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Abstract

Background: The risein usage of and access to new technologies in recent years has led to a growth in digital health behavior
change interventions. As the shift to digital platforms continuesto grow, it isincreasingly important to consider how the field of
information architecture (IA) can inform the development of digital health interventions. 1A is the way in which digital content
is organized and displayed, which strongly impacts users' ability to find and use content. While many information architecture
best practices exist, thereisalack of empirical evidence on theroleit playsin influencing behavior change and health outcomes.

Objective: Our aim was to conduct a systematic review synthesizing the existing literature on website information architecture
and its effect on health outcomes, behavioral outcomes, and website engagement.

Methods: To identify all existing information architecture and health behavior literature, we searched articles published in
English in the following databases (no date restrictions imposed): ACM Digital Library, CINAHL, Cochrane Library, Google
Scholar, Ebsco, and PubMed. The search terms used included information terms (eg, information architecture, interaction design,
persuasive design), behavior terms (eg, health behavior, behaviora intervention, ehealth), and health terms (eg, smoking, physical
activity, diabetes). The search resultswere reviewed to determineif they met the inclusion and exclusion criteria created to identify
empirical research that studied the effect of 1A on health outcomes, behavioral outcomes, or website engagement. Articles that
met inclusion criteria were assessed for study quality. Then, data from the articles were extracted using a priori categories
established by 3 reviewers. However, the limited health outcome data gathered from the studies precluded a meta-analysis.

Results: The initia literature search yielded 685 results, which was narrowed down to three publications that examined the
effect of information architecture on health outcomes, behavioral outcomes, or website engagement. One publication studied the
isolated impact of information architecture on outcomes of interest (ie, website use and engagement; health-related knowledge,
attitudes, and beliefs; and health behaviors), while the other two publications studied the impact of information architecture,
website features (eg, interactivity, email prompts, and forums), and tailored content on these outcomes. The paper that investigated
IA exclusively found that a tunnel 1A improved site engagement and behavior knowledge, but it decreased users' perceived
efficiency. The first study that did not isolate A found that the enhanced site condition improved site usage but not the amount
of content viewed. The second study that did not isolate A found that a tailored site condition improved site usage, behavior
knowledge, and some behavior outcomes.

Conclusions: No clear conclusion can be made about the relationship between |A and health outcomes, given limited evidence
in the peer-reviewed literature connecting | A to behavioral outcomes and website engagement. Only one study reviewed solely
manipulated |A, and we therefore recommend improving the scientific evidence base such that additional empirical studies
investigate the impact of 1A in isolation. Moreover, information from the gray literature and expert opinion might be identified
and added to the evidence base, in order to lay the groundwork for hypothesis generation to improve empirical evidence on
information architecture and health and behavior outcomes.
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Introduction

With the rise of new technology and digitization of our physical
information environments, it isimportant to understand therole
of digital information organization on user outcomes. Thismay
be particularly important for the information architecture (1A)
of Web content [1]. While no one definition of 1A exists, it
generally encompasses the organization of digital information,
the labeling of information, and the navigation and search
capabilities within a digital information space. The goal of 1A
is to build digital sites that enhance the user experience—in
particular, the user’s ability to find and use content [2].

|Aisvital to website development. In commercial settings, good
IA can enhance the ability of employees and customersto find
information and decrease costs of Web redesign and
maintenance [2]. However, |A is less often discussed in the
context of digital spaces for behavior change and health
outcomes. Moreover, |A best practicesfor commercial settings
may not translate to health-related ones, where user needs are
entirely different [2]. A user seeking information that isfactual,
concrete, and that they know exists (eg, the price of a new
computer or the weekend forecast) will benefit from different
site architecture than the user who wants to quit smoking or
manage weight loss. In the latter scenarios, the information
sought may be complicated and unfamiliar; the user may not
even know exactly what information they should be seeking.
Thus, while many 1A recommendations exist, there is still a
lack of empirical evidence for the role that 1A plays in
Web-based health behavior interventions.

Digital health interventions that mention 1A primarily focus on
navigation systems[3-5]. Generally, navigation systems concern
the relationships among information or content at different
levels—such as Web pages or sections. Structures can be
hierarchical (top-down approach, with broader subjects
encompassing smaller ones), matrix (movement along multiple
dimensions), organic (free movement or exploration), or tunnel
(sequential or linear organization) [6].

Many experts in the field recommend and implement a tunnel
(or tunnel hybrid) design for behavior change websites. A recent
systematic review of Web-based hedlth intervention studies
showed that tunneling structures were used in 90% of
interventions reviewed. Of the interventions reviewed, al of
those with amental health focus used tunnel designs[7]. Users
of websiteswith atunnel design navigatein asequential fashion
to optimize the ordering of information and maximize the
effectiveness of the site, in much the same way that one would
read anovel or watch atelevision seriesfrom start to finish [1].
An example of tunnel design might be an online app that takes
the user through a series of stepsin a sequential order (eg, the
app for heath insurance on the American HeathCare.gov
website), or asite with an e-learning module where lessons are
presented in a predetermined order [1,8]. A tunnel experience

http://www.jmir.org/2018/3/e97/

islesslikely to overwhelm users with information and options;
it simplifiesinformation consumption by defining what the user
sees and when. In addition, tunnel design has the capacity to
provide tailored “remedial” loops for users who do not pass
certain knowledge test “check-points’ or assessments [1]. In
general, this type of feedback and reinforcement personalizes
the experience and helps the individual progress through an
intervention program. Evidence shows that personalized Web
interventions are more efficacious in behavior change [1,9].

A hybrid design that includes elements of tunnel design provides
an opportunity to give users more structure and guidance while
also allowing a user to break free from a*“locked” information
structure if they so choose[1]. A website with ahybrid design
might, for example, offer the user atable of contentsthat allows
that individual to view website pages in any order. However,
this same site might al so include links within certain pages that
direct usersto alogical next step, thereby providing an element
of tunnel design (eg, the National Institute of Justice's
Laboratory Safety Training website) [10]. A hybrid tunnel
design has the capacity to offer the user various ways of
consuming the information, which may incentivize the user to
take amore active role in their learning experience rather than
simply turning pages, which is arisk with tunnel-only designs
[1]. Hybrid design may also reduce attrition rate of afull tunnel
design, asit does not deter individualswho may find the tunnel
design too inflexible [1].

Conversely, free-form matrix—also known as organic—and
hierarchical designs are less suitable for users unfamiliar with
the content area (asis often the case for users of behavior change
sites) because the freedom to explore information may make it
difficult to navigate [1]. Additionally, these designs can make
it more challenging for usersto retrace their information search
in order to review something previously seen [1].

Despite the af orementioned recommendations and the attention
| A hasreceived inthe commercial sector, |A islargely amissed
opportunity in the health behavior field. Most digital health
intervention research describes the studies but fails to address
the actual features of the Web tools being used, such as their
IA [11-13]. Yet, understanding and implementing |A designs
that best promote behavior change may be a simple and
sustainable way to significantly improve the efficacy of digital
interventions.

Thus, this review synthesizes the existing literature on website
IA in the context of Web-based health interventions. We
examine whether manipulating the information architecture of
Web-based health interventions influences website use, health
behaviors, and outcomes.
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Methods

Inclusion and Exclusion Criteria

Articles were considered eligible if they met al inclusion
criteria. In addition to being peer-reviewed and published in
English, studies were included if they were (1) a randomized
controlled trial (RCT), (2) an assessment of the effect of one
typeof | A compared to any other typeof |A, (3) anintervention
delivered in a Web-based setting, and (4) included either a
primary health outcome measure (eg, disease status) or a
secondary, proximal health outcome measure including change
in knowledge, attitudes, or beliefs (eg, hepatitis knowledge)
relating to the target health behavior, behavior change (eg,
number of cigarettes smoked), website engagement (eg, number
of pagesvisited), or attitudes towards the website (eg, perceived
user control). No date restrictions were imposed. Interventions
could address any hedlth issue (eg, mental health, chronic
conditions, and communicable diseases). Studieswereincluded
only if interventionswere Web-based; interventionsthat focused
on mobile apps or games, for example, were excluded.

