consultation.

Monitoring body weight,
blood pressure, heart rate, or
ECG. Patient consultation.

Monitoring vital signs
and/or ECG, individualized
education, medication re-
minder.

[8911-1316-21,232426] Thereis sufficient evidence that tele-

(8l

[10,23]

(10]

[14,15,22,25]

monitoring interventions have an ef-

fect on clinical outcomes of HF® in-
cluding areduction in mortality, HF
hospitalization, and al-cause hospital -
ization and improvement in QOLd.

Thereis not enough evidence to sup-
port conclusions about the effect of
video monitoring on HF outcomes as
the number of trialsis small.

Based on thisreview, thereisinsuffi-
cient evidenceto determinethe effect
of mobile phone-based monitoring
on HF clinical outcomes.

There is some evidence that the use
of PDA devicesis effective in reduc-
ing HF mortality.

Thereisnot enough evidence to make
decisions about the effect of PDA in-
terventions on the other clinical out-
comes of HF.

Based on the results of thisreview
thereis some level of evidence from
trials that home telehealth has an €f-
fect on HF clinical outcomes such as
mortality, health care utilization, and
QOL.

835R: systematic review.

beCG: electrocardiogram.

°HF: heart failure.
dQOL: quality of life.

®RCT: randomized controlled trial.

Population

Among 19 reviews, 16 reviews[8-11,13,14,16-25] reported the
mean or range of participants' age and/or New York Heart
Association heart failure classification. The highest reported
mean age was 86 years [16] and the lowest was 44 years [16].

http://www.jmir.org/2017/1/e18/

Of the reviews, 10 systematic reviews [8-11,13,16-18,20,25]
documented the New York Heart Association classes I-1V, 2
systematic reviewsreported classes|1-1V [21,22], 1 systematic
review reported classes I11-1V [19], and 1 systematic review
described participants as having a mild or moderate class of
heart failure [14]. The rest of the reviews did not report heart
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fallure classfication (Table 1). One systematic review
investigated studies focused on patients with heart failure
following discharge after a recent episode of hospitalization
[11].

Effect of Interventionsor Clinical Outcomes

Statementsrelated to intervention effectiveness were determined
using the evidence rating scheme for each review and
summarized within each intervention category (Table 4). Out
of 19 systematic reviews, 9 reviews showed a reduction in
all-cause mortality [8-11,13,16,17,20,21] and 5 reviews showed
a reduction in all-cause hospitalizations [11,18,19,23,25]. A
tota of 6 reviews reported a reduction in heart failure
hospitalization [8,11,17,20-22], 2 reviews reported a reduction
in length of hospita stay [9,11], and 1 systematic review
reported a reduction in emergency department visits [18].
Improvement of QOL wasreportedin 3 reviews[11,21,23] and
self-carein 1 review [15].

Telemonitoring has been shown to reduce mortality (risk ratio,
RR, 0.66, 95% Cl 0.54-0.81, P<.001) [9]. Also, 24 hours
telemonitorirng over 7 days (hazard ratio 0.76, 95% CI
0.49-1.18), and telemonitoring during office hours (hazard ratio
0.62, 95% credible interval 0.42-0.89) [11], (risk ratio 0.77,
95% Cl=0.61-0.97, P>.01) [21], (oddsratio 0.53,Cl 0.36-0.80)
[8] has reduced the rate of HF mortality. The significant effect
of telemonitoring on health care utilization was a so reported
insevera systematic reviews (risk ratio 0.72, 95% Cl 0.61-0.85)
[13], (odds ratio 0.64, 95% CI 0.39-0.95) [8], (risk ratio 0.79,
95% Cl 0.67-0.94, P>.001) [21], (RR 0.93, 95% CI 0.87-0.99,
P=>.01) [19].

Discussion

Principal Findings

This overview reports evidence from 19 unique systematic
reviewsthat have synthesized trials and other studies evaluating
the effects of RPM interventions on heart failure outcomes.
Information on awide range of outcomeswas sought. The most
commonly measured and reported outcomes were mortality
[9,11,17,20,21] and heart failure rehospitalization [9,17-20],
but many others (Table 5) reported and hel ped to inform RPM
outcomes[15-17,19]. Limitationsin the quality of the systematic
reviews included in this overview (Table 2) demonstrate that
thereis alack of high-quality evidence of RPM interventions.
This could be due to the fact that several of the articles were
not designed and structured as systematic reviews based on
validated assessment tools such as AMSTAR.

The results of this overview demonstrate that telemonitoring
has beneficia effects on clinical outcomes of heart failure,
including areduction in mortality, heart failure hospitalization,
and all-cause hospitalization and an improvement in QOL
[8,9,12,14,16-18,20,21,24]. It can be concluded that key
elements of telemonitoring including physiological monitoring
of blood pressure, heart rate, weight, and ECG must form an
integral part of the routine care of patients with heart failure.

http://www.jmir.org/2017/1/e18/
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Although the number and quality of systematic reviews that
examined the impact of home tel ehealth interventions on heart
failure outcomes were limited, the collected evidence suggests
that home telehealth interventions have positive effects of
reduced health care utilization [25] and improved QOL [15].
However, these interventions do not appear to have any effect
on knowledge and self-care [19].

Despite recent advancesin telecommunicationstechnol ogy that
have facilitated clinical use of videoconferencing, the results
of thisoverview (Table4) suggest that thereisalack of evidence
to support the effectiveness of mobile phone—based monitoring
and video monitoring. This may be due to the limited number
of studies investigating the effects of these interventions on
patients with heart failure [8,13,23]. Although mobile
phone—based monitoring and videoconferencing have not shown
to be as effective as telemonitoring in improving heart failure
outcomes, these are accessible, convenient, and widely
acceptableto patients[30,31]. Furthermore, mobile phones have
the capacity to assist patients to receive feedback from and
communicate with health care professionals. With the high
penetration of mobile phones in most countries and rapid
advancement of the wireless network, these interventions have
the potential to beincorporated into highly interactive | CT-based
platforms to deliver health care and disease self-management
programs [31].

This overview has a number of strengths including a
comprehensive search strategy, duplicate screening, data
extraction, and the use of a validated instrument (AMSTAR)
to assess the methodological quality of included reviews.
Mapping the evidence using the validated assessment tool and
synthesizing the results of included systematic reviews, rather
than reporting results of individual primary studies, helped us
to differentiate between outcomes where there was sufficient
evidence related to the heart failure RPM interventions and
identify the gap in the evidence.

There are a number of limitations that must be kept in mind
when interpreting the results of this overview. This overview
only reported articles published in English. In addition, the
information related to the RPM interventionsand their outcomes
has not been retrieved from primary studies; therefore, the
results of this overview are limited by the data reported in the
systematic reviews. Furthermore, all systematic reviews are
prone to publication bias and, therefore, such bias may have
been transferred to our overview. Thereisalso apossibility that
individual studies were included in more than one systematic
review; therefore, double counting is inevitable and this may
affect the results [32].

Considering the lack of high-quality reviews in the current
literature, we recommend that more robust methods are utilized
in conducting and reporting systematic reviews. Thiswill lead
to less evidence but higher quality and, therefore, result in a
well-organized field of literature that is more interpretable by
researchers.
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Table5. Clinical outcomes reported by the systematic reviews.

Bashi et &

Author Clinical outcome?

1 2 3 4 5 6 7 8 9 10 11 12
Kotb et a [8] Yes Yes Yes
Ingliset a [9] Yes Yes Yes Yes Yes
Nakamuraet al [10] Yes Yes
Pandor et al [11] Yes Yes Yes Yes Yes
Smith [12] Yes Yes
Xiang et a [13] Yes Yes Yes
Ciereet a [14] Yes Yes
Radhakrishnan and Jacelon [15] Yes
Giamouzis et a [16] Yes Yes Yes Yes Yes
Clarkeet d [17] Yes Yes Yes Yes Yes
Polisena et a [18] Yes Yes Yes Yes Yes
Klersy et al [19] Yes Yes Yes
Maric et al [24]
Chaudhry et al [20] Yes Yes Yes
Clark et a [21] Yes Yes Yes Yes Yes
Dang et a [22] Yes Yes Yes Yes Yes Yes Yes Yes
Hughes and Granger [23] Yes Yes Yes
Martinez et al [25] Yes Yes Yes Yes
Schmidt et a [26] Yes Yes Yes

&Clinical outcomes: 1, all-cause mortality; 2, heart failure mortality; 3, all-cause hospitalizations; 4, heart failure—related hospitalizations; 5, emergency
department visits; 6, quality of life; 7, knowledge; 8, self-care; 9, medication adherence or medication management; 10, length of stay; 11, readmission;

12, costs.

Implicationsfor Practice

Theoverview of systematic reviewsdemonstratestelemonitoring
to be effective in reducing mortality and rehospitalization of
patients with heart failure [8,9,12,14,16-18,20,21,24]. This
required key elements of telemonitoring such as monitoring of
blood pressure, heart rate, weight, and ECG. Health care
professionals who seek a more rigorous and stronger RPM
intervention that is evidenced to improve clinical outcomes of
patientswith heart failure may adopt telemedicine key elements.
Additionally, the intervention taxonomy may assist health care
providersto identify arange of interventionsavailablein relation
to specific outcomes.

Implications for Research

Despite the evidence of effectiveness that resulted from the
studies included in this overview, many areas of uncertainty
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Abstract

Background: Nutrition labels offer the information needed to follow Dietary Guidelines for Americans, yet many individuals
use labels infrequently or ineffectively due to limited comprehension and the effort required to use them.

Objective: The objective of our study was to develop and test a Web-based label-reading training tool to improve individuas
ability to use labels to select more healthful foods. We were particularly interested in determining whether practice can lead to
increased accuracy using labels as well as decreased effort, together reflecting greater efficiency. We compared a basic and an
enhanced, prior-knowledge version of the tool that contained an additional component, a brief nutrition tutorial.

Methods: Participants were 140 college students with an average age of 20.7 (SD 2.1) years and education 14.6 (SD 1.2) years,
who completed 3 sets of practice that were designed to teach them, through repetition and feedback, how to use nutrition labels
to select more healthful products. Prior to training, participants in the prior-knowledge group viewed a multimedia nutrition
presentation, which those in the basic group did not receive. Mixed-effects model s tested for improvement in accuracy and speed
with practice, and whether improvements varied by group.

Results: Thetraining led to significant increasesin average accuracy acrossthe 3 practice sets (averaging 79% [19/24 questiong],
92% [22/24], 96% [23/24] respectively, P<.001), as well as decreases in time to complete with mean (SD) values of 8.7 (2.8),
4.6 (1.8), and 4.1 (1.7) seconds, respectively. In block 3, the odds of a correct answer for the prior-knowledge group were 79%
higher (oddsratio, OR=1.79, 95% Cl 1.1-2.9) than those for the basic group (P=.02). There was no significant difference between
the groupsin block 2 (P=.89).

Conclusions:  Practice led to improvements in nutrition label reading skills that are indicative of early stages of automatic
processing. To the extent that automatic processes are at the core of healthy habit change, this may be an efficient way to improve
dietary decision-making.

(J Med Internet Res 2017;19(1):€16) doi:10.2196/jmir.6583

KEYWORDS
nutrition labeling; dietary habits; automatic information processing; food selection; choice behavior

diet-related chronic diseases[1,2]. The guidelines also call for
manufacturersto include the Nutrition Facts panel (ie, nutrition
The Dietary Guidelines for Americans are designed to support label) on food labelsto hel p individuals make informed choices.
eating patterns that promote health and reduce the risk of ~Deciding which foods are healthy when shopping for oneself
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or one's family can be a daunting task, particularly when
simultaneously factoring in price and convenience. Thus, it is
not surprising that grocery shopping is considered to bethe least
enjoyable (tied with house cleaning) of 28 daily activities [3].
Although nutrition label s can facilitate decision-making, many
individuals do not use nutrition labels effectively or at all [4-6].
Underutilization may be due to alack of understanding of the
information as well as an unwillingness to invest the time to
understand them, which renderslabel stoo effortful to use[7,8].
For example, individuals often have difficulty understanding
the numerical information [9] and what amounts constitute a
meaningful difference in calories or other nutrients when
comparing products[10]. These challenges can lead individuals
to avoid using nutrition labels.

Although many agree that more work is needed to increase
education related to label use [5,6,11], there is no clear
consensus on teaching individuals how to use nutrition labels,
resulting in a wide range of approaches. Label reading tasks
have been incorporated into a larger set of nutrition education
goalsin face-to-face delivery mode[12,13]. Using arandomized
pretest-posttest design, for example, older women (n=98) with
diabetes completed a series (10) of weekly sessionson nutrition,
some of which included demonstrations on how to compare
food labels [14]. The intervention led to increases in nutrition
knowledge, self-efficacy, and label reading accuracy. Another
approach has been to focus more directly on label reading. For
example, researchers conducted a pretest-posttest intervention
on food label reading across 9 weeks (n=43 women) and found
greater gainson label reading outcomesin theintervention than
inthe control group [13]. In asingletraining session, consumers
(n=19) attended a 2-hour lecture at a grocery store, followed
by reading label practice[15]. Theresults showed improvements
in self-reported knowledge and confidence using labels;
however, improvements in label reading abilities were not
reported. However, other studies using a small-group format
within asingle training session have reported improvementsin
label comprehension [16,17]. Evidence linking label reading
training with dietary intake is scarce, but a 10- to 15-minute
training session on how to read nutrition label swas insufficient
to affect sodium intake 3 months|later (label reading ability was
not assessed) [18].

In addition to face-to-face nutrition interventions, there has been
arapid increasein the number of Web-based interventions[19],
which have the advantage of delivering relatively low-cost,
interactive nutrition interventions to a large number of
consumers [19-21].

Some evidence suggests that individuals value Web-based
educational toolsasaway to guidefood choicesin thelong run
[22]. Web-based programs have shown success in improving
the understanding of nutrition aswell asdietary quality [19,23],
even though they do not consistently surpass other methods
[24,25]. However, we are aware of only afew studiesthat have
examined label reading skills [26,27]. In one study that
compared face-to-face and Web-based training, researchers
taught participants 3 nutrition topics, 1 of which was label
reading [26]. The results showed that participants in the
face-to-face training showed greater improvements in label
reading accuracy than those in the Web-based training.

http://www.jmir.org/2017/1/e16/
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However, for the other 2 topics, both delivery formatsimproved
nutrition-related behaviors to the same extent. Specific details
surrounding the nature of label reading activities (eg, focusand
process) were not provided; however, the researchers suggested
that label reading may berelatively more difficult and therefore
participants may benefit more from in-person education delivery
[26]. In this study, we examined the impact of a Web-based
label reading tool to increase label reading accuracy and
decreasetimeto read labels. Thetool was specifically designed
to promote skill acquisition [28] through deliberate practice
[29] and to promote efficiency, that is, increase accuracy and
reduce time due to greater automaticity. Automatic processes
are desirable because they are relatively fast and effortless
compared with more controlled processes [30,31] and can be
developed through intense practice, or repetition [29,32,33]
using tasksthat provide meaningful content and feedback [34].

We examined a basic version of the training as well as an
enhanced version that provided prior nutrition information, in
the form of self-paced dlides. Past work has shown that prior
knowledge supportsthe acquisition of new knowledge and skills
[35], and correlational studies have shown associations between
prior nutrition knowledge and label comprehension [36]. Thus,
participants were assigned to the basic group or an enhanced,
prior-knowledge group to determine whether label reading
accuracy increased, and time to read labels decreased, with
practice and whether prior knowledge affected practice effects.

Methods

Recruitment

Participants were 140 college students with an average age of
20.7 (SD 2.1) years and education 14.6 (SD 1.2) years, who
were enrolled in 1 of 2 consecutive quarters of an introductory
psychology course. Recruitment occurred through aWeb-based
portal that listed the following eligibility criteria: ability to read
from acomputer screen and use acomputer mouse, and English
language fluency. To balance the number of participants within
groups, assignment occurred through a Web-based system by
alternating between the 2 conditions at sign-up, with the first
participant each quarter randomly assigned to a group. Ethical
approval was obtained from the Institutional Review Board at
the University of California, Davis.

M easur es of Demographicsand Prior Food L abel
Experience

Participants completed a demographic survey, followed by
measures assessing prior food label experience including
self-reported food label use and nutrition label numeracy.
Self-reported food label use was assessed using the question:
“I"d like you to think about the labels on many food products
that list ingredients and provide nutrition and other information.
When you buy a product for the first time, how often do you
read this information?” [37]. Responses were made on a scale
of 1 (never) to 5 (always). Nutrition label numeracy was
assessed using multiple-choice questions (n=7) requiring
participants to mani pul ate quantitative information, for example,
“Roughly how many servings of this product would you need
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to get 100% of the recommended daily value of iron?’ [38,39].
Scores were the total number of questions answered correctly.

Enhancement (Prior-K nowledge) M anipulation

Those in the prior-knowledge group received a 7-minute
nutrition overview using PowerPoint slides that taught basic
nutrition information (eg, definition of nutrients and energy,
sources of nutrients, diet-health relations). Those in the basic
group did not receive the nutrition overview. Both groups were
then given a multiple-choice nutrition knowledge quiz (18
items), designed to assess learning from the overview for the
prior-knowledge group compared with the basic group.

Nutrition Label Training Task

Two of the most common reasons for using nutrition labels are
to compare foods and select healthful options [40]; however,
individuals lack awareness of what constitutes an important
nutrient difference between 2 products [7,10]. For example,
individuals who were asked to compare 2 similar products paid
attention to nutrients that differed insignificantly across the
products or were not particularly salient for the food type, for
example, paying attention to sodium levelsin cold cerealswhile
ignoring added sugar and fiber [10]. Thus, the task we designed
to develop label-reading skills provided an opportunity to
identify meaningful nutrient differences that signify relative
healthfulness of avariety of foods (eg, cereals, and soups). We
included to-be-limited as well as to-be-encouraged nutrients,
which are often overlooked [6]. Because nutrition label reading
is a complex skill, we targeted the underlying processes
supporting healthful ness decisions and removed other food label
components (eg, pictures of food, claims) that could potentially
slow the early stages of skill acquisition.

The nutrition labels for the training task were based on actual
foodsfrom different meal types (breakfast, lunch, dinner, snacks,
and beverages) and included examples of moreand less healthful
foods within each meal type (eg, potato chips, carrot sticks,
brown rice vegetable bowl, fried fish sandwich). From these
foods, we manipulated the nutrition information to create 200
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pairs for the comparison task. Correct answers were
operationalized in terms of large nutrient differences between
pairs, referred to as large-consistent differences. We also
manipulated small differences, which were madein the opposite
direction, and thusreferred to as small-inconsistent differences.
Finally, in addition to the size of the difference, we manipul ated
the type of nutrient to include micronutrient only (eg, calcium),
to-be-encouraged only (eg, fiber), to-be-encouraged and
to-be-limited (eg, fiber and sodium), and to-be-limited only (eg,
sodium) differences. In general, we expected greater accuracy
for pairswith large-consi stent to-be-limited nutrient differences
relative to to-be-encouraged nutrient differences. On the
contrary, pairs with only small-inconsistent to-be-encouraged
differences would be relatively easier than the others because
this information would be less likely to be used [6], and
therefore less likely to mislead individuals. We included 3
introductory label tasks prior to the focused practice comparing
nutrition labels. The first task described the information
available on a food label (eg, the different types of nutrients,
metric types). The second task (Figure 1) required participants
to locate a specific piece of information on 1 of 3 areas of the
food label (nutrition label, ingredient list, or front of package).
Thethird task consisted of a set of 4 sample comparisonstasks,
followed by the correct answer and answers to any follow-up
guestions.

Thelabel reading training task provided practice using nutrition
labels (pre-2018 format) to compare the relative healthfulness
of pairs of foods. Participants completed 3 blocks, each
containing 24 nutrition label comparisons, followed by feedback
after each comparison (correct/incorrect) aswell astheir percent
correct at the end of each block. For each comparison, 2 nutrition
labels were presented side by side, with instructions to select
the label that represented the more healthful option within the
context of their daily diet (Figure 1). The location of the more
healthful product was counterbalanced across the left and right
sides of the screen. At the end of the training, participantsrated
their perceptions of the training task on a 5-point scale. The
tasks were completed in roughly 60-90 minutes.
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Figure 1. Samples of training materials for locate task (top) and comparison task (bottom).

Which ingredient is most abundant by weight?

Nutrition Facts

o 240wl

(Calories 130 Calones brom Fat 20

= By Viaea

Total Fat 2%
Sanurated Fat 0.5g

hents:
Viater, Tomato Punee (Water, Tomato Paste]. Cocked
White Cracken Ueat Rice. Rec Peppers. Com, Cooked
Black Beans. Contains Less Than 2% Of The Following
Geoen Crll Peppers, Torts Chgs (Whole Keenel
Vieliow Corn, Water. Peanut OIL Sai. Lime)l. Modfied
Wheat Starch, Monserey Jack Chabese Powder (Morbe-
rey Jack Chawte [V, Cropese Culture, S, Enzymes].
Wiy, Busermilic Scids, Salt, Sodum Prosphate, Lacs:
Acxc). Datvpcrate Chaese Flavor Base (Wi, Checdar

[ Craess Culture, Sat. Enymes]. Buser
Busermilk Solds, Sat. Sodum Phosphate). Clantro
S Crass B (Grartde. Morserey Jack And Sems-
$oft Craese [Passeurzod M. Chosss Cutres. Sat
Enymes], Wy, 3t Carc Acss). Veast Exvact, Mok
T F o0 SN, Concentraees Cwcien S1. Say PO
1 Carcentrate. Sexsones (Pagrsa, Spce. Deryaa:
0 Garic. Detydrated Onon). Lower Sodum Natursl
Sea St Sourm Prosphates. Chucken Fiaver (Con
taing, Chcken Stock, Cricken Powdes, Cricken Fat
Spice. Dried Chiposie Chll Peppsr, Com OL, Lime Juice
Cancentrate, Chcken Fat. Natural Flavonng,

Correct answer: a click on “water” the firstingredient in the ingredient list

Which would be the more healthful breakfast sandwich in the context of your daily diet?

Nutrition Facts

Serving Size 123g
Servings Per Container 4

Amount Per Serving

Calories 420 Calories from Fat 240

% Daily Value*

Total Fat 26g 40%

Saturated Fat 11g 54%
Trans Fat Og

Cholesterol 130mg 43%

Sodium 640mg 27%

Total Carbohydrate 29g 10%
Dietary Fiber 1g 4%
Sugars 3g

Protein 13ﬁ

Vitamin A 4% =+ VitaminC 5%

Calcium 15% « lron 3%

* Percent Daily Values are based on a 2.000 calorie
diet. Your Daily Values may be higher or lower
depending on your calone nededs.

Calories 2,000 2.500
Total Fat Lessthan 659 BOg
Sat Fat Less than 20g 259
Chalesterol Lessthan 300mg  300mg
Sodium Lessthan 2400mg 2400mg
Total Carbohydrate 3009 aTsg
Dietary Fiber 25g 30g

Nutrition Facts
Serving Size 123g
Servings Per Container 4

Amount Per Serving

Calories 415  Calories from Fat 240

% Daily Value*

Total Fat 26g 40%

Saturated Fat 11g 54%
Trans Fat Og

Cholesterol 130mg 43%

Sodium 960mg 40%

Total Carbohydrate 299 10%
Dietary Fiber 1g 4%
Sugars 3g

Protein 1#

Vitamin A 5% + VitaminC 4%
Calcium 15% « lron 4%

" Percent Daily Values are based on a 2,000 calorie
diet. Your Daily Values may be higher or lower
depending on your calofie neds:

Calories 2,000 2,500
Total Fat Lessthan 659 B0g
Sat Fat Less than 20g 25g
Cholesterol Lessthan 300mg 300mg
Sodwm Lessthan 2400mg 2400mg
Total Carbohydrate 300g a75g
Dietary Fiber 259 309

Correctanswer: a click on the left label because it is lower in sodium, even though it

is a little higherin calories

Per ceptions of Training

We obtained feedback from participants regarding their
experience with the training tool, drawing on past research on
Web-based training [41]. We assessed participants’ perceptions
of thelabel comparison task to determine whether they felt they
had increased their accuracy and decreased their timeto respond
with practice, and whether they felt their skills would improve
with more practice. We used 2 items: “Regarding nutrition |abel
comparisons you just completed, to what extent did they help
you: i) compare foods more accurately, ii) compare foods more
quickly?" and responses were made on a 5-point scale: 5=very
helpful; 1=not very helpful. In addition, we asked 2 questions
about the entire session to assess perceptions of overal utility:

http://www.jmir.org/2017/1/e16/

XSL-FO

RenderX

“Regarding the entire session, to what extent were the tasks: i)
easy to complete, ii) useful to you?’ We also asked participants
whether they felt they would improve their food |abel reading
skills with additional practice. Responses were made on a
5-point scale.

Statistical Analyses

All satistical analyses were performed using SAS software
version 9.4 (SAS Ingtitute). We tested for differences between
prior-knowledge and basic groups in age, food label use,
numeracy, and education using the Wilcoxon rank-sum test, as
well as sex and Hispanic ethnicity using the chi-square test.
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Accuracy

At the comparison level (accuracy=correct or incorrect for each
comparison), we fitted a mixed-effects hierarchical logistic
regression model to test for the effects of prior knowledge on
training improvement, controlling for sex, self-reported food
label use, numeracy, and comparison type (ie, large-consistent
versus small-inconsistent differences for each pair). Quarter
enrolled was aso included to control for possible differences
between the 2 samples. We tested for interactions between
training block and prior-knowledge group to test for the effects
of knowledge on training improvement. We also tested for
interactions between training block and comparison type to
determine where the benefits of training were the most evident.
Bivariate associations were al so tested for each covariate using
mixed-effects logistic regression models, so that both raw and
adjusted odds ratios (OR) could be obtained.

Timeto Complete Blocks

In addition to accuracy, we explored the amount of time
individualstook to compl ete blocksto determine whether there
was evidence for initial stages of automaticity. Block duration

Miller et al

was defined as the average time to complete each block.
Duration was log10-transformed to achieve normality of the
residuals and analyzed using mixed-effects regression models
that tested for a downward trend in duration with block. We
also tested for the effects of sex, quarter enrolled, self-reported
food label use, numeracy, and prior-knowledge group and its
interaction with block to test for whether prior knowledge
affected duration with practice. Bivariate associationswere also
tested for each covariate, so that both raw and adjusted effects
could be assessed.

Results

Enrollment

Theinitial enrollment included 151 participants; 11 (8 fromthe
prior-knowledge group and 3 from the basic group) were
eliminated because their very low accuracy (at or below the
chance performance level of 50%) indicated that they were
unable or unwilling to follow instructions. The characteristics
of the remaining 140 participants by group are shown in Table
1.

Table 1. Bivariate associations of baseline characteristics with treatment group.

Effect (units) Estimates (SD or SE)? P value
Prior-knowledge Basic
(n=67) (n=73)
Age (years) 20.5(2.1) 20.9(2.2) 31
Education (years) 14.4 (1.3) 14.7 (1.2 .18
Numeracy (number correct out of 7) 45 (1.9) 45(2.1) .86
Self-reported food label use (Likert scale, 1-5) 35(11) 39(11) .04
Female 60% (4.4) 60% (4.6) 92
Hispanic 16% (4.6) 16% (4.4) .99

3Estimates are mean (SD) except for “Female” and “Hispanic,” which arein percent (SE).

There was a significant difference between the groups in their
self-reported food label use, with those in the basic group
reporting dlightly higher label use than those in the
prior-knowledge group. There were no significant differences
in age, numeracy, or education. As a manipulation check, we
examined the effects of prior-knowledge group on nutrition
quiz scores to determine whether the overview of nutrition
increased nutrition knowledge. There was a significant
difference between groups on the nutrition quiz such that the
prior-knowledge group had an average of 64% correct and the
basi c group had an average of 51% correct (P<.001). Numeracy
had a significant effect on the average score (P<.001), but there
were no significant differencesin quiz score dueto sex, quarter,
or self-reported food label use (P=.66, .26, and .14,

respectively).

Accuracy

The effects of predictors on accuracy (odds of answering a
comparison correctly) are shown in Table 2 as univariate
unadjusted and model-adjusted ORs, Cls, and P values. Both

the adjusted and unadjusted analyses on accuracy showed that
on average individuals increased markedly in their accuracy

http://www.jmir.org/2017/1/e16/

with practice. Accuracy increased on average from 79% in the
first block to 92% and 96% in the second and third blocks,
respectively (P<.001) in the bivariate association. In the full
model, the interaction between prior knowledge and block was
significant (P=.02). In block 3, the odds of a correct answer for
the prior-knowledge group were 79% higher than those for the
basic group (P=.02). There was no significant difference
between the groups in block 2 (P=.89).

Accuracy depended on the type of comparison. As expected,
accuracy was higher for pairswith to-be-limited large-consistent
differences relative to other large-consistent differences
(micronutrients, to-be-encouraged only, both to-be-encouraged
and to-be-limited) (P<.001). Toillustrate, in block 1, predicted
accuracy was 80% for the to-be-limited large-consistent
differences compared with 53% for the micronutrient
large-consistent differences. On the contrary, accuracy was the
lowest for the combined to-be-encouraged and to-be-limited
small-inconsistent differences (relative to micronutrients or
to-be-encouraged only) types (P<.001). For example, in block
1, participants had a predicted accuracy of only 78% for the
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combined small-inconsistent differences, but 86% for the
micronutrient small-inconsistent differences.

The magnitude of improvement al so varied by comparison type,
as reflected in significant interactions between training block
and small-inconsistent differences (P<.001), and between
training block and large-consistent differences (P<.001). Pairs
with to-be-limited large-consistent differences showed the
highest proportion of correct responses but were similar to pairs
with to-be-encouraged and combined to-be-encouraged and
to-be-limited differences. Accuracy for the micronutrient
large-consistent differences remained significantly lower across
blocks. In contrast, the pairs with micronutrient

Miller et al

small-inconsistent differences had the highest proportion of
correct responses across al blocks, while the pairs with
to-be-encouraged and to-be-limited  small-inconsistent
differences had lower and similar levels of accuracy. Figure 2
shows average, model-adjusted accuracy differences across
comparison types, by block.

Numeracy significantly predicted accuracy (P<.001), such that,
for every unit increase in numeracy, the odds of a correct
response increased by 11%. However, gender (P=.06),
self-reported food label use (P=.40), and quarter enrolled
(P=.12) all showed nonsignificant effects.

Figure 2. Model-adjusted accuracy for large-consistent (top) and small-inconsistent (bottom) nutrient differences by block. Micro=micronutrients;

TBE: to be encouraged; TBL.: to be limited.
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Table 2. Effects on accuracy, univariate unadjusted (raw) and adjusted.

Effect Unadjusted (raw) Adjusted
Odds ratio 95% Cl P value Oddsratio 95% Cl P value

Manipulation

Prior-knowledge group (reference=basic)  1.03 77-14 .85 1.03 0.76-1.4 .84

Block

3 5.74 4.7-71 4.2 1.6-10.9 .003

2 2.86 24-34 21 0.79-5.7 14

1 1 - <.001 1 - -

Sm%inconsistent differences

TBEb and TBL® .30 .25-.37 45 0.33-0.61 <.001
TBE only 43 .32-.58 .58 0.37-0.90 .01
Micro® 1 B <.001 1 - -

LgF consistent differences

TBE and TBL 29 1943 2.18 1.12-4.22 .02

TBE only 29 2.0-42 2.47 1.2-5.0 A3

TBL only 4.8 3.3-7.2 3.23 1.6-6.3 <.001

Micro 1 - <.001 1 - -
Interactions

Block Prior-knowledge group

3 Knowledge 1.79 1.1-29 .02

2 Knowledge 97 0.66-1.4 .89

(ref) 1 Basic - - -

Block SmInconsistent

3 TBE and TBL 42 0.23-0.78 .006

3 TBE only A7 0.08-0.36 <.001

2 TBE and TBL .60 0.33-0.93 .03

2 TBE only 37 0.17-0.78 .009

(ref) 1 Micro - - -

Block Lg Consistent

3 TBE only 4.6 2.1-10.6 <.001

3 TBL only 18.2 6.1-58.8 <.001

3 TBE and TBL 10.8 4.2-29.0 <.001

2 TBE only 1.34 0.58-3.1 49

2 TBL only 1.80 0.78-4.7 21

2 TBE and TBL 122 0.46-2.9 .67

(ref) 1 Micro - - -
Participant characteristics

Sex (ref=female) 14 1.04-1.9 .03 155 11-22 .01

Self-reported food label use 12 1.02-1.4 .02 1.04 0.89-1.21 .62

Numeracy 12 1113 <.001 111 1.01-1.21 .03

Nutrition overview quiz 13 12-14 <.001 124 1.11-1.40 <.001

Quarter enrolled (ref=2nd) 11 .81-1.5 52 a7 0.55-1.07 A2
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3Sm: Small.

®TBL: To be limited.
°TBE: To be encouraged.
dMicro: Micronutrients.
®Lg: Large.
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Table 3. Time (log duration) to complete blocks with practice, raw and adjusted with back-transformed (exponentiated) coefficients.

Effect Raw SE Exponentiated P Adjusted SE Exponentiated P
(reference level) coefficient coefficients coefficients coefficients

Block (ref) 1 - -

2 -0.28 0.009 0.53 <.001 -0.28 0.01 0.52 <.001
3 -0.34 0.009 0.46 <.001 -0.34 0.01 0.46 <.001
Prior-knowledge group (control) 0.015 0.023 1.04 53 0.015 0.024 1.04 54
Quarter enrolled (2nd) 0.011 0.024 1.03 .63 0.028 0.027 1.07 .27
Sex (female) 0.043 0.025 1.10 .67 0.052 0.026 113 .04
Self-reported food label use 0.006 0.011 1.01 .61 0.006 0.012 1.01 .65
Numeracy —0.003 0.006 0.99 .60 —-0.001 0.007 1.002 .85

Timeto Complete Blocks

Asshown in Table 3, the speed at which individuals completed
the blocks increased with practice. The mean duration of
comparisons was 8.7 (SD 2.8) seconds for the first block,
compared with 4.6 (SD 1.8) and 4.1 (SD 1.7) seconds for the
second and third blocks (P<.001), respectively. Females, 6.0
(SD 3.1), took longer than males, 5.4 (SD 2.6), on average across
blocks (P=.04). Numeracy (P=.85), self-reported food label use
(P=.65), prior-knowledge group (P=.54), and quarter enrolled
(P=.27) were dl nonsignificant in the adjusted model.

Perceptions of the Training

Data on perceptions of training were available for only 101 of
the 140 participants due to a programming error. Within this
subset, the mgority of respondentsrated the training positively,
stating that the training was hel pful or very helpful in comparing
foods more accurately, 77% (78/101), and more quickly, 85%
(86/101). Similarly, most participants indicated that the entire
Session was easy or very easy to complete, 79% (80/101), and
was useful or very useful, 77% (78/101). Participants also felt
that they were likely or very likely to improve their food label
reading skills with additional practice, 76% (77/101).

Discussion

Principal Findings

There has been a paucity of research on nutrition label skill
development. Drawing on the cognitive literature [29], we
developed and tested a Web-based label training tool that
focused heavily on practice. Participants were asked to make
repeated nutrition label comparisons (72 in all) to learn what
constitutes a meaningful difference between 2 products. After
each comparison, we provided accuracy feedback so individuals
could track their performance and adjust their approach. The
findings showed significant improvements in label reading
accuracy as well as decreased time to read the [abels. Despite

http://www.jmir.org/2017/1/e16/

the high number of practice trials, participants viewed the
training tasks as useful and easy to complete.