Search Strategy

Literature searches were conducted on March 30, 2015. The
following electronic databases were searched: ACM Digital
Library, CINAHL, Cochrane Library, Google Scholar, Ebsco,
and PubMed. The search terms used included information terms
(eg, information architecture, interaction design, persuasive
design), behavior terms (eg, health behavior, behavioral
intervention, ehealth), and health terms (eg, smoking, physical
activity, diabetes) (see Multimedia Appendix 1).

Eligibility assessment was performed independently by 2
reviewers. Disagreements between reviewers were resolved by
consensus that included athird reviewer.

Data Extraction and Synthesis

A data extraction form was developed based on a priori
categories established by 3 reviewers. Dueto the small number
of articlesincluded in the review, this form was piloted on the
three publications included in the systematic review.

Information was extracted from each included study on (1)
characteristics of participants (including age, disease/behavior
status), (2) type of intervention, (3) types of information
architecture manipulated, (4) duration of the study, (5) website
engagement outcomes, (6) knowledge, attitudes, and beliefs
outcomes, and (7) health outcomes.

To determine the validity of eligible randomized trials, the pair
of reviewers used the Cochrane Collaboration tool for assessing
risk of biasinindividual studies[14]. Disagreementsin quality
assessments were resolved by discussion between the 2
reviewers.

Results

Findings
Figure 1 illustrates the number of studies identified, screened,

and included in this literature review [15]. The database
literature search produced 782 citations. After duplicate citations

http://www.jmir.org/2018/3/e97/
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wereremoved and the abstractswerereviewed, 17 citations met
theinclusion criteria. The full text of these remaining citations
were reviewed, and 14 were excluded because of study design
(non-RCTs), a lack of IA manipulation, a lack of primary or
secondary health outcome measures, or because they studied a
non Web-based platform. Three articles were included in this
systematic review [16-18].

Risk of Bias Assessment

Therisk of bias criteriaand outcomes are described in Table 1.
Overal, risk of biasfor al studies was low. Two studies failed
to clearly report their method of random sequence generation
[17,18], and one failed to report methods of allocation
concealment and blinding of participants and personnel [17].

Study Char acteristics

A summary of notable study characteristicsisreportedin Table
2. Samplesizesranged from 561 [16] to 2523 [17] participants.
One study was conducted in the United States [17], one in the
Netherlands [18], and the third in Germany [16]. All studies
were published in English.

Participants

Although all three studies lost participants to follow-up, only
Weymann et al noted selective dropout, which occurred among
participants with chronic lower back pain [16]. Those in the
tailored condition were younger (mean 48.0, SD 12.9) and had
higher education defined by having more than 10 years of
education (119/190, 62.6%) than thosein the control (age: mean
52.0, SD 12.7, P=.015; education: 94/188, 50.0%, P=.021). This
study conducted intention-to-treat (ITT) and available cases
(AC) analysesin order to determine the extent to which selection
bias may have impacted the results.

Intervention Characteristics and Outcomes

The manipulation solely of IA was studied in only one
publication [18], making it difficult to attribute the other two
studies' results to the difference in IA. The two other studies
mani pulated website features (eg, interactivity, email prompts,
and forums) and tailored content in addition to IA. All studies
assessed some form of tunnel architecture against an organic
architecture. Outcomes assessed included number of pages
visited, time on site, website attrition, knowledge, perceived
user control, perceived control, decisional conflict, patient
empowerment, preparation for decision making, and changein
knowledge.

Given that only one of the three publications assessed the
isolated effect of IA, intervention characteristics and effect of
IA on outcomes of interest are presented by study and
categorized by whether the effect of |A was isolated. Table 3
includes more details regarding the studies’ designs, results,
and conclusions.

I nterventions Assessing the | solated Effect of
Information Architecture
Crutzen et al Intervention Characteristics

The Crutzen et a study involved two versions of awebsitewith
different information architectures and a no-website control
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group [18]. This publication assessed tunnel versus organic
architecture.

One intervention group used a website about hepatitis with
tunnel design. The pages on this site could be viewed only in a
predetermined order and pages could not be skipped. The second
group visited a freedom of choice (organic) site with identical
content and the same number of pages as the tunnel version,
but users had the ability to skip pages.

Crutzen et al Outcomes

Participants in the tunnel condition visited more pages (mean
11.4) compared to those in the freedom of choice condition
(mean 7.4, P<.001). Users in the tunnel condition also spent
more time on the site the than freedom of choice users (3:50
minutes compared to 2:38 minutes; F 45,=6.32, P=.01).

Less user control had a negative effect on perceived website
efficiency (P<.01), but a positive effect on knowledge gained
(P<.001). Participants in the tunnel group scored higher on
hepatitis knowledge compared with the freedom of choice group
(P<.001).

Pugatch et al

I nterventions Assessing the Non-1 solated Effect of
Information Architecture

Danaher et al I ntervention Characteristics

Danaher et al exposed smokeless tobacco users to a Basic and
an Enhanced website for smokeless tobacco cessation called
Chewfree.com [17]. The article assessed hybrid tunnel versus
organic architecture. The Enhanced condition offered atailored
and interactive Web-based program that included text-based
information, video-based testimonials, printable resources,
interactive activities, annotated linksto other website resources,
and two Web forums. The Enhanced site used five navigational
pages (one of which used a hybrid design that incorporated
tunneling). The Basic condition represented a subset of the
content presented in the Enhanced condition and included
text-based content using four navigational pages. It also offered
a printable self-help smokeless tobacco cessation booklet,
printable cessation resource, and annotated links to other
recommended websites for tobacco cessation.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram. RCT: randomized controlled trial; 1A: information

architecture.
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Table 1. Risk of bias assessment?for individual studies.

Pugatch et al

Criteria Weymann et al [16] Danaher et a [17] Crutzen et a [18]

Risk of  Support for judgment Risk of  Support for judgment Risk of  Support for judgment
bias bias bias

Random sequence Low Simplerandomization of par- Unclear No description of the Unclear No description of the

generation ticipants performed by a soft- me_thodol ogy to generateallo- me_thodol ogy to generateallo-
ware program cation sequence cation sequence

Allocation Low Randomization softwareas-  Unclear  No description of methods Low No description of methods

concea ment sured the concealment of allo- used to generate intervention used to generate intervention
cation. or control alocations. Howev- or control allocations. Howev-

er, given the study took place er, participants were not in-

online, itisunlikely that par- formed about the existence of

ticipants would be aware of these 3 groups or that the

allocation. study focus was on website
use.

Blinding of Low Participants were awarethat  Unclear No description of participant Low No description of participant

participants there were intervention and or researcher blinding. How- or researcher blinding. How-
control groups, but blinded to ever, given study took place ever, given the study took

and personndl their assgnment. However, online, it is unlikely that ei- place online, it isunlikely that
authors stated “it might be ther participants or re- either participants or re-
possible that participants searchers would have been searchers would have been
identified the intervention aware of the intervention and aware of intervention and
group due to the unusual dia- control allocations. control allocations.
logue-based delivery format
used in the intervention
group.” Dueto software-auto-
mated allocation, personnel
remained blinded.

Blinding of outcomes Low Outcomes all collected via Low Website use and engagement  Low All outcomes were collected

assessment self-reported questionnaires. comprised all outcomes mea- viaacomputer server (web-

sured, which were calculated site use) or via self-reported
viaan automated computer guestionnaires completed on-
program. line.

Incomplete outcome  Medium  Although authors stated that  Low Only about 6% of participants Low Relatively small dropout rate

data “ettrition was comparatively werenot included inthe anal - between pre-test and follow-
low for an onlinetrial,” they yses. Thisincluded partici- up, and authors reported that
found evidence for selective pants who never visited their there was neither selective
dropout between the control assigned website or returned dropout nor adifferencein
and intervention conditions. only to complete online assess- dropout between conditions.

ments.