Most of the past research focusing on nutrition label training
has been conducted faceto face. Thesefindings generally show
that training increases|abel reading accuracy [16,17]. Research
on label reading effects on dietary intake is scant, with 1 study
showing no effects of training on sodium intake; however, the
training lasted 10-15 minutes and no assessments of training
efficacy werereported [18]. A handful of Web-based educational
studies have been conducted, but details surrounding label tasks
are often not reported [26,27]. For example, Park et al [27] used
interactive, self-assessment quizzes with immediate feedback
as part of a Web-based nutrition intervention for college
students. One quiz topic focused on label reading; however, the
nature of the task and the extent of improvement were not
reported.

The results of this study shed light on the components of
nutrition label training that may support long-term skill
development. With practice, individuals were able to identify
important or large nutrient differences between the 2 products
without getting distracted by misleading minor nutrient
differences (ie, those pointing them toward the less healthful
option). Consistent with past research suggesting that
to-be-encouraged nutrients are less likely to be considered [6],
large-consistent to-be-encouraged differences were harder to
evaluate but small-inconsistent to-be-encouraged differences
were easier to ignore (less distracting). These findings build on
earlier work showing that individuals are often unable to
differentiate between insignificant and meaningful differences
when comparing food products [10] and extend it by showing
that the type of nutrient can exacerbate this problem.
Importantly, individuals were able to identify these critical
differences in nutrient levels with less time, suggesting that
automatic processes supported skill development. Participants
subjective experience of the training was consistent with these
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objective measures as reflected in perceptions of increased
accuracy and speed.

The findings surrounding the prior-knowledge manipulation
were consistent with the expectation that nutrition knowledge
supportslabel reading skills[36]. Participants who received the
nutrition overview showed significantly greater improvement
across blocks relative to those in the basic condition. It is
important to point out, however, that the effect of prior
knowledge was small relative to theimprovements across blocks
(ie, the main effect of practice). Nevertheless, it was significant
after controlling for past experience, asreflected in self-reported
food label use (frequency) and numeracy skills. The additional
nutrition knowledge likely supported comprehension of the
various nutrients, daily values, and in turn what constitutes large
versus small differences across products. It could also be that
additional nutrition information motivates individuals to try to
understand and learn new nutrition information [42]. Prior
knowledge did not have a similar effect on increases in speed
with practice. Although this was somewhat surprising, past
work has shown that prior knowledgeis sometimes more closely
associated with accuracy than with speed [43].

The results of this study also indicate that the effects of prior
knowledge, past experience, and numeracy on skill devel opment
differ. Specifically, self-reported frequency of use had little
effect on accuracy; however, food label numeracy was
significantly related to accuracy. Thisfinding is consistent with
research showing that self-reported frequency of label use is
not necessarily indicative of how well food labels are understood
[44].

The potential for nutrition labels to communicate nutrition
information is widely acknowledged, as is the need for more
experimental research to determine how the potential can be
actualized [45]. Training for automaticity offers another avenue
to increase nutrition awareness and improve dietary decision
making. Although somewhat distinct from approaches based
on habit theory, which sometimes downplay therole of nutrition
education and information seeking [46], there is overlap. Both
habit theory and the skill development approach in this study
support the role of automaticity in behavior change. For some
areasof behavior, skill development and knowledge acquisition
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may be necessary to establish the foundation of new habits, as
well as the ingtigation and execution of habits within the
complexities of daily life [47].

Limitations and Future Directions

Although the sample sizewas small, it was consistent with other
studies [18]. The sample was also young and well educated,
making it unclear whether thefindings generalize to middle-aged
and older adults, and those with lower literacy and numeracy.
College students are at risk of making poor dietary choices[48];
however, consumers with lower literacy and numeracy are al'so
at risk [9] and require attention in future label training research.
Another limitation was a ceiling effect on the last block, which
might have prevented usfrom finding greater improvements on
thelast block. Interestingly, participantsfelt they would continue
to improve their label reading skillsif they were to continue to
practice beyond the 3 blocks offered in the training session.
Thus, despite the fact that performance was high, there was
some understanding that skill development could continuewith
sustained practice. More work is needed to develop more
challenging comparisons for educated consumers and examine
dose-response training factors to better understand skill
maintenance over time. Although weisolated the nutrition |abel
from the rest of the package to allow individuals to focus on
the most informationally dense part of the food label, the
nutrition labels, future research is needed to examine nutrition
label skill development as it occurs within the context of other
parts of the package and in other settings (eg, Web-based or
in-store grocery shopping).

Conclusions

Consumers may not bother using nutrition label sif reading them
is too difficult or time-consuming [49]. The findings of this
study indicate that nutrition label-reading skills can become
more efficient using a scalable, Web-based tool to provide
focused practice. To the extent that continued practicewill build
automatic and efficient processes, additional training sessions
may promote habitual and effective use of nutrition labels.
Additional work is needed to determine whether efficient skills
aremore likely to be used when selecting foods to eat, and will
in turn support theinitiation and maintenance of healthful food
choicesin thelong run.
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Abstract

Background: Information and communication technology (ICT) has transformed the health care field worldwide. One of the
main drivers of this change is the electronic health record (EHR). However, there are still open issues and challenges because
the EHR usually reflects the partial view of a health care provider without the ability for patientsto control or interact with their
data. Furthermore, with the growth of mobile and ubiquitous computing, the number of records regarding persona health is
increasing exponentialy. This movement has been characterized as the Internet of Things (IoT), including the widespread
devel opment of wearable computing technol ogy and assorted types of health-related sensors. Thisleadsto the need for anintegrated
method of storing health-related data, defined as the personal health record (PHR), which could be used by health care providers
and patients. This approach could combine EHRs with data gathered from sensors or other wearable computing devices. This
unified view of patients’ health could be shared with providers, who may not only use previous health-related records but also
expand them with data resulting from their interactions. Another PHR advantage is that patients can interact with their health
data, making decisions that may positively affect their health.

Objective: Thiswork aimed to explorethe recent literature related to PHRs by defining the taxonomy and identifying challenges
and open questions. In addition, this study specifically sought to identify datatypes, standards, profiles, goals, methods, functions,
and architecture with regard to PHRs.

Methods: The method to achieve these objectives consists of using the systematic literature review approach, which is guided
by research questions using the population, intervention, comparison, outcome, and context (PICOC) criteria.

Results: Asaresult, we reviewed more than 5000 scientific studies published in the last 10 years, selected the most significant
approaches, and thoroughly surveyed the health care field related to PHRs. We developed an updated taxonomy and identified
challenges, open questions, and current data types, related standards, main profiles, input strategies, goals, functions, and
architectures of the PHR.

Conclusions: All of these results contribute to the achievement of a significant degree of coverage regarding the technology
related to PHRs.

(J Med I nternet Res 2017;19(1):e13) doi:10.2196/jmir.5876
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http://www.jmir.org/2017/1/e13/ JMed Internet Res 2017 | vol. 19 |iss. 1 [e13 | p.187
(page number not for citation purposes)


mailto:cac@unisinos.br
http://dx.doi.org/10.2196/jmir.5876
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Introduction

Overview

The physician-patient relationship traditionally consists of the
total dependence of the patient on the physician. Physicians
need to keep accurate record systemsto storeinformation about
patients and use the records to make diagnoses and
recommendations[1]. In this sense, one important milestoneis
the use of the electronic health record (EHR). Health records
are collections of patient health data, and the EHR is defined
asadigital repository of the health status of patients[2-4]. The
EHR evolved from a number of electronic methods of storing
patients' health data that became a structured and interoperable
approach [5,6]. However, EHRS have some limitations because
their records are based entirely on data reported by health care
providers [3]. Onetrend is allowing patients to have access to
their own health data, making them the owner of such data[7,8].
Therefore, personal health records (PHRS) emerged from the
EHR and are defined as health records related to patient care
that are controlled by the patient [6,9]. The PHR can aso be
defined as arepresentation of the health information, wellness,
and development of a person [10]. The main advantages of the
PHR refer to the ability of patients to maintain data on their
health. However, many challenges need to be overcome to
promote widespread PHR adoption, including how to achieve
interoperability using the EHR, implementation costs, privacy,
security, and the assessment of the effective benefits that the
patient may have [1].

PHRs allow patients to maintain information on their medical
conditions, drugs, and behaviors related to self-care and
self-monitoring of their health [11]. Nevertheless, access
controlled by the patients represents an ever-present concern
because it requires a free but safe balance between system
customizations, privacy, and security controls[12]. In particular,
without the application of security practices, no privacy is
available for the data [13-15]. Another possibility is that the
PHRs accept data obtained from health-rel ated equi pment, such
asaccelerometers, gyroscopes, wireless scal es, wristbands, and
smartwatches. The proliferation of these technologiesis called
the Internet of Things (loT) [16,17]. Among loT application
domains, health care is one of the most attractive, giving rise
to many health-related devices [18]. Data collected from these
objects can complement the PHRs and help detect risks to the
patients health [16]. Nonetheless, existing PHRs have limited
intelligence and can only inform a small subset of users’ health
care needs[19]. In addition, processing PHR data automatically
and combining data from sensors with stored records for
transformation into useful knowledge is another challenge[20].

The PHR works as a platform for patients' and health care
providers' use, enabling the exchange of information with health
care systems [21]. PHR has also emerged as a mechanism for
patients to make appointments with their health care providers.

http://www.jmir.org/2017/1/e13/
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Theaimisto address patients' evolving needs by using specific
methods to improve their care and foresee health issues. The
technol ogies used to process health-related datainclude machine
learning, pattern recognition, applied mathematics, statistics,
expert systems, data sharing, and artificial intelligence
algorithms [22-24]. Moreover, advances in information and
communication technology (ICT) have allowed both the storage
and easy access of large amounts of data, allowing the release
of physical space, facilitating research and the correlation of
data within hospitals. However, the increasing number of
patients who need care, especially with the increased life
expectancy of peoplein severa countries, has been an obstacle
to managing huge databases of medical records.

The health community is constantly facing global epidemics
and issues that transcend countries, such as cancer, influenza,
AIDS, diabetes, and obesity. Patients who migrate or travel
from one country to another could make use of their own PHR
to obtain faster and more efficient health services. With the
increase in the adoption of wireless technology and mobile
devices, this creates opportunitiesto deliver health care services
to patients through a world-standard PHR, although many
challenges remain in achieving these benefits [25].

Electronic Health Records

The EHR, also called the electronic medical record, refersto a
structure in digital format of patients health data that is
maintained throughout their life and is stored accurately in a
repository [2]. Health care providers use EHRs, whose datacan
vary greatly and can include vital signs (such as body
temperature, pulse, respiration, and blood pressure), age, weight,
medications, allergies, medica examination results, and
radiology images that are used to diagnose conditions [2,4].
The EHR is used to support health care professionalsand health
organizations (eg, hospitals, laboratories, or clinics) for the
improved management of patient health data [26]. However,
these hedlth records are usually not stored with the same
structure in different health organizations. These factors hinder
the interoperability of health information among hospitals,
clinics, and laboratories [27]. To address some of these
problems, the PHR concept was proposed in 2006 [6] and was
defined as an ISO (International Organization for
Standardization) standard (ISO/TR 14292) in 2012 [10].

Per sonal Health Records

The PHR refersto a representation of health records related to
the care of a patient that is managed by the patient [6]. In other
words, the PHR refers to archives containing health data about
each patient, but, unlike the EHR, it is managed by the patient
[1,20]. With a PHR, patients can choose to share their health
datawith health care providers or keep them private [6]. Figure
1 illustrates how the PHR and EHR differ in their goals,
although they can be integrated to exchange information that
isrelevant to the patient's health [10].
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Figure 1. Persona health record (PHR) and electronic health record (EHR) relationships. 10T: Internet of Things.
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Multiple EHRs for the same patient can coexist, but only one
PHR would exist. The PHR can integrate data from many
sources, ranging from devices connected to the patient to health
datafrom EHRs stored in health care provider systems[6].

Although the term PHR may refer to records regardless of
format (and can be on paper), the records are implemented
electronically and are accessible through mobile devices
(mHealth). In this sense, PHRs have allowed patients to
self-monitor and manage their own health conditions [23].
Another alternative is medical-oriented PHR, which includes
featuresthat are not patient-centered [11,28]. This PHR can be
“tethered” (tied) to where the data subsets are provided,
including organizations that maintain patient data electronically
[6]. Inthis case, PHRs may be stored in a stand-al one computer
or service portal to which only the user has access [29].

Some variant names for PHR appeared in the literature, such
asePHR (electronic PHR) [7] or UHR (universal health record)
[30]. Thefirst concept refersto the use of PHR in an electronic
format, while the second proposes PHR-sharing datawith health
care providers. Another term isintelligent PHR (iPHR), which
uses medical knowledge to anticipate the health needs of patients
and promote tools to guide searches for diseases and
recommendations for nursing activities or medical products
[19]. Although these different nomenclatures are used, we use
the term PHR throughout this work.

To identify the technology for the PHR and to discuss the main
open issues, this work surveyed the main contributions of the
scientific community over the last decade. The purpose was to
review the PHR literature and describe the existing models. As
away of mapping this scenario, we used the systematic literature
review methodology to choose the studies [31-33]. Asaresult,
we propose an updated and wide taxonomy for PHRs and
indicate further directions for study.

Methods

Study Design
This section focuses on describing the study protocol, which
introduces the adopted procedures and outlines the main

http://www.jmir.org/2017/1/e13/
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subsequent decisions. As previously mentioned, this study
presents a systematic literature review designed to provide a
wide overview of the PHR research area, establish whether
research evidence exists on a topic, and provide quantitative
evidence [31,34]. We selected this type of literature review
approach because our goal was to summarize the technology
regarding PHRs and identify promising directions, which do
not require an in-depth analysis and synthesis. With thisin mind,
we followed widely recognized empirical guidelines[31,34] to
plan and run systematic mapping studies. Moreover, to mitigate
threats to validity, we followed the well-documented study
protocol availablein the studies by Biolchini et a [35] and Qiu
et a [36].

The presented systematic literature review method was carried
out by defining the following activities:

1. Research questions—introduce the research questions
investigated;

2. Search strategy—outline the strategy and libraries explored
to collect data;

3. Article selection—explain the criteriafor selecting the studies;

4. Distribution of studies—present how studies are distributed
chronologically;

5. Quality assessment—describe the quality assessment of the
selected studies;

6. Data extraction—compare the selected studies and research
questions.

The following sections describe how this process of mapping
the study was carried out.

Research Questions

According to Kitchenham and Charters[31] and Petticrew and
Roberts [34], the definition of research questions is the most
important part of any systematic review. Therefore, we seek to
identify and classify the technology related to PHRSs; the
features, problems, challenges, and solutions that are currently
being considered; and the research opportunities that exist or
areemerging. In this sense, we have defined general and specific
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research questions. The general research questions have been
refined into more specific questionsto better provide athorough
classification and thematic analysis, as well as to pinpoint
promising research directions for further investigation. Our
research questions are classified into two categories: general
question (GQ) and specific question (SQ). Table 1 lists all the
research questions investigated.

The GQ group of research questions concerns a broader
classification and some challenges concerning PHRs. GQ1
refersto the question of classifying and defining the taxonomy
for PHRs. Thisresearch question focuses on theinteroperability
capacity that a PHR can have. This question highlights
integration issues of a PHR that is created and maintained by
systems that are devel oped using heterogeneous technologies.
GQ2 refersto the key challengesand issuesin using PHRs. This
isthe main factor that will serveasadirect influenceinthe PHR
survey. The purpose is to identify the types of issues that have

Table 1. Research questions.

Roehrs et al

been raised in the literature in the last decade. The research
focuses on identifying the main problems affecting the spread
of PHR adoption by patients and health care providers. For this
guestion, we are able to reason with regard to the issues and
factors that consequently influence PHR adoption.

With the general research questions, we have also explored
some derived specific research questions (SQ group) to improve
the study filtering process. These questions have been proposed
to pinpoint questions surrounding the adoption of the PHR. SQ1
seeks to identify the data types that a PHR can contain. SQ2
investigates the types and profiles of users who interact with a
PHR. SQ3 examinesthetypes of standardsthat are used in PHR
implementations. SQ4 seeks to show the interaction types that
a patient has with a PHR. SQ5 concentrates on evaluating the
techniques or methods used to input data into a PHR. SQ6
investigates the purposes of a PHR. Finally, SQ7 concentrates
on the types and models of PHR architecture.

Group and identifier

Issue

General questions (GQ)
GQ1
GQ2

Specific questions (SQ)
SQ1

SQ7

How would the taxonomy for PHR? classification appear?

What are the challenges and open questions related to PHRs?

What are the data types that are included in aPHR?

What are the standards that apply to PHRS?

What are the user types and profiles that interact with aPHR?
What are the interaction types of apatient with a PHR?

Which are the techniques or methods used to input information into a
PHR?

What are the goals of a PHR?
What are the types or models of architecture of PHRs?

8PHR: personal health record.

Search Strategy

The next step was to find a complete set of studies related to
the research questions. This process involved the designation
of search keywords and the definition of search scope [34]. In
the construction of search keywords phase, we defined keywords
to obtain accurate search results. In their report, Kitchenham
and Charters[31] suggest breaking down the research question
into individual facets as research units, where their synonyms,
acronyms, abbreviations, and alternative spellings are all
included and combined by Boolean operators. In addition,
Petticrew and Roberts [34] propose the PICOC (population,
intervention, comparison, outcome, and context) criteria, which
can be seen asguidelinesto properly define such research units.

Infocusing on defining the PHR technol ogy, we defined broader
PICOC criteria based on the general research questions. Our
goal was to refine and answer the specific research questions,
which are derived from the general research questions with a
restricted focus. Therefore, under the PHR scenarios, we defined
the PICOC criteria as follows.

http://www.jmir.org/2017/1/e13/

Population

The populations involve keywords, related terms, variants, or
the same meaning for the technol ogies and standards on PHRs.
Therefore, the following search string in Textbox 1 was defined
for the selection.

I ntervention

We used the following terms to better filter studiesin line with
the purposes:. health data, health services monitoring and
reporting, patient monitoring devices, remote health monitoring,
and mobile health care devices.

Comparison

Thiscaserefersto the comparison of different architecture types
and models of implementation of the PHR. In addition, we
compared the different PHR types regarding coverage and
localization.
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Outcome

The outcomes related to factors of importance to practitioners
(eg, improved reliability) and, in particular, to the patient. With
respect to PHRs, this might refer to reducing the cost of
collecting data, improving health information quality,
anticipating potential problems, and allowing the patients to
interact with their health data.

Roehrs et al

Context

In this regard, we analyzed the context of PHR information
coverageintermsof content such as standardization, information
grouping, and security and privacy in the rel ationshi ps between
patients and health care providers.

Hence, the final keyword set is displayed in Textbox 2.

Textbox 1. Search string. PHR: persona health record; PHA: personal health application; PHM: personal health management; PHI: private health

information.

(((“persona” or “patient” or “private”) and (“health”) and (“record” or “application” or “management” or “information”)) or (“patient” and (*access’

or “portal”)) or (“PHR” or “PHA" or “PHM” or “PHI"))

Textbox 2. Final keyword set.

Keywords = PICOC = Population AND Intervention AND Comparison AND Outcome AND Context

In the definition of search scope phase, the source studies were
obtained from sel ected electronic databases by searching using
the constructed research keywords.

Article Selection

Once wefound all the related articles, we proceeded to remove
the studies that were not as relevant and kept only those that
werethe most representative. Therefore, we removed the studies
that did not address PHR specifically. To apply the exclusion
criteria, we used theterms of population and intervention criteria
asfollows:

« Exclusion criterion 1: article does not address PHR or
related acronyms (population criterion I).

«  Exclusion criterion 2; article does not address* health data”
or “health services’ (intervention criterion II).

The steps of the filtering process are as follows: (1) impurity
removal, (2) filter by title and abstract, (3) removal of duplicates,
and (4) filter by full text.

First, the impurities of the search results were removed. Some
impurities, for example, the names of conferences correlated to
the search keywords, wereincluded in the search results because
of the characteristics of the different electronic databases.

Second, we analyzed the title and abstract of the articles and
excluded those that did not address PHR as a subject.

Third, all the remaining studieswere grouped and the duplicates
were removed because some studies were in more than one
database.

Table 2. Quality assessment criteria.

Some studies remained that were not particularly related to this
survey. We analyzed the full text to remove those that were not
relevant.

Quality Assessment

Since it is important and essential to assess the quality of the
selected studies, the quality criterion is intended to verify that
the article is really a relevant study [31]. We evaluated the
selected articles with regard to the purpose of research,
contextualization, literature review, related work, methodol ogy,
the results obtained, and the conclusion in accordance with
objectives and indication of future studies. For this purpose, the
quality was evaluated according to Table 2, where the questions
to which the articleswere submitted to validate that these studies
met the quality criteriaare listed.

Data Extraction

We also developed an evaluation form for the selected articles
in order to gather information about the studies and the sections
where we found answers to general and specific research
guestions, which are presented in Table 3. This table shows
each item of the study related to the research question, allowing
us to assess and extract details of the articles and understand
how the studies have addressed the issues rel ated to the proposed
research questions. The aim wasto direct the survey to specific
points that would answer the research questions.

Identifier Issue

C1 Doesthe article clearly show the purpose of the research?

Cc2 Doesthe article adequately describe the literature review, background, or context?
C3 Does the article present the related work with regard to the main contribution?

C4 Does the article have an architecture proposal or research methodology described?
C5 Does the article have research results?

C6 Does the article present a conclusion related to the research objectives?

C7 Does the article recommend future works, improvements, or further studies?

http://www.jmir.org/2017/1/e13/
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Table 3. Review articlesrelated to the research questions.
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Section Description

Research questions

Open content

Title Title of the scientific article GQ12 GQ2, SQ1°, SQ2, SQ7

Abstract Summary of paper’s purpose, method, and results GQ1, GQ2, SQ1, SQ2, SQ7

Keywords Words representing the text content GQ1, GQ2, SQ1, SQ2, SQ7
Article content

Introduction Introduction specifies the issue to be addressed All questions

Background Section includes concepts and is related to the proposal All questions

Method Presents and describes the scientific methodol ogy All questions

Results Performs an evaluation according to the proposed methodology ~ All questions

Discussion Data that were quantified compared with the literature GQ2, SQ2-SQ7

Conclusion Findings related to the objectives and hypotheses GQ2, SQ2-SQ7

8GQ: general question.
bSQ: specific question.

Results

Recruitment

In this section, we present the results obtained from the 48 fully
assessed studiesrelated to the research topic. We seek to answer
each proposed research question in the following subsections
through elaborative information synthesis. As a result, aside
from answering the research questions, we have also proposed
contributionsin the PHR field from the study of related works,
which are an updated taxonomy and an updated vision about
main challenges and issues, aswell as an updated survey about
datatypes, standards, user types, profiles, and input techniques.

Conducting the Search Strategy

To cover as many related studies as possible, we selected 12
electronic databases as our search scope, which are listed in
Multimedia Appendix 1. These portals cover the most relevant
journals and conferences within the computer science and health
carefield. In Multimedia Appendix 2, we present the publishers
or organization editors and the respective publications of the
selected studies. Duplicated results produced from different
databases were excluded by manua filtering in the study
selection. To limit our search, we set the years to range from
2006 to 2016.

http://www.jmir.org/2017/1/e13/

Proceeding With Article Selection

The selection processis summarized in Figure 2, which shows
the filtering process.

We found 5528 articlesin theinitial search before applying the
exclusion criteria; of these, 3237 (58.55%) articles were
identified asimpurities. We applied the first exclusion criterion
to the studies that remained after we withdrew these articles.
Continuing the process, 1429/2291 (62.37%) articles were
filtered through a title review, and 453/862 (52.5%) articles
were filtered through abstract analysis. We grouped the studies
that remained, and 205/409 (50.1%) articles were identified as
duplicates and were removed. After this stage, exclusion
criterion 2 was applied to the full text and only 97/204 (47.5%)
remained.

When analyzing the 97 candidate articlesin the list, we noticed
that some of these studieswere from the same author or research
group and were similar in many respects. Some of these articles
had been more recent or were even more compl ete versions but
they remained essentially the same methods and techniques.
For articles that were repeated, the most representative article
was selected. Thus, 49 (50%, 49/97) articles were excluded at
this stage. Finally, 48 articles were selected as the baseline for
the study. An overview of al primary studies is presented in
Table4 with theidentifier, reference, publication year, publisher,
and type, which are sorted in ascending order by publication
year.
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Table 4. List of articles.
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Identifier Study, year Publisher Type

A01 Bricon-Souf and Newman, 2006 [37] Elsevier Journal
A02 Tang et al, 2006 [6] Oxford® Journal
A03 Frost and Massagli, 2008 [38] IMIRP Journal
A04 Kaelber et al, 2008 [39] Oxford Journal
A05 Huda et al, 2009 [40] |EEES Conference
A06 Kim et a, 2009 [41] JMIR Journal
A07 Brennan et a, 2010 [3] Elsevier Journal
A08 Castillo et al, 2010 [5] BioMed® Journal
A09 Horan et al, 2010 [23] IMIR Journal
A10 Hudson and Cohen, 2010 [22] |IEEE Conference
All Jones et al, 2010 [42] MLAE Journal
A12 Nazi et al, 2010 [43] Springer Journal
A13 Patel et al, 2010 [44] Elsevier Journal
Al4 Reti et al, 2010 [45] Oxford Journal
A15 Wen et al, 2010 [46] IMIR Journal
Al6 Williams, 2010 [47] AcMmf Conference
A17 Wyniaand Dunn, 2010 [7] Wiley Journal
A18 Archer et a, 2011 [29] Oxford Journal
A19 Baird et a, 2011 [1] ACM Conference
A20 Caligtan and Dykes, 2011 [26] Elsevier Conference
A21 Lafky and Horan, 2011 [14] SAGE Journal
A22 Liuetal, 2011 [48] ACM Conference
A23 Siek et a, 2011 [49] Springer Journal
A24 Zulman et al, 2011 [50] ACPY Journal
A25 Carrion Sefior et al, 2012 [51] JMIR Journal
A26 Emani et al, 2012 [52] JMIR Journal
A27 Fuji et al, 2012 [11] Springer Journal
A28 Kharrazi et a, 2012 [53] Elsevier Journal
A29 Luo et al, 2012 [19] Springer Journal
A30 Steele et a, 2012 [54] Wiley Journal
A3l Sunyaev and Chornyi, 2012 [55] ACM Journal
A32 Agarwal et al, 2013 [56] IMIR Journal
A33 Li et al, 2013[13] |EEE Journal
A34 Nazi, 2013 [57] IMIR Journal
A35 Woods et al, 2013 [58] JMIR Journal
A36 Ancker et a, 2014 [59] Springer Journal
A37 Bouri and Ravi, 2014 [60] JMIR Journal
A38 Cahill et a, 2014 [21] Springer Journal
A39 Chrischilles et al, 2014 [61] Oxford Journal
A40 Ozok et al, 2014 [15] Elsevier Journal
A4l Spil and Klein, 2014 [62] |EEE Conference
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Identifier Study, year Publisher Type

A42 Wells et al, 2014 [25] Oxford Journal
A43 Czgjaet al, 2015 [63] SAGE Journal
A44 Liuetal, 2015[12] Elsevier Journal
A45 Priceet al, 2015 [64] BioMed Journal
A46 Spil and Klein, 2015 [9] Elsevier Journal
A47 Sujansky and Kunz, 2015 [65] Springer Journal
A48 Ford et al, 2016 [66] JMIR Journal

30xford: Oxford University Press.
PIMIR: MIR Publications.
CIEEE: Institute of Electrical and Electronics Engineers.
dBioMed: BioMed Central.
®MLA: Medical Library Association.
fACM: Association for Computing Machinery.
9ACP: American College of Physicians.

Figure 2. Systematic mapping study—article selection. SciELO: Scientific Electronic Library Online.
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In Figure 3, we present the evolution of the selected publications
over the years, ranging from 2006 to 2016. The studies were
analyzed according to the main objectives, as seen in thefigure
legend, where the articles were divided into the groups
“Structures,” “Architectures,” and “Functions” Above each
year, the number of articles published in that year is shown.
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Performing the Quality Assessment

In Figure 4, we present the quality criteria score of the articles
based on the quality assessment criteria proposed in Table 2.

The quality criteria score each article obtained is shown on the
vertical axis and the studies themselves on the horizontal axis,

Figure 3. Publication chronology. The numbers above yearsindicate the n

Roehrs et al

from 1 to 48. Upon analysis, most articles met all the criteria
for evaluation, responding positively to at least 6 out of 7 quality
assessment criteria. For instance, several articles do not
comment on or cite possible future studies in general because
they are conclusive articles, with aconclusion on its assessment.

umber of articles published. Oxford: Oxford University Press; IMIR: IMIR

Publications; |EEE: Institute of Electrical and Electronics Engineers, BioMed: BioMed Central; MLA: Medical Library Association; ACM: Association

for Computing Machinery; ACP: American College of Physicians.
11

tegend 2010
- \
P seructures _—
/ A
* Architectures Ll » 12&':‘“;;\
X runctions ™
[ 5 408 7 7 7
Article Format BioMed N -
Lo 1‘]*::3 &
{_Journat | 2011 2012 2014
rafe s
N 2
Al Alg A25 A36 ~
[ * L yia P2 otord 2 mir | S KL coringer S
2015
wa 2 , A19 | [ 4 A28 » 4 A37 \
Springer ACM IMIR 2013 IMIR N
2 2 2 ] . A20 ] 2 M7 » g A38 *"A‘B\i
-~ Elsevier Elsevier Springer Springer SAGE .
S / Ay
~. / Ala AZ1 A28 A32 A39 ] A4 AR
2006 /2008 2009 " * oxford ‘I " * saGe | " % Etsevier *2 MR | " * oxfara Pt fisevier N
o A [ gn1s » 3 A22 g 29 » g A33 | » w270 P45
AN IMIR ACM Springer IEEE Elsevier BioMed 2016
Al - A03 A0S A16 Az3 A30 A34 A4l Ad6
k "2 eicevier k "L ik [ "L ieee l '[ "Lacm ] M * 2 springer | [ % witey * Mg '[ " * ege ] H T 2L Eisevier | =
AZ AD4 A06 A7 AZ4 A3l A35 Ad2 A4T A48
" 2 oxford 2007 "2 oxford FllMIR | ‘{ ’lwlley T *ace T *acm | ’IJMIR ‘| "2 oxford Hr Springer ’_{ "'JM]R |
Selected Articles

Figure4. Quality assessment of the articles.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

7

=~

QUALITY CRITERIA SCORE
w

[N}

19 20 21 22 23

15 16 18

Data Extraction and Answersto the Research
Questions

Finally, to address the general research questions, we have
identified the following.

1]
17
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GQ1: How Would the Taxonomy for PHR Classification
Appear?

We identified studies that investigated a humber of current
issues that were addressed in the PHR field. Therefore, we
managed to build the proposed taxonomy to gather and organize
the various possibilities for PHRs. By analyzing the selected
articles and seeking to answer this general research question,
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we propose a taxonomy for PHR based on important
characteristics of the model's, and we believe that thistaxonomy
could help to classify, compare, and evaluate different PHR
types. Moreover, this classification can provide an overview of
possible alternativesin terms of aims, content, and architectures.
The proposed taxonomy for the PHR classification is
summarized in Table 5, which is broadly divided into three
groups: (1) Structures, (2) Functions, and (3) Architectures.
Beside each item in Table 5 is a brief description of each
classification. The specific research questions (SQ1 to SQ7) are
included in the taxonomy, which was devel oped through analysis
of the selected articles.

Table 5. Persona health record taxonomy.

Roehrs et al

GQ2: What Arethe Challenges and Open Questions
Related to PHRS?

To answer this question, we listed and identified challenges,
open questions, aspects, issues, and common concerns in the
adoption of PHR among the analyzed studies. These aspects
were collected and are presented in Table 6. As seen, the content
is split to group some of the common characteristics of
challenges and concerns (GCC, group of challenges and
concerns) related to collaboration and communication (GCC1),
privacy, security, and trust (GCC2), infrastructure (GCC3), and
integration (GCC4). The subject matter that is most commonly
cited is separated by item, with the identifiers ranging from
CCO01 to CC15.

Group and item Description

Structures

Data types

Standards
Functions
Users profiles
Interaction
Data source
Goals
Architectures
Models

Coverage

Main data types and standards used in health records

Data types found in PHRS? (see subsection SQ1°)
Standards to which PHRs can adhere (see subsection SQ2)
Depicts the main goals and features present in the PHRs
User types and profiles that interact (see subsection SQ3)
Patient’s interaction types with a PHR (see subsection SQ4)
Techniques for input of information (see subsection SQ5)
Represents the aim of the PHR (see subsection SQ6)
Architecture types and scopes (see subsection SQ7)
Describes the main architecture models

Has a physical location division for data

3PHR: personal health record
bSQ: specific question
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Table 6. Personal health record challenges and concerns.

Roehrs et al

Group and identifier

Challenge and concern

Reference articles

GCC1? collaboration and communication

ccorP Context-aware computing A01, A4l

CCo2 Wearable computing, 10T® AOL, A28

CCO03 Ald applied to health AO01, A10, A16

CCo4 Personalization, usability, familiarity, comfort A02, A07, A19, A22, A29, A40, A42,
A45

CCO05 Manage medications A23, A29

CC06 Patient-generated data A22, Ad2, Ad4, Ad5, A47

GCC2: privacy, security, and trust

CCo7 Confidentiality and integrity
CCO08 Data repository ownership
CC09

CC10 Secure transport protocol

GCCa3: infrastructure
CC11

CC12
GCC4: integration

CC13
CC14 Terminology
CC15 Interoperability

Authorization and access control technologies

Portability—devices, equipment, hardware

Efficiency and scalability

Patternsin collecting medical data

AQ7, A08, A19, A29, A42, Ad5, A46
A13, A16, A19, A45, A47

A02, A07, All, A16, A21, A22, A31,
A40, A42

A16, A22, A42, A47

All, A18, A21, A23, A24, A28, A30,
A42, Ad3, A44

AO0L, A40, A4l, Ad4, A45, Ad6

A13,Al7, A42, A47
A22, A29
A13,A16,A21

8GCC: group of challenges and concerns.
bee: challenge and concern.

%loT: Internet of Things.

Al artificial intelligence.

In GCC1 group, there are challenges and issues related to
collaboration and communication, ranging from data types to
be stored and made available in the PHR to policy barriers to
limit the provided information type. Some articles mention the
PHR datathat are available according to the context awareness,
such as CCO01, and some articles discuss wearable computing
and loT, such as CC02. Other articles examine artificial
intelligence that is applied to the health sector in CC03. The
customization, usability, familiarity, and comfort when using
the PHR is the subject matter of severa articlesin CC04, and
the management of medications contained in the PHR is
reviewed in CCO05. The GCC2 group presents issues related to
privacy, security, and reliability that are presented in PHRs:
CCO07 addresses confidentiality and integrity issues. CC08 refers
to data repositories and their owners. CC09 examines access
control technologies. CC10 includes a discussion on data
transport protocols. The GCC3 group treatsissuesrelated to the
infrastructure of PHRs, in which CC11 discussesthe portability
of devices and equipment used withaPHR. In CC12, issueson
the efficient construction of computer systems and the scal ability

http://www.jmir.org/2017/1/e13/

of the infrastructure used to support PHR solutions are
discussed. Finaly, in the GCC4 group, concerns about
integration are examined, such as in CC13, which concerns
patterns in collecting medical data. CC14 presents concerns
about the terminology used to collect and store PHRs.
Additionally, CC15 addresses issues about interoperability.