Selective reporting Low Datafor all outcomes de- Low Datafrom al outcomesindi- Low Datafrom all outcomes indi-
scribed in the study proto- cated in the Methods section cated in the Methods section
cols>€ were reported. reported in the Results sec- reported in the Results sec-

tion. tion.

Other bias Low None identified. Low None identified. Low None identified.

8Risk of bias was categorized as low, medium, or high based on whether reviewers thought the methods or descriptions indicated a low, medium, or
high risk. “Unclear” risk of biases was noted for studies that lacked a description of that domain.

br19].
20].

Danaher et al Outcomes

Specific tunnel elements and IA were not isolated in this
intervention. The Enhanced site generated more usage.
Participants in the enhanced condition made more visits and
spent more time on the site than participants in the Basic
condition (P<.001). Usersin the Enhanced condition continued
to use the site for more days than Basic website users (P<.001).
Interestingly, more cessation content was visited in the Basic
condition, though the study authors note that this could be due
to the same content being difficult to find in the Enhanced site.

http://www.jmir.org/2018/3/e97/

Weymann et al I ntervention Characteristics

Weymann et a compared a tailored and interactive site with
some tunneling elements to a control site without tunneling
[16]. The study assessed dialogue-based and tunnel versus
organic architecture. There were intervention and control sites
for people with type 2 diabetes and chronic lower back pain for
atotal of four conditions. Thelook of the websites (colors, font,
figures, and pictures) was identical in all conditions, and
participants could view sites as often as they wished.
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In the tailored conditions, the delivery format was a
dialogue-based, tunnel design. The dialogue aspect of thedesign
attempts to imitate a conversation with a health professional.
Various check-points assessed user knowledge and attitude
toward atopic, and content was then modified according to their
answer. Users were given limited control over the sequencein
which they viewed content—although they were permitted to
pick from one of several optionsat the end of each text passage.
On the control websites, the content was not tailored and was
not presented in a dialogue format. In contrast to the tailored,
interactive version, the control website userswere given freedom
to view content in any order by selecting topics from a menu.

Weymann et al Outcomes

Anayses and findings of this study did not explore IA
specifically. In this study, the tailored and tunnel conditions

Table 2. Characteristics of included studies.

Pugatch et al

spent more time on the site (51.16 minutes) than the control
groups (37.6 minutes) (P<.001). Resultsfor the other outcomes
are asfollows:

«  Knowledge after the first visit ITT: no significant
difference (P=.53); AC: tailored group had significantly
more knowledge (P=.02) than control

- Patient empowerment 1TT: no significant difference; AC:
tailored group had better emotional well-being (a subscale
of empowerment) than control (P=.009)

- Decisional conflict disease main effect for ITT and AC

« Preparation for decision making ITT: no significant
difference; AC: disease main effect (P=.02)

Content tailoring and interactivity may increase knowledge and
reduce health-related negative effects in persons who use
interactive health communication apps.

Study Intervention arms Population Samplesize Health concern  Outcome measures®

Weymann et Tunnel condition: Tunnel Adultsin Germany with ~ Baseline (n=561): Tunnel  Type 2 diabetes; (1) Time on website, (2)

a [16] design and tailored content  accesstointernet and suffi-  condition n=283; Control ~ Chronic lower Knowledge after first web-

cient computer/internet lit-  condition n=278 back pain site visit, (3) Decisional

Control c_ond_i tion: Fre_ae iﬂs:l&;r_t rl;[())??et; giaad;r?o- FoIIow-qp (n=295): Tun- S? Sr:l;I I(C j)d;rzp?a\?;e:?;re
fqrm naxll_gatlon website sis of type 2 diabetes or nel condl_tl_o nn=146; Con- decision making after 1st
with untal!ored _content not 4 ronic low back pain. trol condition n=149 website visit, (5) Patient
presented in a dialogue for- empowerment at 3-month
mat follow-up

Danaher et Enhanced condition: Hybrid Adult smokelesstobacco  Baseline (n=2523): En- Smokelesstobac- (1) Websitevisitsat T1,

a [17] tunnel design websitewith  usersin the United States. hanced condition n=1260; co use T2,and T3, (2) Timeon
interactive, tailored, rich Control condition n=1263 websiteat T1, T2, and T3,
media (3) Website attrition from

- : T1-T3
Control condition: Static, Follow-up (n=2375): En-
text-based website with free hanced condition n=1200;
navigation to al content Control condition n=1175
Crutzenetal Tunnel condition: Website ~ Adult internet usersinthe Baseline (n=668): Tunnel  Hepatitis (1) Time onwebsiteat TO,
[18] with tunnel design and less  Netherlands. condition: n=226; Free- (2) Number of pages

user control

Free-form condition: Free-
dom of choice design where
users had ability to skip
pages

Control condition: No expo-
sure to website

form condition: n=228;
Control: n=214

viewed at TO, (3) Per-
ceived user control at T1,
(4) User perceptionsat T1,
(4) Change in hepatitis
knowledge from TO-T2

Follow-up (n=571): Tun-
nel condition: n=200; Free-
form condition: n=193;
Control: n=178

8T0=baseline, T1=time 1, T2=time 2, and T3=time 3, when user data were collected.
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Table 3. Results and conclusions of included studies.

Pugatch et al

Knowledge, attitudes, beliefs results

Conclusion

Author Data collection points Website use results
Weymann et T1: Immediately after 1st ~ Time on website: Tunnel
al [16] website visit, T2: 3-month  condition mean 51.2 min;
follow-up Control condition mean 37.6
min (P<.001)
Danaher et T1: 6 weeks after enroll- Website visits: Enhanced
a [17] ment, T2: 3 months after condition made more visits

enrollment, T3: 6 months
after enrollment

(z=-16.64, P<.001, 2-tailed).

Time on website: Enhanced
condition spent more time
viewing website content
(z=-17.63, P<.001, 2-tailed).

Website attrition: Enhanced
condition showed slower at-
trition (P<.001 for both log-
rank and Breslow tests).

Crutzenetal TO: Pretest, T1: Immediately
[18] after viewing website, T2: 1
week after viewing website

Time on website: Tunnel
condition mean 3:50 min;
Free-form condition mean
2:38 min (F1,452=6.32,
P=.01).

Number of pages visited:
Tunnel condition mean 11.4
pages; Free-form condition
mean 7.4 pages
(F1‘452:171.49, P<001)

Knowledge after 1st visit: ITT? analy-
sis=Tailored condition mean 77.9; Control
condition mean 76.3 (P=.53).

ACP analysis=Tailored condition mean
79.1; Control condition mean 75.2 (P=.02)

Decisional conflict after 1st visit: No sig-
nificant intervention main effects for AC
or ITT analyses.

Preparation for decision making after 1st
visit: No significant intervention main ef-
fectsfor ACor ITT anayses.

Patient empowerment at 3-month follow-
up: ITT analysis=sNo significant interven-
tion main effect or interaction.

AC analysis=Intervention main effect for
Emotional Well-being (subscal e of patient
empowerment). Tailored condition mean
68.5; Control condition mean 60.0
(P=.009).

N/AC

Perceived control: Free-form condition
higher mean 5.2; Tunnel condition mean
3.9 (Fly452:134-32, |<001)

Change in hepatitis knowledge: Tunnel
condition pretest mean 5.0, posttest mean
8.2; Free-form pretest mean 5.4, posttest
mean 7.2; Control condition pretest mean
5.4, posttest mean 5.6 (F2,567:47'241
P<.001). All pairwise comparisons signif-
icant (P<.001).

Participants spent more time
with tunnel site than the con-
trol. Inthe ITT analyses, this
did not result in more knowl-
edge or empowerment. Sensitiv-
ity analyses (AC) showed that
participantsin tunnel condition
displayed more knowledge and
emotional well-being. Howev-
er, on other measures of patient
empowerment, there was no
difference between the 2 condi-
tions.