Regarding the specific research questions, we have identified
the following:

SQ1: What Are the Data Types That Are Includedin a
PHR?

To answer this research question, we analyzed all selected
studies that involved research of the data types used in PHRs,
which are summarized in Table 7. Through the analysis of
proposals and references in selected articles, we were able to
obtain an updated set of data types related to PHRs. The data
types ranged from information cited in many studies, such as
those on alergies, immunizations, and medications, to types
that are not frequently mentioned, such as genetic information
and home monitoring data.
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Table 7. Personal health record data types.

Roehrs et al

Type Description Reference articles

Allergies Allergies and adverse reactions A02, A12, A16,A18, A20, A25, A28, A30, A35, A39, A40, A4l, A46
Demographic Patient statistics and clinical data A03, A20, A35, A39, A0, A43

Documents Attached files (photos, scanned documents) A07, A20, A28

Evolution Progress and clinic notes, care plan A07, Al14, A18, A34

Family history Family medical history A02, A12, A16, A18, A20, A25, A28, A37

General Patient registration information, emergency contact A03, A12, A16, A18, A28

Genetic Genetic information A16, A25

Home monitor Home-monitored data A02, A18, A25

Immunizations

tions
Insurance Insurance plan information, coding for billing
Laboratory results Laboratory and imaging test results (Iaboratory tests)

Major illnesses List of major diseases

Medications Medication list prescribed, past medicines taken
Prescriptions Medical prescription refills (renewing)
Prevention Preventive health recommendations

Providers Previous health care provider list

Scheduling Appointments, past procedures, hospitalizations
Socia history Social history, lifestyle (health habits)
Summaries Admissions, permanencies, and discharges
Vital signs Status of bodily functions

Immuni zation records (vaccine), tracking immuniza-

A02, A09, Al12, A16, A18, A19, A20, A25, A28, A30, A32, A37

Al6, A18, A28

A02, Al12, Al4, A16, A18, A19, A20, A25, A28, A32, A35, A43
AO3, A02, A12, A18, A25

A02, A07, A12, A16, A18, A20, A25, A28, A35, A39, A4l
A4, A09, Al12, Al5, Al7, A43, A46

A12, A18, A32, A40, A46

A02, A18, A28, A30, A37

A02, A12, A16, A18, A20, A25, A28, A35, A37

A02, A12, A18, A25, A40

A39, A35, A43

A16, A30, A35, A37, A40

SQ2: What Are the Standards That Apply to PHRs?

Some providers use proprietary formatsto organize their health
recordsthat are used only by internal applications, each of which
has a different format [7,65]. Thus, to answer this question, we
focused on open standards, which are summarized in Table 8
and present a vast number of data organizational patterns for
health records. Table 8 lists the referenced standards (group of
standards, GS) according to their goas. nomenclature and
terminology (GSL), privacy (GS2), structural and semantic
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(GS3), and templates and technol ogy platforms (G$4). In group
GS1, standards regarding nomenclature and terminology were
grouped. Group GS2 contains only one standard that addresses
privacy. In the GS3 group, severa structural and semantic
standards are presented. Finally, the GS4 group is related to
templates and technology platform standards. We were able to
identify some standards from the research on integrations and
related projects, such as openEHR [67], which is integrated
with the DICOM (Digital Imaging and Communications in
Medicine) standard and others.
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Table 8. Main personal health record—related standards.

Roehrs et al

Group and standard

Description

Reference articles

GS1%: nomenclature and terminology

HNA/NICP Classifications of nursing activities and interventions
1CDx Family of international classification of diseases
LOINC Code names for identifying medical observations
SNOMED CT Terminology collection of medica terms
UMLS System of medical vocabularies

GS2: privacy
HIPAA USA legislation for medical information

GS3: structural and semantic

A29

A1l, A28, A29, Ad4
A47

A1l, A28, A47
Al1,A13

A09, A22, A25, A35

ASC X12N Accredited standards committee X12-INS A45, A47
CCD Specification for exchange clinical documents All, A47, A48
CCR Specification for sharing continuity of care content Al1, A33
CDA Specification for clinical notes All, A47
DICOM Standard for medical digital imaging All

EN 13606 A25

EHRC standards in Europe
HL7/FHIR/SMART

Family of standards and platformsbased onthe HL 7 reference  A11, A18, A28, A42, A43, A45, A47

model

1sod TR (Technical Report) 14292 (PHR) and ISO/IEEE 11073  A01, A03, A20, A23, A25, A38, A43,
Personal Health Data (PHD) A47

openEHR Open standards specification in eHealth All

xDT German family of data exchange formats A04

G$4: templates and technology platforms

OpenMRS
Record System

OSCAR
Resource

Platform and reference application named Open Medical A42

EHR system named Open Source Clinical Applicationand  A42

8GS: group of standards.

PHNA/NIC: Home Nursi ng Activities/Nursing Interventions Classification
®EHR: electronic health record.

450: International Organization for Standardization.

SQ3: What Arethe User Typesand Profiles That I nteract
With a PHR?

Upon analyzing the selected articles, we identified a set of
profiles or user types that have access to the electronic patient
record, which vary from the physician, who is primarily
responsible for the PHR information, to the patient. The types
of access also include the possibility that some data may be
publicly available, for example, on social networks[19]. There
are multiple stakeholders involved in accessing the PHR, such
as patients, providers, employers, payers, governments, and
researchingtitutions[6]. In Multimedia Appendix 3, we present
the details of the profiles that have been identified. We can see
that the physician is widely referenced, while the nurse and
administrative profiles are not cited as often. Among the laity,
the patient profile is often cited; however, the relative or
guardian profile is less commonly cited. We aso included a

http://www.jmir.org/2017/1/e13/

public profile because patients might share their information
anonymously in some cases or for other casesin which public
administration sectors provide open statistical data.

In the following section, we present a brief description of the
perceived profiles:

Physician or doctor—the physician, in this assessment, is the
health professional profile responsible for reporting patient data
in consumer electronic records.

Nurse—according to the International Standard Classification
of Occupations [68], nursing professionals provide treatment,
support, and care for people who need nursing care owing to
the effects of aging, injury, disease, or other physical or mental
impairments or face potential risks to their health.

Administrative—this profile refers to all administrative health
professionalswho are not directly linked to the data generation
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but have informational access for bureaucratic, statistical data
gathering or financial information needs.

Patient or consumer—this profile refers to the PHR principles;
some authors also refer to the patient as a consumer of health
care[14,26].

Relative—this profile is composed of parents, guardians,
caregivers, responsible legal individuals, or anyone who has
the patient’s permission to access his or her PHR.

Public or anonymous—thisrefersto profileswith external access
in an anonymous or public way, such as ingtitutions, the
government, researchers, health plans, third parties, and even
social networks.

SQ4: What Are the I nteraction Types of a Patient With
aPHR?

This research question seeks to describe the interaction types
of a patient with a PHR, that is, the types of relationships that
apatient hasusing the PHR. In the following section, we present
a brief description of the interaction types that were identified
when analyzing the articles:

Table 9. Techniquesfor inputting information into personal health records.

Roehrs et al

Direct—in this case, the patients are the owners and manage
their health datain the PHR. Reference articles: A02, A05, AQ9,
A12, A25, A26, A31, A48.

Indirect—in this case, the patient has read-only access and
cannot edit the data. The health care providers are the owners,
and the patient can only download or print the health records.
Reference articles: A0, A05, A22, A25, A26, A0, A4l, A42.

Outsourced—in this case, the patient authorizes athird party to
handle the health data or the responsible parties (eg, parents)
manage the patient's health records. Reference articles: A02,
AO03, A04, A07, A18, A24, A25, A28, A37, A4s.

SQ5: Which Are the Techniques or Methods Used to
Input Information Into a PHR?

Another result was the identification of techniques and actors
that interact in the process of data collection for inputting into
aPHR. Table 9 presents some answers to this specific research
guestion, summarizing the techniques of inputting the relevant
datainto PHRs.

Techniques and profiles (actors) Description

Reference articles

Data collaboration (T1?%)

Health professionas

Collaboration between multiple health care professionals. Health

A08, A09, A12, Al5, A22, A23

care providers are the owners (paternalistic relationship).

Patient reports (T2)

Patient
or menstrua period data.

Adaptive platforms (T 3)

Environment

Patient reports data, for example, listing drugs that are being used

Aggregate sources provisioning individualized personal eHealth

A23, A26, A47

AO01, A26, A38, A43, Ad4

services combined with context information, including monitoring
sensors. Patient and health care providers collaborate for inputting

datainto PHRP.
Anonymization (T4)

Anonymous Anonymizing socia network data.

Al6, Ad4

&T: technique.
PHR: personal health record.

Thisinformation follows standards and isintended to structure
and standardize the data provided. We list the main actors that
providethe data, including health professional s and the patients
themselves, which are gathered from the environment, including
anonymously. The techniques (T) identified for inputting data
range from data collaboration (T1), to patient reports (T2),
adaptive platforms (T3), and anonymization (T4). Table 9 also
includes articlesin which these techniques and actors are cited.
In short, this was the actors' group that was identified with a
relevant interaction in collecting datafor inputting datainto the
PHR.

SQ6: What Are the Goals of a PHR?

Thisresearch question includesthe main goals of the PHR. This
guestion is intended to identify the purpose that a PHR hasin
a broad context and that applies to any profile that has access.

http://www.jmir.org/2017/1/e13/

In the following section, we present a brief description of the
interaction types:

Consult—inthiscase, the purposeisto allow the profileto only
consult (inread-only mode). Referencearticles: A0, A03, A07,
A10, A13, Al15, A16, A17, A21, A39, A47.

Maintain—in this case, the user profile is allowed to maintain
and control the health records. Reference articles: A09, A16,
A18, A22, A29, A33, A37, A46.

Monitor—in this case, the PHR isin monitoring mode and can
send aerts or warnings for one or more profiles; the goal isto
help the patients monitor their health. Reference articles: AOL,
AQ7, A10, A20, A23, A25, A29, A40, A43, A45.
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SQ7: What Are the Types or Models of Architecture of
PHRs?

The purpose of this question is to identify the types or models
of architecture in which a PHR can be implemented. When
analyzing the articles, asseenin Table 10, the architecture types

Table 10. Persona health record architecture types or models.

Roehrs et al

(architecture group, AG) were split into two groups. model
(AG1) and coverage (AG2). The first group, AG1, describes
the main architecture models. The second group, AG2, divides
the data based on the physical location, that is, the scope of the
PHR.

Group and item Description Reference articles

AG1% model
On paper Health records are kept on paper A08, A20, A22
Inside PHRP iskeptinlocal repositories, insidethe provider, for example  A02, A03, A16, A20, A31
Outside PHR isdistributed or shared between servers outside the provider A01, A03, A24, A35
Hybrid PHR is distributed inside and outside the provider A02, A10, A28, A35, A47

AG2: coverage

Stand-alone Data coverage is used only in the provider area
Local Areaisat the city level

Regional Data are used in the state or province

National Coverage encompasses the nation

International Coverage transcends the nation

All, A26, A45, Ad6
AO03, All1, A20, A29, A35
A02, A04, A25, A37, A45
AQ9, A12, A28, A34, A35
AQ9, A16, A28, A30

8AG: architecture group.
bPHR: personal health record.

Discussion

Principal Findings

In this study, we sought to identify aquantitative and qualitative
sample of studies that enabled usto obtain a clear overview of
the technology regarding PHRs in the last 10 years from a
number of candidate articles. This research sought to highlight
some of the most relevant studies of the field according to
certain systematic selection criteria. The survey sought to
identify several common aspects of studies by answering a
number of research questions. As a result, we were able to
propose a PHR taxonomy and identify gaps to be further
researched that represent challenges and issues that have been
detected in recent years. These aspects range from patients
concerns to providers problems regarding PHR adoption. In
addition, we have identified the data types included in PHRS,
an updated tabulation of the data standardization, access profiles
and their characteristics, and, finally, a classification of input
techniques. We aso identified other common and related
aspects. These opportunities are discussed as follows.

GQ1: How Would the Taxonomy for PHR Classification
Appear?

For the GQL1 research question, we sought to define a PHR
taxonomy, which is presented in Table 5. Our proposed
taxonomy illustrates the PHR types and their organization
according to several studies that were analyzed. We primarily
identified three major groups of PHR organization types. (1)
Structures, (2) Functions, and (3) Architectures. From these
groups, we were able to examine the PHR types in depth to
understand each one of them. These groups aso showed that

http://www.jmir.org/2017/1/e13/

there are PHR application initiatives on several fronts with
concerns that range from features and content to architectural
format in terms of PHR implementation [54].

GQ2: What Are the Challenges and Open Questions
Related to PHRs?

For the GQ2 research question, we sought to define the main
challenges and issues regarding the use of PHRs. There are
many open questions to be further researched in the area of
PHR. The challenges and constraints in the adoption of PHRs
arediverse. Someresearch resultsindicate problems of usability,
privacy, security, and complexity in the use of PHRs, ranging
from fears of including erroneous data to the difficulty of
interpretation as the main difficulties [1,48]. In Table 6, we
describe some challenges and i ssuesthat may giveriseto future
studies. According to the number of itemsin each group in the
table, we notice a greater concern with the first three groups,
although we cannot claim this assessment as being definitive.
One possibility that we touch upon for this observation is that
the integration of standards and interoperability, as well asthe
nomenclatures and terminologies, are aready in a stage of
stability and consolidation. Thisleads usto reinforce the thesis
that the concerns of the authors at thistime are theissues raised
by the first three groups of problems. That is, the concerns and
challenges are more focused on discussions regarding
confidentiality, integrity, authorization, access control,
portability, efficiency, scalability of solutions, and issuesrelated
to user experience.
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SQ1: What Are the Data Types That Are Includedin a
PHR?

With respect to the SQ1 research question, we sought to define
an updated ranking on datatypesin PHRs. Upon analyzing the
studies, we observed that PHR data types have evolved since
the first PHRs[6,37]. The data types found include groups that
are not usually included in EHRs. Among the EHR stored data
are medications, prescriptions, scheduled appointments, vital
signs, medical history, laboratory information, immunizations,
summaries, scanned documents, billing information, and
progress notes about changes in the patient's heath [4].
However, in PHRs, new data types have emerged, including
genetic information [47,51], medical advice (recommendations),
and prevention concerning the patient's health, as well as data
types with recommendations for prevention and home
monitoring data [9,15]. Other data types that appear in PHRs
are allergies, patient registration data, and insurance plan
information, including demographic data such as age, sex, and
education. Furthermore, information on the patient’s family,
socia history, lifestyle, food, diet, daily activities, and alist of
providers who treated the patient previously are included in
PHRs.

SQ2: What Are the Standards That Apply to PHRS?

For the SQ2 research question, we sought to define a current
view of PHR standards. The result was the identification of the
current list of existing data standards used in PHRs. We
observed severa standards that were maintained by various
stakeholdersthat werelocated in different countries and regions.
We were also able to observe a consolidation of some patterns
in the articles’ citations, such as 1SO [4,10] and HL7 (Health
Level Seven) [29], which are used to define and establish
interoperability between the systems. When anayzing the
articles, it was observed that all the standardslisted can be used
directly or indirectly with a PHR. However, their purposes are
diverse. Some standards have specific goals, for example,
DICOM [42] and SNOMED CT [65], while others have broader
purposes, for example, HL7 [29] and openEHR [67], which can
beintegrated with other specific standardsto render the solution.
Finally, weidentified some open systemsor platformsthat serve
astemplates, which use some of the listed standards to propose
management solutions for patients' health data.

SQ3: What Arethe User Typesand Profiles That I nteract
With a PHR?

In the SQ3 research question, we sought to define the PHR user
types and profiles that address PHR. The result was the
identification of updated profilesaswell astheir characteristics.
For the security and privacy of the health data, the answer to
this research question offered a clear definition of the profiles
that are alowed access to the PHR and what their
responsibilities are [11]. In terms of access profiles, athough
the PHR is focused on personal use, the ideais that a patient
can also delegate access to third parties by choice or necessity,
asinthe case of children or people who need special care. These
third parties can access al or only specific parts of the PHR
dataset. Patients can sharetheir PHR for various purposes. Such
patients may be minorswhose parents need to sharetheir health
data with physicians, people with special needs who require
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constant monitoring, or even patients who wish to share their
health data with other physicians. By analyzing the selected
articles, it was possible to find multiple profilesthat have access
to the PHR. We can therefore highlight the following profiles:
patients, physicians, nurses, relatives, administrators, and the
public. A physician’s tasks include recording the health
information and medical history of the patients as well as
exchanging information with practitioners and other health care
professionals [68].

In cases where patients need emergency care, a primary care
physician usually treatsthem. If more specialized careis needed,
the physician indicates the need for a specialist. Furthermore,
physicians must report births, deaths, and notifiable diseasesto
the government. Because the PHR is composed of health data
that are stored for alifetime, many physicians edit the PHR over
time. Otherwise, in the case of an administrative profile, these
professional s usually have limited and controlled access to the
medical records. Thisprofileis considered internal access, which
is not to be confused with external accessinstitutions. With the
patient profile, the user can manage the information provided
in his or her repository. The purpose is for patients to have
access to their health data and use them throughout their lives
[65]. Thisset of information is established at different moments
over time, for example, for each medical consultation, laboratory
test, and hospital admission. Nevertheless, there is a clear
distinction between what was reported by health professionals
and what the patient reports. Thus, the PHR offers an exact
distinction between what was reported from each profilein its
repository. In the case of a relative profile, some authors
distinguish these profiles in terms of accessing the PHR with
somelimitations or full accesswith the permission of the patient
[5,23,65]. Additionaly, in the case of public or anonymous
profiles, the health data can be accessed in alimited or shared
way, in which the PHR has a public and social nature to help
other patients [47].

SQ4: What Are the I nteraction Types of a Patient With
aPHR?