Study suggeststhat hybrid tun-
nel 1A may encourage higher
participant engagement with
website content than free-form
IA. Engagement measures are
important in understanding
program effectiveness. Howev-
er, thestudy islimited in that it
does not directly measure be-
havioral outcomes.

|A that provides less choice
may improve intervention en-
gagement and disease know!-
edge, which may benefit health
behavior outcomes. However,
user perceptions of efficiency
may be compromised by re-
stricting user choice.

4TT: intention-to-treat.
bAC: available cases.
°N/A: not applicable.

Discussion

Principal Findings

Given thelimited body of evidence connecting I A to behavioral
outcomes and website engagement, no clear conclusions can
be made about the rel ationship between | A and health outcomes.
Moreover, several weaknesses in the design of the studies
identified make it challenging to generalize results. Only one
of the articles, for example, explicitty and empirically
manipulated 1A by itself [18]. The other studies included other

http://www.jmir.org/2018/3/e97/

RenderX

manipulations to website features and tailoring, making it
difficult to attribute the results to the differencein IA. Loss to
follow-up also makesit difficult to determine whether outcomes
resulted from the intervention itself or simply bias[16]. Future
empirical research on | A necessitates more robust study designs
that isolate the effect of 1A and minimize loss to follow-up.
Adopting a more nuanced study design approach may even
allow researchers to isolate |A while testing other features of
anintervention inan RCT. For example, the Sequential Multiple
Assignment Randomized Trials (SMART) design for adaptive
interventions—in which participants move through multiple
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stages of an intervention and get reassigned to several
intervention options—might offer an opportunity to test IA
featurestail ored to particular users depending on their behaviors
and needs within the context of alarger intervention trial [21].

The publications in this review did not assess health
outcomes—instead they focused on more proximal outcomes
such as behavior change and website engagement. It isgenerally
accepted that some level of engagement with a digital
intervention is necessary in order to achieve any benefit [22,23],
and as such, engagement is often used as a proxy indicator of
behavior change or health outcomes. However, engagement
measures are not as robust as behavior change or health
outcomes (longer engagement might, for example, reflect
difficultiesin understanding or navigating through the site), and
health practitioners and clinicians should collaborate with
developers to conduct randomized trials with health outcomes,
in order to improve the body of literature on 1A.

Strengths and Limitations

There were some limitations to the review process itself. First,
we did not prospectively register our literature review, thereby
risking duplication. Also, because search terms attempted to
capture websites relating to such a broad topic (ie, heath
behavior change), it ispossiblethat despitethelonglist of health
terms included, we missed relevant |A and heath behavior
change studies.

Despite these limitations, the results of the Crutzen et al study
do suggest that lessuser controal (ie, tunnel design) may increase
website use and knowledge gained [18]. Less user control may
have more impact in a health behavior change context for a
variety of reasons [1]. First, a tunnel experience may avoid
overwhel ming users with too many options by controlling what
the user sees and when. In addition, tunnel design can provide
amoretailored user experience by tracking users’ progressand
knowledge attainment (viatests or assessments) and delivering
appropriate content accordingly [1]. Feedback and reinforcement
not only personalize the user experience but aso help the
individual progress through an intervention program and adopt
a behavior change [1,9]. The Weymann et a study included
some of these tailoring elements; it is certainly possible that
thisattributed to the higher engagement levelsin theintervention

group.

Pugatch et al

Future Considerations

More research is needed to explore whether tunneling can
improve user engagement and knowledge and to understand
how it impacts behavior outcomes. Additionally, the studies
identified here examine only navigation systems (specifically,
tunneling versus organic design), which is just one component
of information architecture. Future research should consider the
effectiveness of other |A organizing designs (ie, hierarchical
and matrix design), as well as other 1A elements, such as
labeling systems (ie, how information is represented). Some
research is beginning to explore the effect of enhanced search
systems (ie, how users look for information) within a
health-related website [24].

Future reviews might also consider alarger scope of literature.
For our purposes, we considered only peer-reviewed RCTSs.
However, there may be a body of gray literature, abeit less
robust, on the subject of |A for Web-based health interventions
that could be worth investigating given the lack of evidence
found here.

The limited evidence base found in this review demonstrates
that |A isalargely unstudied aspect of the health behavior field.
If arobust evidence baseis established and effective | A designs
for health behavior change are identified, the development of
Web-based interventions could be streamlined. In addition to
improved intervention efficacy, evidence-based | As could free
up resources like time and money to enhance other aspects of
the intervention such as graphic design, user experience,
marketing, or evaluation. Also, theuse of A/B or pre-post testing
through automated digital platforms could make building an
evidence base more feasible.

Conclusion

Dueto thelimited evidence base, few claims can be made about
the relationship between 1A and health and behavior outcomes.
Thereis support for the effect of tunneling on user engagement
and knowledge, but more research is needed to support this
claim.

This synthesis of information will provide guidance to
practitioners designing websites for health behavior and health
outcomes. We hopethis serves asastarting point for hypothesis
generation to improve empirical evidence on |A and health and
behavior outcomes.
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Abstract

This viewpoint paper argues that policy interventions can benefit from the continued use of socia media analytics, which can
serve as an important complement to traditional social science data collection and analysis. Effortsto improve well-being should
provide an opportunity to explore these areas more deeply, and encourage the efforts of those conducting national and local data
collection on health to incorporate more of these emerging data sources. Social media remains arelatively untapped source of
information to catalyze policy action and social change. However, the diversity of social media platforms and available analysis
techniques provides multiple ways to offer insight for policy making and decision making. For instance, social media content
can provide timely information about the impact of policy interventions. Social media location information can inform where to
deploy resourcesor disseminate public messaging. Network analysis of social mediaconnections can reveal underserved populations
who may be disconnected from public services. Machine learning can help recognize important patterns for disease surveillance
or to model population sentiment. To fully realize these potential policy uses, limitations to social media data will need to be
overcome, including data reliability and validity, and potential privacy risks. Traditional data collection may not fully capture
the upstream factors and systemic relationships that influence health and well-being. Policy actions and socia change efforts,
such as the Robert Wood Johnson Foundation’s effort to advance a culture of health, which are intended to drive change in a
network of upstream health drivers, will need to incorporate a broad range of behavioral information, such as health attitudes or
physical activity levels. Applying innovative techniques to emerging data has the potential to extract insight from unstructured
data or fuse disparate sources of data, such aslinking health attitudes that are expressed to health behaviors or broader health and
well-being outcomes.

(J Med Internet Res 2018;20(3):€94) doi:10.2196/jmir.8508

KEYWORDS
social media; health policy; health promotion; health knowledge, attitudes, practice; social change

Foundation’s effort to advance a Culture of Health, will need

Introduction

Recent efforts to improve health and well-being have looked
beyond medicine and health care to consider the influence of a
network of upstream factors such associal connectedness, civic
engagement, and the physical environment. However, traditional
data collection may not fully capture the upstream factors and
systemic relationshipsthat could drive positive changein health
and health carein the United States[1]. Furthermore, measuring
community attitudes and behaviorsto inform policy isfrequently
accomplished with labor-intensive surveys or interviews. Policy
actions that are intended to influence broader social changein
upstream drivers, such as the Robert Wood Johnson

http://www.jmir.org/2018/3/e94/

to incorporate a more varied range of behavioral information
to inform those actions, when timely or relevant information is
otherwise unavailable. Applying innovative techniques to
emerging data has the potential to extract insight from
unstructured data or fuse disparate sources of data, such as
linking health attitudes that are expressed to health behaviors
or broader outcomes.