In the SQ4 research question, we were able to identify three
types of patient interactions with the PHR. In the first type,
according to the definition of the PHR in 1SO 14292 [10], the
patient manages and controls the health data directly. In the
second case, the patient only acts in a supporting role as a
complementation of EHRs but does not have effective control.
Finally, inthethird type the patient outsources the management
of the health data to a responsible person.

SQ5: Which Are the Techniques or Methods Used to
Input Information Into a PHR?

Regarding the SQ5 research question, we sought to define the
main techniques to input data into the PHR. As a result, with
the analysis of the selected articles presented in Table 9, we can
identify the techniques and profiles of the actors who use them.
In the data collaboration (T1) technique, different health
professionals accessthe PHR aside from the patient. The patient
remains the PHR owner, but health professionals collaborate
on input records in an identifiable and controlled way. In the
second case, patient reports (T2), patients alone are in charge
of inputting their medical record data without any support. In
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the third form, adaptive platforms (T3), the reported data and
the data collected from the EHR are integrated with the PHR
data. In this case, data obtained from different sources and
contexts are combined. The purpose is to provide better
management of the patient's condition. For instance, it would
be possible to provide real-time access to sensitive patient
information and ease communication among patients and
providers. In the case of the anonymization (T4) technique,
medical datacan beintegrated with asocial network, wherethe
patient can share his or her status anonymously and receive
contributions from other users.

SQ6: What Arethe Goals of a PHR?

In the SQ6 research question, we sought to identify the PHR
use purposes. This research question is related to the specific
question SQ3, which aimsto identify the objectives of the user
profiles when accessing the PHR. We have identified three
objective types. In the first case, the user profile accesses the
PHR to only verify the health data without manipulating them.
One example hereincludes health professional s or administrators
who have permission to only view the data. In the second case,
the user profile has permission to manipulate the data. In this
situation, it is important to highlight the need to identify and
control the profile that has changed the data and which data
have been changed. In the third case, the user profile only
monitors the records. An example of this might be a case in
which the PHR receives data from sensors (IoT) and can send
alerts depending on a situation.

SQ7: What Are the Types or Models of Architecture of
PHRS?

Finaly, in the SQ7 research question, we identified the
architecturesrelated to PHRs. We divided them into two groups:
types (AG1) and coverage areas (AG2), as seen in Table 10. In
the case of architecture models, some articles state that health
data are still stored on paper in many places, and other
institutions have evolved into the proposed hybrid architectures
with the PHR distributed inside and outside the health care
organizations. In the case of the possibilities of coverage areas,
weidentified typesranging from astand-alone PHR onasingle
machine to PHRsthat can be taken from one country to another
following an open international standard.

Limitations

This research is limited to aspects related only to PHRs rather
than also including EHRs or electronic medical records, for
example. Inthissense, thereview focused exclusively on articles
addressing the inherent PHR concepts. This research sought to
answer the research questions that were proposed in order to
obtain an outline of the current literature related to PHRswithout
specifically assessing any computer system that refers to the
use of PHR. The research was limited to obtaining articles
published in a number of scientific portals related to ICT and
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health. Our research was reduced to studies found from these
websites when we implemented the steps of the systematic
literature review methodology. We focused our work on
scientific articles and did not address commercial or more
technological approach solutions.

Conclusions

This study aimed to raise and discussthe main issuesregarding
PHRs and identify the concepts of the technology in this area.
To answer the research questions in this paper, we sought first
to systematize and qualify the information that served as a
source for the survey. For the completion of the work, we were
ableto identify and propose a broad taxonomy for the scope of
work, which was created after an analysis of therelevant articles
in the last decade. In the taxonomy, we were able to identify
and group a number of types and PHR classifications ranging
from “ Structures’ and types associated with “Functions” to the
types of “Architectures’ applied to PHRs. Having established
the taxonomy, it was possible to observe other important
relationshipsto understand PHRs. We noticed aspectsregarding
concerns and challenges in the adoption of PHRs aswell asthe
main data types. In addition, we were able to identify several
standards regarding PHR, where it was possible to verify those
that were most important in the current scenario. Regarding
user profiles, we identified the main users representing these
types of profiles, as well as their responsibilities when they
access PHRs. We were able to identify the techniques and
methods used in the input of information into PHRs.

Finally, aside from answering al the specific research questions
and relating them in the taxonomy, we can also rank the PHR
with regard to goals, negotiation types, and architectures. The
answers and classifications obtained contribute to the
achievement of acoverage degree of searchesthat areidentified
in various aspects regarding the PHR. The physician-patient
relationship traditionally consists of total dependence of the
patient on the physician. In addition, the fragmented nature of
the health system can impose a costly burden on physicians.
The PHR can be a solution to this problem, although obstacles
still persist, including support for reaching this paradigm, where
the ownership of the data belongs to the patient.

In future studies, we envision a focus on the challenges and
issues related to security, privacy, and trust, which directly
affect the users’ confidence in adopting the PHR. Although
these questions have existed for along time, they do not have
definitive answers yet. Other aspects that can be studied and
that areimportant to improving the user experience are questions
about usability, personalization, familiarity, and comfort.
Another aspect that can serve as afuture study isto explorethe
model s of architecture and the implementation of PHR following
the expansion of the use of technologies such as wearable
computing, 10T, and artificia intelligence that are applied to
health.
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Abstract

Background: The number of people living with dementia and mild cognitive impairment (MCI) is increasing substantially.
Although there are many research efforts directed toward the prevention and treatment of dementiaand MCl, it is also important
to learn more about supporting people to live well with dementia or MCI through cognitive, physical, and leisure means. While
past research suggests that technology can be used to support positive aging for people with dementia or MCI, the use of
motion-based technology has not been thoroughly explored with this population.

Objective: Theaim of thisstudy wasto identify and synthesize the current literature involving the use of motion-based technology
for people living with dementia or MCI by identifying themes while noting areas requiring further research.

Methods: A systematic review of studies involving the use of motion-based technology for human participants living with
dementia or MCI was conducted.

Results: A total of 31 articlesmet theinclusion criteria. Five questions are addressed concerning (1) context of use; (2) population
included (ie, dementia, MClI, or both); (3) hardware and software selection; (4) use of motion-based technology in a group or
individual setting; and (5) details about the introduction, teaching, and support methods applied when using the motion-based
technology with people living with dementia or MCI.

Conclusions: Thefindings of this review confirm the potential of motion-based technology to improve the lives of people living
with dementia or MCI. The use of this technology also spans across severa contexts including cognitive, physical, and leisure;
all of which support multidimensional well-being. The literature provides evidence that people living with dementiaor MCI can
learn how to use this technology and that they enjoy doing so. However, thereis alack of information provided in the literature
regarding theintroduction, training, and support methods applied when using thisform of technology with this popul ation. Future
research should address the appropriate introduction, teaching, and support required for people living with dementia or MCI to
use the motion-based technology. In addition, it is recommended that the diverse needs of these specific end-users be considered
in the design and devel opment of this technology.

(J Med Internet Res 2017;19(1):e3) doi:10.2196/jmir.6518

KEYWORDS
dementia; mild cognitive impairment; technology; review

asAlzheimer’sdisease. Characteristic signsof dementiainvolve
marked impairment in the areas of cognitive functioning such
as memory, attention, executive function, comprehension,
judgment, and communication [1]. Mild cognitive impairment

Introduction

Dementia is a collective term used to describe a range of
symptoms associated with neurodegenerative conditions such
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(MCI) can be defined as a condition in which an individual has
mild but measurable changes in thinking abilities; however,
these changes do not affect the person’s ahility to carry out all
activities of daily living [2]. MCI can be classified as amnestic
or nonamnestic based on the thinking abilities affected [2]. For
example, people with amnestic M CI predominantly experience
memory challenges and may begin to forget important
information that he or shewould have previously recalled easily
(eg, appointments, conversations, or recent events). In contrast,
memory is spared among people with nonamnestic MCI, with
changes greater than those expected for their age in one other
cognitive domain such as language, visuospatial skills, or
executive functioning [2]. As the population ages and life
expectancy continues to increase [3], progressive cognitive
disorders such as dementia or MCl have become a major
age-related health concern, with the number of people living
with dementia expected to reach 1.4 million in Canada by 2031
[4]. Although there are many research efforts directed toward
the prevention and treatment of dementia and MCI, it is also
important to learn more about supporting agood life for people
currently living with these conditions [5].

People living with dementia or MCI often have reduced
opportunitiesfor engagement and face progressive barrierswhen
trying to participate in activities they once enjoyed with ease
[5]. For individual swith dementiaor MCI, engaging in pleasant
and meaningful activities can promote a good quality of life
and support overall well-being [6]. Recent publications have
shown that there are many waysin which people with dementia
can engage in pleasant activities and live well, including the
use of novel technology devices such astouchscreen tabletsand
personal computers[5,7-10].

More recently, the use of motion-based technology has become
apopular topic of interest in many areas of care[11-16]. Recent
research involving the motion-based technology has revealed
positive benefits for healthy older adults [11-13], as well as
populations with stroke [14], Parkinson’s disease [15], and
traumatic brain injury [16]. Motion-based technology can be
described as anatural user interface (NUI) device that operates
through intuitive actions similar to natural, everyday gestures.
When used for activity promotion, games presented through
motion-based technology may also bereferred to as* exergames”
as physical actions are required to interact with the technology
and play the games. In addition, games presented on this type
of technology can provide an accessible source of fun and
meaningful engagement. However, the literature on the use of
motion-based technology for people living with dementia or
MCI is currently quite limited and undefined. Therefore, the
purpose of this literature review is to identify and synthesize
the current knowledge on this topic, while highlighting gaps
that require further investigation. In addition, this review aims
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to add to the body of knowledge supporting the use of novel
technologies to promote a good life for people living with
dementiaor MCI.

The current review presents an overview of the ways in which
motion-based technology has been used with people living with
dementia or MCI. This review aims to address the following
guestions:

1. In what contexts has motion-based technology been used
with people living with dementia or MCI?

2. Werethese studiesfocused on people with dementiaor people
with MCI?

3. What forms of hardware and software were used?
4. Was the technology utilized in agroup or individual setting?

5. What methods were used to introduce, teach, and support
people living with dementia or MCI to use motion-based
technology?

Methods

A systematic review of the literature was conducted on the use
of motion-based technology for people living with dementia or
MCI.

The following search terms were used for this review:
(dementia) OR (Alzheimer*) OR (mild cognitive impairment)
OR (MCI) AND (exergam*) OR (motion-based) OR (virtual
reality) OR (gesture-based) OR (Nintendo Wii) OR (Xbox
Kinect) OR (interactive console) AND (activit*) OR (gam*).

The following electronic databases were accessed for this
review: Medline (Ovid), PsycINFO (Ovid), Cochrane (Ovid),
PubMed (NCBI), and CINAHL (EBSCO). The search was
extended to include references of relevant articles.

Articles were included or excluded based on the following
criteria: (1) language: English; (2) participants: human, living
with dementia or MCI; and (3) technology: any interface
requiring physical movement for interaction.

The search protocol defined above originally resulted in the
identification of 643 references through database searching and
an additional 12 references through hand searching, amounting
to atotal of 655 initial returns. After the removal of duplicate
documents, a total of 270 articles remained which were then
screened for eligibility criteria. Articles that did not meet the
inclusion criteria based on their title or abstract were
subsequently removed, resulting in a total of 74 articles
identified for full-text analysis. After reading each article, an
additional 43 articles were excluded, resulting in atotal of 31
full-text articlesincluded in the final review (Figure 1) [17].
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Figure 1. Flow diagram of search procedure.
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Results

Overview of Findings

Thirty-one articles met the final inclusion criteria and were
included in this review. Table 1 shows the synthesized results
of the search procedure that provides an overview on thistopic,
organized as per the questions identified above.

Context of Use

Three broad categories describing the context in which the
motion-based technology was used for people living with
dementiaor MCl wereidentified during the review: (1) cognitive
function (21 articles); (2) physical function or activity promotion
(12 articles); and (3) leisure activities (13 articles). Thirteen
articles contained information pertaining to one or more
categories that suggests the motion-based technology has the
potential to span across severa contexts. Articles addressing
more than one context of use include: 6 articles
[21,24,32,34,46,47] focused on cognitive function and leisure
activities, 3 articles[23,37,38] pertaining to both cognitive and
physical function, 2 articles [30,44] relevant to both physical
function and leisure activities, and 2 articles [26,45]
encompassing all 3 categories. These articles were counted
under both or all categories as appropriate (Table 1).

Cognitive Function (n=21)
Cognitive function was the most prevalent category identified
within the literature regarding the use of motion-based

http://www.jmir.org/2017/1/e3/

technology for people with dementia or MCI. Articles
categorized in this section used the motion-based technology
to present cognitive exercises to people with dementiaor MCI
with the aim of assessing, measuring, restoring, maintaining,
stimulating, or improving various aspects of cognitivefunction.
The articles included in this section used a technology that is
commercially available (eg, Nintendo Wii) [24,26,28,31,32,34-
38,45-47], or the one that was specifically created for study
purposes by the researcher (eg, astationary bicycle merged with
agraphical interface) [18,21-23,27,29,43,48].

The main focus was general cognitive function rather than
focusing on specific domains (eg, memory, executive function)
[18,24,29,31,45,46,48]. Articlesincluded in this category used
the motion-based technology with the aim of assessment and
screening for early signsof dementiain peopleliving with MCI
[37,43]; reducing the risk or rate of progression in people
currently living with dementia [21,23,32,38]; assessing or
improving procedural learning ability in people with either
dementia or MCI [28,34,35]; providing cognitive stimulation
for people with dementia [26-28]; prompting people with
dementia through occupational tasks [22]; increasing the
attention span and concentration during tasks for people with
MCI [47]; and improving reaction time (ie, how fast the brain
responds to stimuli) and comprehension in people with MCI
[36].
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Table 1. Summarized results of literature review.
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Publication author  Purposeof technology ~ Study population Hardware and software Individual or Introduction, teaching, and

group use support methods used

Bamidiset a [18] Cognitive function Dementiaand Touchscreen interface, Nintendo Group -

McCI2 Wii-mote, and Wii Balance Board
(FitforAll); SketchUp (Google,
Mountain View), 3Ds Max Studio
(Autodesk Inc), and XNA game
software (Microsoft Corp)

Benveniste et a Leisure activities Dementia TV, PC, sensor bar, and Nintendo ~ Group Staff would sit with partic-

[19] Wii-mote (MinWii); unspecified ipants and offer as much

software support as needed

Billiset a [20] Physical functionor  Dementiaand Touchscreen interface, Nintendo Group Psychologist or therapist
activity promotion MCI Wii-mote and Wii Balance Board was present during all ses-

(FitforAll); SketchUp (Google, sions to train the partici-
Mountain View), 3Ds Max Studio pantsin using the program
(Autodesk Inc), and XNA game

software (Microsoft Corp)

Boulay et al [21]  Cognitive function Dementia TV, PC, sensor bar, and Nintendo ~ Group Participants were given 1

and leisure activities Wii-mote (MinWii); unspecified training session to become
software familiar with theinterface;
psychologistsgaveinstruc-
tions and help during test
sessions

Chang et a [22] Cognitive function Dementia Microsoft Kinect sensor, PC, and  Individual Verbal instructions, task

TV screen; Kinempt software (cus- breakdown, gesture
tom-built) demonstrations, support as
required

Chilukoti etal [23] Cognitive function Dementia Mini stationary bike with graphical  Individual -
and physical function user interface; unspecified software
or activity promotion

Colomboet a [24] Cognitive function Dementiaand EyeToy for PlayStation 2; Bubble-  Individual -
and leisure activities  MCI pop game (Sony Corp)

Cutler et a [25] Leisure activities Dementia Nintendo Wii; Wii Sports, and Nin-  Group Repeated demonstrations

tendo Wii Fit (Nintendo Co Ltd)

Cutler et a [26] Cognitive function, Dementia Nintendo Wii; Wii Fit (Nintendo Co Group Initial support, reduced as
physical function or Ltd,), and Microsoft Kinect; Kinect participants became compe-
activity promotion, Sports (Microsoft Corp) tent with the technology
and leisure activities

DeUrturi Bretonet  Cognitive function Dementia Microsoft Kinect; KiMentiasoft-  Individual -

a [27] ware (custom-built)

Fenney and Lee Cognitive function Dementia Nintendo Wii; Nintendo Wii Sports Group Physical guidance, verbal

[28] (Nintendo Co Ltd) prompts as required

Gonzélez-Palau et Cognitive function MCl Touchscreen interface, Nintendo Individual Participant met with a

a [29] Wii-mote, and Wii Balance Board therapist every 2 weeksto

(FitforAll); SketchUp (Google, discuss progress
Mountain View), 3Ds Max Studio

(Autodesk Inc), and XNA game

software (Microsoft Corp)

Higginseta [30] Physica functionor  Dementiaand Nintendo Wii; Nintendo Wii Sports Group and indi-  Introduced in aone-on-one
activity promotion MCI (Nintendo Co Ltd) vidual session before transition-
and leisure activities ing to agroup environment

Hugheset al [31]  Cognitive function MCI Nintendo Wii; Nintendo Wii Sports  Group Initial training for 6 weeks

(Nintendo Co Ltd) on how to use the technol-
ogy

Kayali et a [32] Cognitive function Dementia Nintendo Wii; Nintendo Wii Fit Group -

and leisure activities

(Nintendo Co Ltd)
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Publication author  Purposeof technology ~ Study population Hardware and software Individual or Introduction, teaching, and

group use support methods used

Konstantinidisetal Physical functionor  Dementia Touchscreen interface, Nintendo Individual Technology gives instruc-

[33] activity promotion Wii-mote, and Wii Balance Board tions, prompts, praise, noti-

(FitforAll); Google SketchUp fications, and guidance;
(Google, Mountain View), 3DsMax therapists can add or modi-
Studio (Autodesk Inc), and XNA fy games

game software (Microsoft Corp)