Social media provides an unprecedented opportunity to
understand values and expectations about health, and to track
healthy behaviors and outcomes in timely ways. Using
Web-based applications, people now create and share a wide
range of content that may provide richer insight into the value
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they place on health and well-being for themselves, their friends
and family, and the surrounding community. For instance, the
amount of discussion (eg, frequency of Twitter mentions) about
healthy eating, physical activities, or stress management suggests
how much people are thinking about well-being or engaging in
health promotion activities [2]. Social media check-ins, that is,
when people post their location at acertain place (eg, at apublic
park or restaurant), can reveal how often people use heathy
places.

These behaviors offer insightsinto how social mediacan reflect
what people consider important, that is, the topicsthey consider
worth discussing or activities they consider worth their
participation. Tracking these health-related conversations or
actions over time may provide early indicators about important
health events or reveal activity patterns that contribute to, or
detract from, health and well-being. Policy makers can then use
this insight to inform either targeted interventions or broader,
longer-term initiatives. Despite a wide range of academic
research on how to categorize and mine socia media
information, social media remains relatively untapped as a
source of information to catalyze policy action and advance
social change, specificaly for health and well-being. Harnessing
this potential will require careful consideration to establish
validity and reliability, such as addressing biasin either social
media usage or analytic techniques.

Why |s Social Media Well Suited to Support Policy
Action and Social Changefor Health and Well-Being?

Rapidly refreshed and constantly changing, social media data
can help track attitudes and behaviors along multiple paths
toward improving health and well-being. Current policy making
to advance cultural change in heath and well-being has
emphasized multisectoral collaborative efforts. For example,
in the Culture of Health framework, there is a focus on a
dynamic process of improving population well-being, reliant
on large amounts of information that updatesrapidly and differs
by location, as well as by geographic, demographic, and social
sectors. However, traditional public policy measurements, such
astracking health policies, community will, or other community
or infrastructure level indicatorsfall short in providing the depth
needed on behavioral insights.

Social mediadata can fit the bill. They are both communal (ie,
containing shared tiesand socia connections) and individualistic
(ie, highly granular) and can be broken down to examine
behaviors across geography, demographics, or socioeconomic
status. Thisis because although social mediaiswidely used, it
isaso heavily used by certain segments of the population (eg,
youth, minorities) that may be important for issues of health
equity. In a Culture of Health, shifting and influencing mindset
and expectations about health and well-being is central to social
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change [3]. Social media could be a particularly valuable tool
to capture the mindset and expectations of people in these
groups. For instance, minorities may be more likely than other
groupsto accessthe Internet and social mediaprimarily through
their mobile phones, and these actions could be better tracked
to understand health and well-being behaviors [4].

Datafrom social mediacan provideinsight into whether people
exhibit similar views and behaviors around the importance of
health and well-being. This is because social media, and big
datamore broadly, offer auniquetype of naturalistic, behavioral
datathat are arich source of information on health attitudes and
behaviors. For instance, the amount of online discussion (ie,
frequent word use) on a given topic may be related to genera
interest in that topic, particularly when considering text and
sentiment analysis. One study of postings on aweight-lossblog
suggested that sharing one’s negative emotions, asindicated by
the use of sadnesswords, waslinked to greater successinlosing
weight [5]. Similar explorations of social media as a way to
understand health attitudes and behavior (eg, [6-8]) and track
health outcomes (eg, [9,10]) further illustrate the potential in
exploring social media data to establish their utility for policy
uses.

Social M edia Offer sMultiple Pathwaysto Under stand
Health Attitudes and Behaviors, Key Elements of
Cultural Changeto Promote Health and Well-Being

There are many examples of health-policy areas to suggest
where social mediamay offer insight or suggest specific policy
implications. For instance, the fields of infodemiology and
infoveillance explore the use of sociad media and other
Web-based data for public health, such as to predict disease
outbreaks [11], explore opinion about smoking among at-risk
populations [12], and investigate the impact of environmental
factors such asweather on chronic pain[13]. Thiswork hasaso
sought to demonstrate what is possible from a methodol ogical
standpoint, such as determining the geographic distribution of
Twitter users providing their location information [14],
distingui shing between human Twitter users and bots (automated
user accounts) [15], or case studies of social media opinion
regarding specific medical conditions[16].

As these examples illustrate, the diversity of socia media
platforms, and of available analysis techniques, provides
multiple ways in which social media track policy-relevant
indicators. As outlined in Table 1 and the sections that follow,
both social media data and related analytic methods contribute
to this potential as a data source to understand health attitudes
and behavior. For each of these areas, social media data can
either complement existing health measures or provide novel
ways of measuring behavior change.
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Table 1. Social media data and methods for health policy action and decision making.

Social mediaanalysis Health policy use

Example health policy implication

Datatype
Content (text, photos, video)

Location

Network connections
Analytic method

Content analysis

Network analysis Characterize networks

Machinelearning and algorithms  Predictive analytics

Crowdsource data for public health surveillance

Build mapping and mobility patterns

Map patterns of social relationships and interactions

Identify health attitudes and behaviors

Use data to more efficiently inform policy interven-
tions

Allocate resources to communitiesin need

Characterize socia relationships and communities

Build alternate measures of well-being
Identify spread of health behaviors

Monitor for early warning about disease outbreaks

Social M edia Content

Policy makers who wish to estimate the impact of a proposed
or newly implemented action generally rely on either new data
collection or retrospective information from large-population
datasets, both of which are laboriously collected and compiled
before they are released. Concrete information about policy
impact has to be waited for until new data are released, which
may delay adjustments or follow-up efforts for months or even
years. By contrast, early indications, such as indications from
social media, about important health events or trends could
provide policy makerswithinsight to inform targeted and timely
interventions.

Social media postings are often spontaneous and frequent. As
aresult, the content of these postingsistimely and can provide
up-to-the-moment information. Moreover, people often post on
socia media from mobile devices, contributing to immediacy
and, frequently, location information. Accumulating these
frequent postings enables collection of large amounts of
collective information that might not otherwise have been
avalable (ie, “crowdsourcing”). Taken together, these data
features may be combined with the content in powerful ways,
such as for public health surveillance of disease outbreaks [9]
or natura disasters [17]. Such analyses can help monitor
progress of interventionsor relief efforts, or improve situational
awareness. A key use for socia media may be to improve our
understanding of the prevalence or patterns of incidents (eg,
disease spread or outbreaks) that may be currently difficult to
detect, measure, or quantify. Beyond discrete events, such as
disastersor disease outbreaks, social media can be used to track
broader trends in chronic stress, preventable hospitalizations,
or global burden of disease; for instance, language use on
Twitter tracks with rates of coronary heart disease [10].
However, athough academic research illustrates potential for
social media-based health surveillance, attemptsto put thisinto
practice have raised methodological concerns (see afollowing
illustrative example about Google Flu Trends).

Social mediamay also help improve accessto health information
and up-to-date measures of patient and consumer experience
with care. For instance, take the case of Hello Health, a small
primary care practice. Hello Health doctors employ multiple
socia mediatools, including social networks, blogs, and video
chat. According to Hello Health’s doctors, such tools can
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improve communication between health care providers and
patients, leading to increased patient engagement and
satisfaction [18]. And as patients can use these social media
channels to obtain information directly from their health
providers, they can also seek information elsewhere online.
Social media platforms provide increasingly detailed
information, such asin specialized health forums (eg, WebMD,
PatientsLikeMe), or on more general sites. Yelp, a Web-based
review site, has partnered with ProPublicato provide additional
data (eg, wait times, noiselevels) to Yelp listings of health care
facilities [19]. Data on these communication patterns could be
instructive in understanding how to improve patient engagement,
health literacy, and accessto care.

The immediacy inherent in social media also suggests some
potential pitfalls. Social mediadataare difficult to validate (eg,
linking online speech to offline behaviors), and thus may be
less accurate than other, more rigorously compiled datasets. In
addition, social media’s rapid refresh cycle may encourage
policy makers to focus on transitory quick wins or tactical
improvements, to the detriment of longer-term, more strategic
efforts.

L ocation I nfor mation

Policy decisions often depend heavily on maintaining an
accurate, up-to-date picture of where residents and visitors are
located. Location information may inform everyday decision
making about when and where to deploy resources or
disseminate public messaging. In emergencies such as natural
disasters, evacuation efforts may hinge on reliable location
information.

L ocation-based services (eg, mapping) are akey feature of many
social mediaplatforms. Consequently, location datafrom social
media may be crucia to providing updated information about
shifts in the physical environment that may be unavailable
through other means. A proliferation of mapping efforts using
social media-based location information (eg, by hedth
departments), often in real time, have begun to explore
geographic variations in values, health literacy, or the spread
of disease outbreaks. Broad usesfor these efforts could include
tracking epidemiological patterns (eg, disease outbreaks,
clusters, trends), or human mohility patternsthat provide broader
information than just health or epidemiological patterns (eg,
transportation patterns, seasonal or geographic variations).
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Real-time location information from social media can be used
for more-accurate situational awareness of physica
infrastructure, such as public transportation usage or commute
times. Other possibilities to measure community investment in
healthy environments include traffic data (eg, Waze), public
transportation ridership, or usage of healthy alternatives, such
as public bicycles. User “check-ins’ on services such as Yelp
and Foursquare, where users self-report their locations at specific
venues such as gyms or public parks, can indicate demand for
healthy places or those with opportunitiesfor social connections.
Other location-based information may be less dependent on
real-time updates but no less useful. Redfin, an onlinereal estate
site, provides housing and neighborhood information, such as
affordability, walkability, and safety, which may be useful in
considering issues of equity. For instance, overlaying changes
in home prices or median income with other location data could
show the impact on acommunity of increasing accessto health
care, transportation, or healthy foods. By providing opportunities
to monitor health and safety, socia media and other mobile
technol ogies could offer information about how to address stark
geographic differencesin life expectancy [20].

Using location information from social media may present
certain difficulties. A key issue that may affect data
representativenessisthat only avery small proportion of social
media users choose to disclose location information [14]. This
may result in biased location data, particularly if there are other
differences between those who choose to share location
information over social media, and those who do not. Thereare
also privacy considerations to using location data for policy
making. Much can be discerned from knowing where people
go, potentially including their home, workplace, or typical
activities. When designing health interventions or data
collection, policy makers should carefully consider how such
potentially identifying characteristics are used.

Networ k Connections

Aspopulation dataare collected, communities are often defined,
out of necessity, as a simple agglomeration of characteristics
made up of itsindividual members, without accounting for how
those people may be connected. Social connections, however,
can congtitute a subtle form of group analysis, exploring who
issimilar, who talkswith whom, and who may influence others
actions and attitudes. Thus, while discerning specific
relationships among individual s or subgroups may be difficult,
relationship and social network information can be extremely
powerful.

Violence prevention efforts have compiled network information
to identify and then work with individual s who have been most
susceptible to perpetrating, and falling victim to, violence in
their communities. Similar networks built from social media
data could be used to target health messages (eg, high-risk
individuals) or efficiently communicate in disaster situations
(eg, notifying individual s to evacuate). For years, schools have
built “telephone trees,” linking parents to one another so that
important information may be disseminated acrossthe network.
Social media, with its explicit relationship links, offer policy
makers ready-made tel ephone trees across entire communities.
Insight into these networks could be instrumental in how well
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a community responds to an emergency, providing up-to-date
network maps that could reveal members who are not linked
into services, and then informing policy decisions around
resource allocation to fill gaps.

Social Media Content Analysis

Social media content, including message text, photos, and
videos, can complement traditional attitudinal measures of health
attitudes and behaviors. Insight may be extracted from any text
from social media postings. For instance, attitudes regarding
perceived sense of community, health interdependence, and
civic engagement are linked with well-being, and currently
measured by self-reported data[21]. Social media content may
provide additional ways to measure perceived sense of
community. Web-based conversations where people use more
first-person plural pronouns(eg, “we,” “us,” “our”) may suggest
greater feelings of group cohesion or sense of community (eg,
[22,23]). Alternate ways of measuring community well-being
beyond economic indicators (eg, Human Development |ndex)
are also possible. Natural language processing techniques that
analyze vast amounts of text, such asthose generated from social
media, can be employed to develop indicators of literacy, such
as creativity, language sophistication, or emergence of new
forms of language (eg, slang). Similar automated techniques
might also analyze nontext content, such asemoticons or emgjis.
Text-based measures can use analytic techniques to identify
key topics of discussion, and then demonstrate varying
perceptions of sense of community or civic engagement around
them. This could lead to novel ways to measure civic
engagement, as social media use may be predictive of voting
behavior [24]. These indicators also reveal some intriguing
associations with existing socioeconomic measures. For
instance, a community’s usage of linguistic markers of
community cohesion may be related to its score on the Gini
index (a measure of income distribution) [25], suggesting a
possible measure of community inequality.

Social mediacontent can improve ways of understanding health
needs. Online reviews on Yelp or other sites could also serve
as the basis of aternative measures of satisfaction with health
providers and utilization of certain types of care (eg,
complementary or aternative medicine). For example, text
analysis of patient surveys have identified simple keywords,
such as “excellent” or "rude,” that are associated with better or
worse patient experience, respectively [26]. The extent towhich
social media sheds light on patient experience depends on the
purpose of that social media platform. Sentiment analysis of a
Web-based doctor review site (RateMDs) was used to model
state-level health quality statistics (eg, mortality rates, patient
likelihood to seek follow-up care) [27]. In contrast, a study of
tweets directed at specific hospitals showed no association
between sentiment expressed in those tweets and traditional
survey measures of quality of care in the hospitals [28]. This
difference may be due to the fact that people writing on review
sites may be motivated to provide more accurate and specific
accounts of their experiences, whereas people directing
comments toward health care providers may subtly alter their
speech, whether it is conscious or not.
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Advances in image and video recognition hold promise to
capture insight from photos and videos, an ever-increasing
portion of social media content. Photos and videos can show
when people engage in physical activity, go outdoors, or other
health behaviors. For instance, food photos, which are
commonly shared, may reveal information about diet. Similarly,
photos of red cups commonly used at parties could indicate
problematic drinking in college students [29]. Moreover, such
alcohol displays could influence others' attitudes and perceived
norms about drinking behavior. With this more-granular picture,
interventions could efficiently target influential individuals or
groups to modify health behaviors and advance change in the
cultural expectations around health and well-being.

Existing measures of subjectivewell-being also commonly rely
on self-reported data. Complementing or replacing self-reported
information with naturally occurring text or behavioral measures
could improve the measurement of subjective well-being by
removing certain biases (at the sametime, of course, potentially
introducing others). Multiple types of analyses of social media
content and structure could be used for various aspects of
well-being; for instance, the City of Santa Monica's Wellbeing
Index analyzed Twitter text, embedded Web links, and social
networks to collect sentiment and location information [30].
Perhaps the simplest would be to rely on straightforward
sentiment analysis. Large-scale data on positive or negative
emotions could be used to measure “happiness’ (a component
of overal well-being), drilled down to observe local or
nongeographically-based communities, and validated against
existing efforts to measure community happiness using
traditional surveys (eg, Bhutan Happiness Index, Gross National
Happiness, Organisation for Economic Co-operation and
Development Better Life Index).

Importantly, some social media-based indicators have been
linked to well-being outcomes. For instance, linguistic analysis
of social media text usage of first person plural pronouns (eg,
“we” “us,” “our”) suggests greater sense of community or group
cohesion. Thisindicator has been linked to increased well-being;
according to Schwartz and colleagues (2013): “ The use of plural
personal pronouns such as ‘we’ and ‘our,” which we take to be
proxies for a communal, prosocial orientation are highly
correlated with the presence of LS (life satisfaction), whereas
‘I and ‘my’ are highly correlated with itsabsence.” Ananalysis
of sentiment expressed in tweets sent in various London
communities found a positive relationship between sentiment
and a community’s socioeconomic well-being [31].