Leahey and Single- Cognitive function Dementia Nintendo Wii; Nintendo Wii Sports  Group Verbal and physical cues,

ton[34] and leisure activities (Nintendo Co Ltd) vanishing cues, task

breakdown

Legouverneur etal  Cognitive function Dementia and Nintendo Wii; Nintendo Wii Sports  Individual Simpleintroduction, repest-

[35] MCI (Nintendo Co Ltd) ed demonstrations, verbal

prompts, physical assis-
tance when required

Liou et al [36] Cognitive function MCI Microsoft Kinect; Kinect Sports, Group -

Kinectimals and Fruit Ninja (Mi-
crosoft Corp)

McCalumandBo- Cognitive function Dementia and Nintendo Wii; Nintendo Wii Fit, Group and indi- -

letsis [37] and physical function MCI and Nintendo Wii Sports (Nintendo vidual
or activity promotion Co Ltd)

McCallumandBo- Cognitive function Dementia and Nintendo Wii; Nintendo Wii Fitand Group and indi- -

letsis[38] and Physical function MCI Nintendo Wii Sports (Nintendo Co  vidual
or activity promation Ltd)

McEwen et al [39] Physical functionor  Dementia Interactive rehabilitation exercise  Individual -
activity promotion (IREX) hardware and software

(GestureTek, Silicon Valley)

Padala et a [40] Physical functionor  MCI Nintendo Wii; Nintendo Wii Fit Individual -
activity promotion (Nintendo Co Ltd)

Padala et a [41] Physical functionor  MCI Nintendo Wii; Nintendo Wii Fit Individual -
activity promotion (Nintendo Co Ltd)

Siriarayaand Ang Leisure activities Dementia Microsoft Kinect; software created Group and indi-  Prompts provided as re-

[42] through Unity3D (Unity Technolo- vidual quired based on each per-

gies) son

Tarnanas et a [43] Cognitive function Dementiaand PC, Microsoft Kinect sensor, tread-  Individual -

MCI mill and LEAP motion sensor (Leap
Motion Inc); Microsoft Kinect soft-
ware development kit (Microsoft
Corp)

Tobiasson [44] Physical functionor  Dementia Nintendo Wii; Nintendo Wii Sports  Group Gesture demonstrations,
activity promotion (Nintendo Co Ltd) verbal cues, physical sup-
and leisure activities port when required, person-

aizing introduction,
teaching, and support
methods

Tobiasson et a Cognitive function, Dementia Nintendo Wii; Nintendo Wii Sports  Group Initial support, reduced

[45] physical function or (Nintendo Co Ltd) over time as users became
activity promotion more competent with the
and leisure activities technology

Ulbrecht et a [46] Cognitive function Dementia and Nintendo Wii; Nintendo Wii Sports Group and indi-  Therapists received train-
and leisure activities  MCI (Nintendo Co Ltd) vidual ing in introducing and su-

pervising the intervention
prior to the study

Weybright et al Cognitive function MCI Nintendo Wii; Nintendo Wii Sports  Individual One-on-one introduction

[47] and leisure activities (Nintendo Co Ltd) sessiontolearn the technol-

ogy and play the games;
promptsand cues provided
as needed prior to and dur-
ing the sessions
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Publication author  Purposeof technology ~ Study population Hardware and software Individual or Introduction, teaching, and
group use support methods used

Yamaguchi et al Cognitive function Dementia XaviX hardware—base-machine,  Group Caregivers support partici-

[48] TV screen, sensor mat and sensor pants through communica-

ball; Hot-plus software (SSD Co

Ltd)

tion and praise

3\ Cl: Mild cognitive impairment.

Whereasthere were many different waysin which motion-based
technology was applied as a cognitive intervention for people
living with dementia or MCl, the rationales behind the choice
to use this technology were quite similar. Many studies chose
to use motion-based technol ogy as evidence supports combined
mental and physical training for cognitive health promotion
[18,23,27,29,32,34,36,38,45-47]. This type of technology was
also chosen due to the fact that it provides cognitive
[21,24,26,28,35], mental and social [31,48], and physica and
social [37] stimulation for people living with dementiaor MCI.
In additional, motion-based technology is intuitive and has the
unique ability to perform tasks such as assessment and screening
and task prompting for individuals with dementia or MCI
[22,43].

Physical Function or Activity Promotion (n=12)

Physical function or activity promotion was the category least
focused on in respect to people living with dementia or MCI.
Articlesincluded inthis category [20,23,26,30,33,37-41,44,45]
used the motion-based technology to target areas of physical
functioning, remove or reduce risk of disability, provide a
targeted rehabilitation approach for those already living with
existing physical challenges, and promote games presented on
the motion-based technology as an engaging, attainable, and
accessible way to encourage people living with dementia or
MCI to participatein physical activity. Articlesincluded within
this context also featured commercially available technology
[26,30,37,38,40,41,44,45] and technology designed by
researchers specifically for study purposes [20,23,33,39].

One common theme to emerge was gait, balance, and fall risk
[37-41]. Additional areas of focus within this emerging theme
included general motor function [37,38] and mobility in people
with either dementia or MCI [30,39], as these measures can be
indicative of an increased risk for falls. Theliterature a so placed
agreat deal of focus on using the motion-based technology as
an interactive, accessible, and fun way to encourage motivation
to participate in and enjoy physical activity in genera
[20,23,26,30,33,44,45]. People with dementiaor M Cl face many
challenges that can make it increasingly difficult to engage in
regular physical activity or rehabilitation regimens.
Unsurprisingly, this technology was mainly utilized as a tool
for activity promotion.

Leisure Activities (n=13)

Leisure activities can be described asfun and enjoyable pastimes
that contribute to a higher quality of life [5]. In this review, it
wasfound that only 42% (13/31) studies used the motion-based
technology to provide meaningful leisure activities for people
with dementia or MCI [19,21,24-26,30,32,34,42,44-47]
compared with the 68% (21/31) studies that used the
motion-based  technology  for  cognitive  purposes

http://www.jmir.org/2017/1/e3/

[18,21-24,26-29,31,32,34- 38,43,45-48]. Interestingly, areview
of the use of touchscreen technology for people living with
dementia [9] highlighted that supporting leisure activities has
received significantly less focus compared with the context of
cognitive function. This is echoed in the current review of the
motion-based technology, which has been used more as a
cognitive tool than aleisure device. Indeed, there are areas of
the leisure technology industry dedicated to this, but their
emphasis has tended to be on the younger generations as their
target consumers[49]. For example, it has been well established
that compared with younger people, older adults have lower
access to and usage of recent technologies [49].

The articles within the leisure category used the motion-based
technology with the primary aim of providing a source of
enjoyment and engagement for people living with dementia or
MCI [19,25,26,30,32,34,42,44,45]. In addition, the articles
examined the use of the motion-based technology for other
aspects of leisure such as acceptability and pleasure of games
presented on the motion-based technology for people with
dementiaor MCI [24,46], self-esteem in people with dementia
[19,21], positive affect and mood in people with MCI [47], and
reminiscing in peoplewith dementia[42]. Interestingly, in many
of the articles that did not address leisure, it was till reported
that the participant dropout rate was relatively low, and that
they enjoyed interacting with the technology and playing the
games. This suggests that the motion-based technology hasthe
ability to provide an inadvertent source of enjoyment, even if
it istechnically being utilized as a cognitive or physical tool.

Two of the reviewed articles in the leisure category described
“gaming technology groups’ specifically for people with
dementia that aimed to use games presented on motion-based
technology to provide cognitive and physical stimulation, as
well as meaningful leisure activitieswithin an interactive social
setting [25,26]. The authors ran these group activities with
various subsets of the target population including peopleliving
with dementia within the community, people living in
assisted-living facilities, male-only groups, and groups
combining men and women. Investigators behind the “gaming
groups’ used the knowledge acquired to create “ how to” guides
for implementing, managing, and supporting gaming technology
groups for people living with dementia[50,51].

Study Population

The second research question, which aimsto identify the study
population included in the interventions (ie, people with
dementia or people with MCI) have been discussed here. Of
noteisthat 9 of the 31 articles included in this review focused
on both people with dementia and people with MCI
[18,20,24,30,35,37,38,43,46] ; therefore, these studies have been
counted under both categories.
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People With Dementia (n=25)

Of the 31 studies included in the review, 25 of them focused
on people with dementia. This shows a clear trend toward the
use of the motion-based technology for people with dementia
rather than people with MCI. In addition, it is unsurprising that
the category of cognitive function received the greatest attention
in studiesinvolving people with dementia, with 17 of 25 articles
addressing an aspect of cognition.

Of interest, a mgjority of the studies involving people with
dementia were conducted in a group setting, whereas those
focusing on people with MCI were conducted as an individual
activity. The reasoning behind this was not clear. In addition,
16 of the 25 articlesfocusing on people with dementia conveyed
information regarding the methods used to introduce, teach, and
support people with dementia to use the motion-based
technology. In contrast, only 7 of 15 articles focused on the use
of the motion-based technology for people with MCI offered
al the information regarding the introduction, teaching, and
support methods. Again, the reasoning behind this was not
exactly clear. Finally, studieslooking at these 2 groups, whether
together or separately, all chose to utilize more commercialy
available hardware and software than custom-built.

People With Mild Cognitive | mpairment (n=15)

Of the 31 studies included in this review, only 15 focused on
people living with MCI. Of note is that none of these articles
specified whether participants had amnestic or nonamnestic
MCI. Furthermore, only 6 of these 15 studies focused
specifically on people with MCI, with the remainder focusing
on people with MCI in conjunction with people living with
dementia. This highlights the lack of focus on people living
with MCI specifically within the motion-based technology
literature.

In studies looking specifically at people with MCI, cognitive
function also received the most attention, similar to the studies
focusing on people with dementia. However, there was much
lessfocus on the use of the motion-based technology to provide
meaningful leisure activities for people with MCI (27%, 4/15
studies) than there was for people with dementia (48%, 12/25
studies). In addition, the number of studieslooking at physical
function or activity promotion for people with MCI was higher
than those looking at physical function or activity promotion
in people with dementia. This indicates that interventions for
people with MCI specifically were used more for improving
cognition or physical function, whereas studiesinvolving people
with dementia specifically tended to focus more on cognition
and leisure, with physical function or activity promotion
receiving the least amount of focus.

Har dwar e and Software

The hardware (ie, console used) and software (ie, gaming
interface) utilized in the review articles have been discussed
here. Of note is that multiple articles within the cognitive
function, leisure activities, and physical function or activity
promotion contexts all used similar hardware and software
(Table 1), suggesting that the existing motion-based technology
has the ability to span across several contexts.

http://www.jmir.org/2017/1/e3/
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Hardware Selection

An analysis of the literature revealed that a majority of the
research involving the motion-based technology and people
with dementiaor MCI utilized commercially available hardware.
Themost commonly chosen motion-based technology hardware,
used in 16 studies [25,26,28,30-32,34,35,37,38,40,41,44-47],
wasthe Nintendo Wii (Nintendo Co Ltd), which featuresabase
console and aremote control with built-in motion sensors. The
player holdsthe remote control (also known asthe “Wii-mote”)
while performing physical movements, which are transformed
into actions on the screen (Figures 2 and 3). However, holding
and operating the Wii-mote requires manual dexterity, fine
motor control, grip strength, and may be difficult to use for
populations with age-related physical impairments, as well as
people with dementiaor MCI. In one instance, Tobiasson et a,
2015 [45] had to modify the Wii-mote by covering most of the
buttons with athermoplastic splint to make it easier to hold and
prevent players with dementia from unintentionally pressing
the wrong buttons or pressing too many buttons. This was
echoed in studies by Benveniste et al, 2010 [19] and Boulay et
al, 2011 [21], where subjects used a Wii-pistol (asmall plastic
gun that holds the Wii-mote) to make holding and using the
controller easier. In addition, participantswith dementiaor MCI
both reported having difficulty remembering which buttons on
the Wii-mote were associated with which movements, therefore,
this issue was mitigated by covering most of the buttons
[19,21,30,45].

The Xbox Kinect (Microsoft Corp) was the second most
common commercialy available hardware device featured
within the literature [26,27,36,42]. The Kinect sensor, used in
conjunction with a base console, is embedded with
gesture-recognition equipment including an infrared projector
and a camera that tracks motion in 3 different dimensions.
M ovements made by the player are mimicked by avirtual avatar
on the screen. Due to the fact that there is no handheld remote
or controller required, the user controls the entire gaming
interaction through the use of physical motions, allowing for
an immersive and user-friendly experience (Figures 4 and 5).

Colombo et a’s study (2012) [24] was the only one to utilize
the EyeToy for PlayStation2 hardware (Sony Corp) that features
asmall USB cameraconnected to the main consol e that displays
the image of the person in view on the TV screen. Similar to
the Microsoft Kinect, interaction requires no handheld controller,
allowing the user to naturally interact with the game (Figures
6 and 7). However, participants' perceptions of the usability or
acceptability of this hardware was not mentioned in the article,
and there was no other mention of this specific device within
any of the other articles.

About eleven articles featured custom-built hardware
[18-23,29,33, 39,43,48]. The hardware designsvaried, including
a personal computer merged with a Microsoft Kinect sensor
and a TV screen [22]; amini stationary bike with an attached
graphical user interface [23]; a TV screen merged with aPC, a
sensor bar, and a Wii-mote controller [19,21]; a personal
computer merged with a Microsoft Kinect sensor, a treadmill,
and a LEAP sensor (Leap Motion Inc) [43]; a base-machine
combined with a television screen, a sensor mat, and
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motion-sensor wrist bands [48]; green screen hardware [39];  or physical function or activity promotion, with only 2 articles
and a touchscreen interface compatible with a Nintendo concerned with leisure. It was also noted that only 7 of these
Wii-mote controller and a Nintendo Wii balance board articlesprovided detailed information regarding theintroduction,
[18,20,29,33]. Notably, 9 of these 11 papers featuring teaching, and support methods used during the intervention.
custom-built hardware have addressed either cognitive function

Figure 2. Nintendo Wii controller (Ieft) and Nintendo Wii base console (right).

f~

Figure 3. Nintendo Wii interaction.
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Figure5. Microsoft Kinect interaction.

Dove & Astell

Figure 6. PlayStation2 EyeToy hardware.

Figure 7. PlayStation2 EyeToy interaction.

Software and Game Selection

A magjority of the articles utilizing commercially available
hardware paired it with commercially available software.
Articles that chose to utilize the Nintendo Wii hardware also

http://www.jmir.org/2017/1/e3/

XSL-FO

RenderX

paired it with the Nintendo Wii software (Nintendo Co Ltd)
including Nintendo Wii-Fit [25,26,32,37,38,40,41] or Nintendo
Wii-Sports [25,26,28,30,31,34-38,44-47], with some articles
utilizing both software packages. These software applications
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were used across all 3 contexts, namely, cognitive, physical,
and leisure activities.

Of thearticlesfeaturing Microsoft Kinect hardware, only 2 used
commerciadly available Kinect software (Microsoft Corp):
Kinect Sports [26,36], Kinectimals[36], and Fruit Ninja[36].
The remaining studies created their own custom-built software
for the Microsoft Kinect including the Kimentia software [27]
and software created through a program called Unity3D (Unity
Technologies) [42]. In the only study that featured the
commerciadly available PlayStation EyeToy hardware, the
corresponding EyeToy software was used, exclusively the
Bubblepop game (Sony Corp) [24].

The 11 articles that created custom-built hardware also paired
it with custom software programs, including unspecified
commercialy available software [19,21]; SketchUp (Google,
Mountain View), XNA game software (Microsoft Corp), and
3Ds Max Studio software (Autodesk Inc) [18,20,29,33];
Kinempt (custom-built) [22]; Microsoft Kinect software
development kit (Microsoft Corp) [43]; XaviX (SSD Co Ltd)
[48]; and interactive rehabilitation exercise (IREX) software
(GestureTek) [39]. The remaining study designed a graphical
user interface, but made no mention of the software used for
development [23]. These 11 studies tended to focus more on
cognitive and physical use and provided very limited, if any
information regarding the introduction, teaching, and support
methods used during the activity, which were mostly delivered
on an individual basis.

Four of the reviewed articles [18,20,29,33] utilized a
custom-built motion-based technology platform called FitforAll,
which consisted of an integrated touchscreen interface used in
conjunction with the Nintendo Wii-mote and the Nintendo Wii
balance board. This platform featured a physical and cognitive
training program with the aim of assessing the impact of
combined training on cognition and physical activity promotion
in people living with dementia or MCI [18,20,29,33]. In
addition, 2 studieslooked at a bespoke motion-based technology
music therapy program caled MinWii [19,21], which was
created by merging a television screen, a personal computer,
and motion-based technol ogies such as the Nintendo Wii-mote
and aninfrared sensor bar. Thetechnology allowed participants
to play familiar songs or improvise a scale of their choice, and
was used to promote positive sel f-esteem and remini scing among
people living with dementia.

Individual or Group Use

The following section addresses the fourth research question,
which explores the use of the motion-based technology for
people living with dementia or MCI as a group or individual
activity. Five of the studies implemented the motion-based
technology in both a group and individua setting
[30,37,38,42,46], and therefore these arti cleswere counted under
both categories.

Individual Use

Seventeen articles presented the motion-based technology to
people with dementia or MCI as an individual activity (Table
1). These articles primarily addressed cognitive [22,24,29,
35,37,38,43,46,47] and physical measures[23,33,38-41,44,45],
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with leisure activity receiving the least amount of focus
[24,30,42,46,47]. Although the reasoning behind this was not
clear, it can be suggested that perhapsit is easier to track and
measure cognitive and physical variables among individuals
rather than groups. In addition, only 8 of these 17 articles
provided all the information regarding the methods used to
introduce, teach, and support people living with dementia or
MCI to interact with the technology [22,29,30,33,35,42,46,47].