” o

Care must be taken when drawing conclusions from what is
said and shared over socia media. Because social media such
as tweets, Facebook posts, or Instagram photos contain
information that people actively choose to share, they can
provide arich source of insight toward understanding attitudes
and opinions. However, the data from this content are limited
to the extent that peopl e choose to present themselvesin certain
light, selectively and perhaps unconsciously adding or omitting
certain content; for instance, social media information about
underlying health status may depend on whether people are
more likely to post about salient health issues, or health
expectations that may differ by individuals. When linking to
health outcomes, analyses of social media content should thus
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consider the context in which those words are used, rather than
strictly basing conclusions on simple keyword usage [32].
Finally, the presence of duplicate, commercial, or spam accounts
suggeststhat not all social mediacontent is posted by individuals
and therefore may not reflect health-relevant information.
Although such content may not directly reflect individuals
health attitudes or behaviors, it may be relevant nonetheless,
for example, tracking youth exposure to unhealthy Web-based
advertising.

Network Analysis

Social media usersforge both implicit and explicit connections
that can help understand health interdependence, that is, the
extent to which people believe their health is dependent on that
of their friends or family. Network analysis of socia networking
platforms can help track how and whether people believe their
health can influence, and be influenced by, others with whom
they have socia relationships. Social media ties can be either
two-way (eg, Facebook friends, reciprocal Twitter mentions)
or one-way (eg, Twitter follower; Facebook or Instagram likes)
relationships. These directed rel ationships could hel p determine
causality of associations between Web-based behaviors or
suggest the directionality in which attitudes and beliefs spread.

Network analysis may be used to examine multiple aspects of
socia relationships, such as identifying influential people,
characterizing specific communities, and the flow of
information. Social media and other forms of Web-based data
may also afford opportunities to analyze the implicit networks
generated by participant interactions. These include, first,
increased participation in the so-called “sharing-" or “gig-"
economy, that is, technology-enabled service companies that
facilitate exchanges between users (eg, Airbnb, Uber,
TaskRabbit). Certain sharing economy platforms may be
particularly amenable to this, such as home-sharing sites for
travel (Airbnb, Couchsurfing) that encourage its users to meet
and share experiences. One approach may be to explore
partnerships with the online service companies themselves.
Airbnb, for instance, actively participatesin public policy issues
and encourages community as part of its business, for instance,
using its datato measure perceived trust and sense of community
in cities[33].

Network analysis of social media may also offer new ways to
track the existence and quality of cross-sector collaborations
and partnerships among health organizations. Social media
metadata of connections, such as Twitter mentions and
followers, Facebook friends, or LinkedIn connections, can revea
structure and networks of organizational partnerships. These
networks can be compared against health outcomes to show
where partnerships are effective in improving well-being and
also identify areas where new partnerships and collaborations
would be fruitful. Network data on organizational partnerships
may also exploreintegration of traditional community resources
and hedlth providers (eg, hospitals) with nontraditional
community resources that can also influence health. Given the
widerange of social mediaacrosstopicsand uses, social media
data may aso help examine how nonhealth stakeholders can
play arolein improving health and well-being. For example,
measuring stakeholder support for health promotion could
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involve tracking social mediamentions of health and well-being
within a specific domain. This could involve either the
communications from key organizations or other stakeholders
in these sectors, aswell as mentions of their support from other
social mediausers. Thiscould involveinsight about support for
workplace wellness programs, a community’s attitudes and
perceptions of policing efforts, or measures could track online
exposure to healthy or unhealthy content (eg, advertising for
unhealthy food, alcohal).

Finaly, network methods may be employed not only to
characterize interpersonal connections, such as among social
media users, but as a way to analyze social media content.
Semantic network analysis can be used to identify the
co-occurrence and relationships among words. This may be
useful in determining what broader linguistic patterns and
concept mappings reveal about implicit health attitudes, such
as whether people think of poor health as an individual
responsibility or asocietal failure.

Machine L earning and Algorithms

Too much data can be asmuch of aproblem asinsufficient data.
When data volumes are overwhelming, it may beimpossible to
determine relevant data attributes and appropriate metrics. For
instance, policy makers who wish to use social media data to
learn about a community must first select a socia media
platform (eg, Twitter vs Facebook) and then determine whether
to use tweet-content information, network metadata, |ocation,
images, video, or other attributes. Large amounts of data may
also makeit difficult or even impossibleto recognize important
patternsin the data, that is, to locate the signal within the noise.
And as with any human endeavors, decision makers may
unwittingly incorporatetheir own cognitive biasesin interpreting
the data.

Data science techniques such as sentiment analysis and machine
learning can help make sense of large amounts of information
(eg, combining multiple data sets) to support various forms of
decision making. Sentiment analysis is a form of natural
language processing that seeksto identify attitudes and emotions
that are expressed in the text of, for example, social media
postings. Research on Twitter data suggests that sentiment (as
indicated by word use) in tweets can be used to model life
satisfaction [7], happiness [6], and heart disease mortality [10]
and health. Sentiment revealed in social media data can also
help predict engagement in healthy behaviors, such as health
insurance enrollment [8].

A well-known exampl e in applying machine learning techniques
for health predictions is Google Flu Trends. Google searches
for flu and health-related terms, compared with data of
flu-related doctor visits, appeared to provide early detection of
influenza outbreaks, as compared with Centers for Disease
Control and Prevention’s existing model based on traditional
data collection through the public health system [9]. Subsequent
research has provided further evidence of the predictive power
made possible by combining Google and Centers for Disease
Control and Prevention data [34]. The Google Flu Trends
example illustrates the potential value from aggregating this
kind of preexisting data, and how these approaches may
complement existing public health methods. However, there

http://www.jmir.org/2018/3/e94/

Yeung

have been debates over the true predictive power and usefulness
of using search data for public health surveillance. Suggesting
caution in the use of such data, one analysis suggested that the
predictive power of Google Flu Trends's model was
significantly overstated [35] but could be useful in conjunction
with other flu-tracking data.

Machine learning algorithms attempt to automatically classify
or categorize data, such as identifying topics of discussion or
objectsinimages. These agorithms could be used for predictive
analytics that support clinical decision making, to determine
pricing based on patient or community outcome data, or to
contribute to personalized medicine. Social media data may
also contribute to predictive analytics that aid in public health
responses or planning. For instance, Yelp reviews and Twitter
(see the Foodborne Chicago example) have been used to predict
foodborne illness outbreaks [36-38]. Building this type of
capacity could allow public health agencies to respond more
quickly to unfolding public health incidents, preventing them
from becoming full-blown crises. The Chicago Department of
Health, which runs the Foodborne Chicago website, provides
an example of an early warning system that allows people to
report possible cases, and analyzes tweets for reports of food
poisoning. Model swith sufficient precision or specificity could
even suggest imminent outbreaks, allowing authorities to
respond proactively to prevent the occurrence of such incidents.

Research into Web-based indicators of trauma is common in
several other fields and may be borrowed for the health-trauma
context. Traumatic life events or other extremely negative
experiences that occur in early childhood may be difficult to
measure, either because of underreporting dueto stigmaor lack
of ongoing measures (eg, questions about adverse childhood
experiences are no longer asked as part of the Behavioral Risk
Factor Surveillance System survey). As an example, a vast
number of photos are shared online. Image recognition software
is already employed to detect and flag traumatic events. For
instance, Facebook flags what it considers questionable or
inappropriate content (eg, bullying or child pornography), as
well as indications of harm (eg, suicide risk) [39]. Tweets
containing content indicative of suicide risk factors are
correlated with actual suicide rates[40]. Thesetechniquescould
be repurposed to detect instances of child abuse, sexual assault,
or other adverse childhood events.