Group Use

Nineteen articles used the motion-based technology in agroup
setting (Table 1). Of these articles, 12 studies addressed a
cognitive variable [18,21,26,28,31,32,34,36-38,45,48], 11
addressed an aspect of leisure[19,21,25,26,30,32,34,42,44-46],
and 7 addressed a physical measure [20,26,30,37,38,44,45].
Thissuggeststhat using the motion-based technology in agroup
setting has the ability to support several aspects of well-being
for peopleliving with dementiaor MClI. In addition, the research
in 8 of the 13 articles addressing leisure was conducted within
a group setting [19,21,25,26,32,34,44,45], with the remaining
articlesfocusing onindividual activity [24,47], or acombination
of both [30,42,46]. This suggests that the group dynamic may
have contributed to the positive |eisure experience.

Severd articles included the feedback from researchers, staff,
caregivers, and participants living with dementia or MCI,
reporting that the group dynamic added an extra social
component to the gaming activity. Presenting the motion-based
technology as a group activity was reported to promote social
interaction among people with dementia and MCI
[26,30,32,45,48], maintain social skills among people with
dementia[34], and reduce socia barriers for people with MCI
[31]. The group dynamic al so created an opportunity to promote
teamwork and socialization [20,26,28,30-32,44,45]. It was also
reported that using the motion-based technology in a group
setting encouraged friendly competition [44,45] and
intergenerational connections for people living with dementia
[19,21,26].

Introduction, Teaching, and Support

The fifth and the final research question aimed to identify the
methods used to introduce, teach, and support people living
with dementia or MCI when engaging with the motion-based
technology. This is particularly important as people with
dementia are indeed able to learn new things with the right
support and prompting, which can help prolong independence
and support a good quality of life [5]. However, this proved to
be the most significant gap in the literature. Of the 31 articles
included in the final review, only 19 made a reference to the
way in which participants were introduced, taught, and
supported to use the technology. In addition, there was major
variation in the amount of information and level of detail
provided.

I ntroduction Methods

Information related to the introduction of the motion-based
technology with people living with dementia or MCI as
discussed in the literature elsewhere has been analyzed here
(Table 1). The way atechnology isintroduced to a person with
dementiaor MCI (ie, what it is, what it does, why it would be
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beneficial to them, and so on) is crucialy important as the
introduction of such devices could potentially influence the
individual’s choice or desire to learn to use it [52]. In other
words, introduction essentially sets the tone for teaching. For
example, people with dementia or MCI are lesslikely to adopt
atechnology if they are unableto figure out what it does or how
itisrelevant to them [52].

Tobiasson, 2009 [44], who conducted their study as a group
activity, gradually introduced participantsliving with dementia
to the technology one at a time to give their full attention to
teaching the person to handle and interact with the console
system before transitioning to a group environment.
Legouverneur et al, 2011 [35] provided participants with
dementia or MCI with a 1-h introduction session where they
were instructed to create their own virtual player (avatar) to
teach them to handle and use the Nintendo Wii-mote. In
addition, they suggested that the technology should be initially
presented in asimple and understandable way [35]. Furthermore,
Cutler et a, 2015 [26] highlighted the importance of considering
the interests of people with dementia when first introducing
new technology to choose activities that are relevant,
meaningful, and achievable for the individual .

Weybright et al, 2010 [47] provided participantswith MCI with
an initial introduction session before the data collection phase
where they were taught how to use the Nintendo Wii controller,
how to navigate the system, and how to play the games. This
approach was similar to that of Boulay et a, 2011 [21], who
gave participants with dementia an introduction session to
familiarize themselves with the interface. Higgins et al, 2010
[30] aso provided an individual introduction session to
participants with dementia or MCI prior to the study, but this
was done to increase the person’s confidence and competency
with the technology before transitioning into a group
environment.

Chang et a, 2011 [22] introduced their gesture recognition
system to a participant with dementiausing verbal instructions.
If the participant did not understand how to interact with the
system, the researchers would provide the person with a
less-intrusive prompt (verbal) followed by a more-intrusive
prompt (gesture) if the user was still finding it difficult [22]. In
addition, Ulbrecht et al, 2012 [46] stated that therapists, which
included general nurses, geriatric nurses, or occupational
therapists, received training in introducing and supporting people
with dementia or MCI to engage in activities presented on the
motion-based technol ogy prior to the intervention, but they did
not elaborate on what this training entailed. Through further
investigation, it was found that only 9 articles [18,20,21,
30,33,34,39,45,46] used trained therapists (occupational
therapists,  physiotherapists, recreational therapists,
psychologists, nurses, diversional therapists, and physical
educators) to lead the interventions. Of further interest, many
of these studies focused on an aspect of cognitive or physical
function.

Teaching Methods

The cognitive challengesfaced by peoplewith dementiaor MCI
such as working memory difficulties, and impairments in
attention, visuospatial abilities, and motor skills make it
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challenging for them to learn new information. Therefore, it is
important to use teaching techniques that maximizeinvolvement
of spared abilities and avoid involvement of impaired abilities
[5]. Inthisreview, various examples of training techniqueswere
used to teach participants to interact with the technology,
illustrating the diverse and purposeful use of several techniques
to accommodate the needs of people living with MCI or
dementia (Table 1). For example, Leahey and Singleton, 2011
[34] mentioned about breaking the movement sequence down
into small steps, which supports the conclusions of the studies
[28,34,35], whose findings provide evidence of spared
procedural learning capacity in people living with either
dementiaor MCI.

Cutler et al, 2015 [26] and Tobiasson et al, 2015 [45] both
recommended providing participants with dementia initial
support including verbal and physical cues, but gradually
reducing these cues over time as they became more competent
with the technology. In addition, both groups[26,45] suggested
using positive encouragement and personalizing teaching
approaches for each individual. Other training techniques for
people with dementia or MCI included the use of verbal cues
[35,44,45], repeated instructions [21,25,35], sounds [44],
physical cuesor gesture demonstrations[35,44,45], and prompts
[47].

Hughes et a, 2014 [31] took a more extensive approach,
providing participantswith M Cl with a 90-min session per week
for 6 weeksto increase competence with the technology and to
train participants to use the system and play the Nintendo Wii
Sports games. In contrast, Chang, Chen, and Chuang, 2011 [22]
designed their technology with the intent of the system training
the participants, which meant that the research personnel
provided no additional training after the initial introduction
session. Although this study only involved 1 participant with
dementia, meaning that no major conclusions can bedrawn, the
gesture recognition system was successful in prompting the
individual through occupational tasks [22]. This approach was
similar to that of Konstantinidis et al, 2016 [33], where the
motion-based platform itself was designed to giveinstructions,
prompts, praise, and guidancein order to train participantswith
dementiato use the technology and complete the activities.

Support Methods

Few articles mentioned the methods utilized to support people
living with dementia or MCI during the interaction with the
motion-based technology. Of interest isthat verbal promptsand
cueswere often utilized as both teaching techniques and support
methods [21,33]. In addition, movement cues and physical
guidance were aso offered as support methods for users by
leading them through the sequence as required (eg, placing a
hand over theirs) [35,44,47]. Fenney and L ee, 2010 [28] offered
verbal prompts and cues to support participants with dementia
during sessions as required, but otherwise they were encouraged
tojust play. By the end of the 9-week training, participantswith
dementia required significantly less prompting and were able
to verbaly explain and physicaly demonstrate the game
instructions [28]. Furthermore, Siriaraya and Ang, 2014 [42]
suggested the use of promptsto provide support to peopleliving
with dementia as required. This coincides with the
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recommendations of Tobiasson et al, 2015 [45] who suggested
that support methods for people with dementia regarding the
game and the movements should be personalized to each
individual (ie, giving the right amount and type of support that
the person requires). Whereas several articles concluded that
people living with dementia or MCI require less support over
time while interacting with the motion-based technology
[28,30,34,35,44,45], Cutler et al, 2015 [26] suggested that after
aperiod of initial support, peoplewith dementiamay not require
any ongoing support while using such technologies.

TheFitforAll platform presented by Gonzélez-Palau et al, 2014
[29] and Konstantinidis et al, 2016 [33] was designed to give
instructions, prompts, praise, and guidance in order to support
participants with dementia to use the technology and complete
the activities. With this approach, the only involvement required
from the therapists was meeting with participants once in 2
weeks to determine whether to raise, decrease, or maintain the
current intensity level of the platform. In contrast, Billis et a,
2011[20], who & so presented the FitforAll platform, mentioned
about trained therapists or psychologists who were present at
every session to offer as much support to participants with
dementiaor MCI as needed. The reasoning behind thisvariation
was not clear. Similar to Billis et al, 2011 [20], Benveniste et
al, 2010 [19], and Boulay et al, 2011 [21], who used a
motion-based music therapy platform caled MinWii, aso
mentioned the use of trained psychologists or therapists who
were present at al sessions to offer help to participants with
dementia when required. However, they did not elaborate on
exactly what help was offered or when.

Discussion

Principal Findings

Although the current literature supports the use of the
motion-based technology for people living with dementia and
MCI, this area of research is still in its infancy and requires
further investigation. This review highlights the potential
application of thistechnology across several contextstoimprove
the well-being of people living with dementia and MCI,
including cognitive, physical, and leisure activities. As
previously reported with the touchscreen technology [9], the
focus of research till date has been on cognitive function rather
than providing meaningful leisure pastimes. Thisisaparticularly
interesting result as participants from studies acrossall contexts
reported that the motion-based technology, and the activities
presented on this type of technology were enjoyable [19-21,
24-26,30-33,39,44,45,47,48], engaging [19,20,24,25,28,30-
34,41,47,48], usable[19-21,25,26,33,41], stimulating [30,31,33],
empowering [24,26,34], fun [19,25,33,44], acceptable [46],
motivating [28,39], encouraging [19], meaningful [34], and
perceived as apositive experience overall [35,46]. Thissuggests
that utilizing the motion-based technol ogy to provide meaningful
leisure activities for people living with dementia or MCI
warrants further exploration.

The results a so demonstrate that the motion-based technol ogy
can be utilized in both group and individua settings,
highlighting the potential for application in a wide range of
environments including personal houses, day programs, and
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long-term care homes. There was arelatively even distribution
between the technology use in group and individual settings,
although the reason for the choice was frequently not explained.
Fromthereview it appeared that technology applicationsrelating
to cognitive and physical parameterswere more often conducted
asindividual sessionswith leisure activitiesin groups. Thismay
be because the group dynamicsincreases opportunitiesfor social
interaction and communication, while supporting teamwork,
group cohesion, friendly competition, and intergenerational
connections, which are more conducive to leisure use of
motion-based technologies.

The majority of studies used commercially available
technologies over the bespoke ones. Cases in which custom
technologies were used, they had been designed to address
specific cognitive and physical variablesin anindividual setting.
The Nintendo Wii console was the most used commercially
available hardware, with the Nintendo Wii Sportsand Nintendo
Wii Fit games (Nintendo Co Ltd) the most used activities.
Although there was | ess research with the more recently created
Xbox Kinect console (Microsoft Corp), the Kinect has
significant potential for this population as the device does not
use any kind of remote or controller, allowing for a more
user-friendly and natural experience based purely on organic
gestures. In addition, even though these commercially available
devices are not specifically designed for this population, the
findings suggest that this technology can still be of benefit to
people living with dementia or MCI.

It iscritically important for game devel opers to be considerate
of the cognitive and physical challenges experienced by people
with dementia or MCl while creating the motion-based
technology software for this population. For example, the
methods used within the literature to introduce, teach, and
support people with dementia or MCI to interact with the
motion-based technology could be integrated into aspects of
the software (ie, games) to further enhance usability, enjoyment,
and increase the potential of thistype of technology even more.
Future recommendations include collaboration with several
stakeholders including people living with dementia or MCI,
researchers, nonprofit organizations, day program staff,
caregivers, and game developers. It is also recommended that
further work involving individualsliving with dementiaor MCI
inthe design and development processisneeded to fully realize
the potential of this technology.

The most prominent gap in the literature related to a lack of
information about how to introduce the technol ogy, teach people
with dementiaor MCI to useit, and support them in continued
use. Of the 31 articles included in the final review, only 19
[19-22,25,26,28-31,33-35,42,44-48] mentioned the methods
used to help people living with dementia or MCI to learn and
become competent with the technology. The literature shows
clear evidence that people with dementia or MCI can and are
willing to learn to use the motion-based technology; therefore,
itisideal to continue to discover and develop waysin which to
optimally support these individuals to facilitate learning,
enjoyment, and success. Further investigation is required to
produce systematic guidelines for researchers, clinicians, care
providers, and families to implement this technology to benefit
people living with dementia and MCI.
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Conclusions learn to use the motion-based technology and that this hardware

Our findings have outlined several areas of knowledgeregarding @1 Provide an avenue for cognitive stimulation, physical
the use of the motion-based technology for people living with ~ 2ctivity, and engaging leisure activities. However, further
dementia.or MCI, while highlighting gapsin the literature that ~ "€Search regarding the introduction, teaching, and support of
warrant further investigation. With this, thisreview addstothe these individuals while using this type of technology is
bodly of knowledge supporting the use of novel technologiesto  Warranted, in addition to including their input in the
promote agood life for people living with dementiaor MCl. 1t dévelopment of hardware and software for this specific
is clearly evident that people living with dementiaor MCI can  PoPulation.
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Abstract

Background: Recent research has shown that of the 72% of American Internet users who have looked for health information
online, 22% have searched for help to lose or control weight. This demand for information has given rise to many online weight
management communities, where users support one another throughout their weight loss process. Whether and how user engagement
in online communities relates to weight change is not totally understood.

Objective: We investigated the activity behavior and analyze the semantic content of the messages of active users in Loselt
(r/loseit), a weight management community of the online social network Reddit. We then explored whether these features are
associated with weight loss in this online social network.

Methods: A data collection tool was used to collect English posts, comments, and other public metadata of active users (ie,
users with at least one post or comment) on Loselt from August 2010 to November 2014. Analyses of frequency and intensity
of user interaction in the community were performed together with a semantic analysis of the messages, done by alatent Dirichlet
allocation method. The association between weight loss and online user activity patterns, the semantics of the messages, and
real-world variables was found by alinear regression model using 30-day weight change as the dependent variable.

Results. We collected posts and comments of 107,886 unique users. Among these, 101,003 (93.62%) wrote at |east one comment
and 38,981 (36.13%) wrote at least one post. Median percentage of days online was 3.81 (IQR 9.51). The 10 most-discussed
semantic topics on posts were related to healthy food, clothing, calorie counting, workouts, looks, habits, support, and unhealthy
food. In the subset of 754 users who had gender, age, and 30-day weight change data available, women were predominant and
92.9% (701/754) lost weight. Female gender, body mass index (BMI) at baseline, high levels of online activity, the number of
upvotes received per post, and topics discussed within the community were independently associated with weight change.

Conclusions: Our findings suggest that among active users of aweight management community, self-declaration of higher BMI
levels (which may represent greater dissatisfaction with excess weight), high online activity, and engagement in discussions that
might provide social support are associated with greater weight loss. These findings have the potential to aid health professionals
to assist patients in online interventions by focusing efforts on increasing engagement and/or starting discussions on topics of
higher impact on weight change.
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Introduction

Obesity isamajor public health problem that adversely impacts
morbidity, mortality, and quality of life. According to the World
Health Organization (WHO), the prevalence of obesity has
nearly doubled over thelast 30 years[1]. According to asurvey
conducted by the Pew Research Center in September 2013 [2],
of the 72% of American Internet users that have looked for
health information online, 22% have searched for help to lose
or control weight. These numbers show that people are seeking
health advice and support online, especially in topic-driven
communities and forums, Q&A sites (eg, Quora), and social
media, including Twitter, Facebook, and Reddit [3,4].

Along with the growth of online searches for health advice,
there has been a shift of social interactions from the real to the
virtual world with the popularization of online social networks
[5]. Most of these networks consist of communities organized
according to user interests, including obesity and weight
management groups. In contrast with real-world social groups,
online socia networks have no time restrictions, may be
accessed from anywhere at no cost, and provide a constant
source of information, support, and advice [6].

Among the factors that play a major role on the success of
weight loss in online social networks are individual features
and social embeddedness. Social embeddedness encompasses
the structure and intensity of individual connections—reflecting
different forms of engagement and participation in the
community [3,5]—and it has been investigated across different
wei ght management online communities[6-8]. Although social
embeddedness has shown to strongly correl ate with weight loss,
most studies have mainly looked at the structural connections
of the networks (ie, who connects to whom) [9]. Topics
discussed by engaged users may also be as important as their
engagement in the community. The linguistic style and
semantics associated with the topics discussed might also be
important features because they provideinsights on personality,
attitudes, and behavior, which in turn correlate with health
outcomes [10]. However, most analyses look at syntactic
features of the text, including word counts or the presence of
positive or negative constructs [11,12]. Concerning the
semantics of the messages, only a few qualitative studies
focusing on small groups of users were able to analyzeit. This
is mainly due to the difficulties of automatically extracting
semantics from text.

Analyses focusing on the behavior of users and the syntactic
meaning of their texts are becoming common practice, not only
in online health communities, but also in other contexts where
user behavior in online social media can provide relevant
information, including customer behavior [13] and citizens
engagement with politics [14]. For instance, many
marketing-related studies have proposed different theoretical
frameworks to help understand the behavior of customers in
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virtual brand communities[15,16] or to identify the reasonsfor
customers engaging online [17]. These frameworks and
associated reasoning, despite being similar to ours, are not
directly applicable to the health context. This is because the
reasons for patients to engage on health communities are
different from those of customers in a brand community and,
most importantly, the role of the community toward users in
both contexts differssignificantly. Health online socia network
users are motivated mainly by having the opportunity to talk to
users going through the same experiences without feeling
pressure from society because obesity is still stigmatized.
Furthermore, weight-loss communities present a large
opportunity for ordinary users and health agentsto perform both
direct and indirect menta health and social support
interventions, improving users’ self-motivation to lose weight
and increasing their self-esteem [18,19].

In this paper, we describe both the activity behavior and analyze
the semantic content of the messages of the Loselt (r/loseit)
online Reddit weight-loss community and investigate whether
these factors are associated