Although it may be tempting to assume that machine learning
and algorithmic techniques offer impartial and equitable analyses
of large volumes of data, bias nevertheless cregps into
algorithms as well. This bias can involve either invalid
assumptions made by those developing the algorithms, or
skewed data upon which the algorithms are trained and then
applied. Socia media measures that do not account for
algorithmic biases as well as skewed social media usage may
thusinadvertently exclude or underrepresent certain popul ation
segments (eg, poor, rural) from policy making consideration.
The example of Street Bump illustrates how well-intended uses
of new data sources for forward-looking, informed policy
decision making could have caused inadvertent harm to certain
segments of the population. The City of Boston introduced a
mobile phone app, Street Bump, which allowed usersto report
potholes they encountered. Unexpectedly, more potholes were
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reported in wealthier areas than in poorer areas. Maobile phone
users were presumably more affluent and also tended to drive
in affluent areas. Therefore, a simple algorithm that merely
allocated resources according to these results would have
deepened existing inequities by widening the gap in
transportation infrastructure. Poor-quality transportation
infrastructure could in turn hinder emergency responders, limit
accessto preventive health care, or discourage socid interactions
and community cohesion. In contrast, high-quality transportation
infrastructure could increase access for emergency response or
preventive health care, encourage social interaction, and in doing
so, potentially shrink equity gaps. Informed uses of such data
should therefore consider how and whether methods of either
data collection or analysis are representative of the populations
being served, and what the potential impact on those populations
may be.

Considerations for Future Social Media
Analysis

Asillustrated above, social mediaand other emerging data have
the potential to contribute broadly to policiesfocused on health
and well-being, aswell asinform how social and cultural change
may be underway around theimportance of these issues. Policy
actions intended to improve well-being must act through
multiple channels, including improving communities we live
in, services we use, and our attitudes toward health and
well-being. Achieving a healthier future will require
forward-looking methodsto draw policy insight from emerging
data sources, build cross-sector partnerships, and take full
advantage of technological innovation. To bring this vision to
reality, health and well-being policy interventions may benefit
from the continued use of social media analytics, which can
serve as an important complement to traditional social science
data collection and analysis. Although researchers and some
communities and policy makers have taken note of social
media’s utility, its potential is yet to be fully realized. At the
same time, traditional sources of survey or administrative data
have significant limitations where quantifiable, behavioral data
sources such as social media, mobile devices, or other digital
outputs can fill gaps. Efforts to improve quality of life should
provide an opportunity to explore these areas, and encourage
those conducting national and local data collection efforts to
incorporate more of these emerging data sources. To illustrate,
the Culture of Health Action Framework includes a measure of
health-related discourse, based on Twitter data[41]. In addition,
several measures of well-being and health equity use
national-level survey or administrative data, which social media
data could complement. For example, chronic disease burden
is currently measured using disability-adjusted life years, a
metric that is calculated using a variety of data sources [42].
Disease monitoring from social media data could be employed
to provide amore granular picture, such astrends over time, or
revealing social networks that may experience greater burden
of specific chronic diseases.

Other Web-based data sources may be useful to complement
information drawn from social media. Web searches and other
information-seeking behaviors offer additional insight into
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people's concerns. In the 2014 contaminated-water crisis in
Flint, Michigan, residents began searching for information about
contaminated water and, as hews coverage continued, broadened
their searches to explore potential health impact [43]. Web
search activity for health information and resources could be
used to measure health attitudes in different communities.
Accordingly, search data can be aggregated and then compared
with other health data (eg, traditional health surveys or
estimates) to build predictive models of large-scale,
population-level health and heath behaviors. For instance,
cancer-related searches are associated with American Cancer
Society estimates of cancer incidence and mortality [44].

Going forward, the value of social media data to guide policy
making may rest on the ability to continually shape analysesto
match the ever-shifting data sources and platforms. In other
words, as the nature of social mediaitself changes, analysis of
social media will need to continually evolve. Many important
sources of data may not yet exist. Therefore, while analyzing
social media data offers many advantages, severa key
implications should also be considered.

Limitations

Thediversity of social mediadata sourcesand analytic methods
suggeststhe need to ensure their validity: that social mediadata
reflect real-world outcomes. Questions remain, for instance,
about how to properly interpret what is shared online. What
people choose to share may constitute aform of self-presentation
or performance to a specific audience, rather than convey their
true feelings [45]. Other data validity concerns relate to the
commercial nature of socia media. Profit-driven incentives
may lead social media platforms to highlight certain types of
sharing, or Internet service providersto prioritize certain types
of Web traffic (ie, “net neutrality”).

To overcome such limitations of socia media data, there is a
need for validation research. Validation of data and methods
may include determining whether measures based on social
media data track with other, more traditional measures of the
same concept (eg, surveys of attitudes, public health disease
monitoring). Another way to validate socia media data may
seek to relate it directly to real-world behaviors (eg, civic
participation, health provider visits, insurance enrollment,
organizational partnerships). For instance, one intriguing study
showed that Google searches for mental health information
follow consistent seasonal patterns, uncovering a potentially
useful finding, but one which the authors noted would have to
be validated against clinical or other surveillance data [46].
Although other social mediaresearch hastried to establish these
relationships, much of thiswork is specific to adata source such
as Twitter [47] or Google searches [48]. Establishing broad
validity across social media platforms or analytic techniques
could help move social mediafrom research to action. Building
awareness of and trust in emerging data sources increase the
likelihood that they will be used to inform health policy making.
Alternately, policy makers may need to accept trade-offs in
using social media analytics with low validity for exploratory
purposes or in surveillance and monitoring, but not necessarily
when accuracy is critical, such as equitably allocating public
resources.
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The extent to which social media data are representative of
either the general population or specific subpopulations suggests
another important consideration. Care must be taken so that
actions informed by nonrepresentative data do not exacerbate
existing inequities by affording certain groups fewer
opportunitiesto be heard, in effect, writing some people out of
future narratives and resulting actions. For instance, compared
with the general population, social mediauserstend to beyoung,
educated, wealthy, and living in cities [49]. Ownership of mobile
devices, from which social media content is frequently posted
and accessed, is widespread but also limited to those who can
afford them. Peoplein certain geographic regions may be more
likely to use particular social media platforms; for instance,
homegrown services such as Weibo and WeChat are primarily
used in Asia. Social media measures that do not account for
these skewed demographics may thus inadvertently exclude or
underrepresent certain population segments (eg, poor, rural)
from analyses based on which data source or analysis method
is chosen. This could significantly harm those populations if,
for instance, public health resources are misall ocated away from
thosein need, or public health interventionsineffectively target
health conditions.

However, the demographics of social media users may also
offer thetantalizing possihility of reaching popul ation segments
that may have been difficult to reach by traditional means of
data collection [50]. For instance, samples of Twitter users may
disproportionately contain individuals such as African
Americans, highly educated and high-income people, and
younger and urban-dwelling people [51,48]. Therefore, socia
media may represent a new opportunity to fully capture the
voices and civic engagement of those who may have been
marginalized in civic decision making. Future policy measures
should seek to advance these important uses for social media
and other emerging data.

Finally, one of the most widely discussed implications of social
media, “big data,” and other datasourcesisthe potential impact
on privacy. For instance, social media users typically do not
explicitly provide consent for how their content is eventually
used, unlike with traditional data collection (eg, interviews,
surveys). Another consideration is that health data, like most
other forms of digital data, are most commonly shared on
platforms owned by private companies, which may then share
that data with other entities [52]. Although individuals may
assume that data shared anonymously remains as such, in fact
it may be shared widely and even reidentified to infer individual
identities or identify sensitive health characteristics. These
privacy considerations merit further discussion to determine
how to balance public good as well as benefits to individual
users against these potential invasions of privacy.

Moving From Research to Action: Social Media for
Policy Actions and Social Change to Advance Health
and Well-Being

Social mediadatacan form the basis of policy indicators across
multiple health domains. Exploring Web-based discussion of
health promotion, for instance, should provideinsight into public
opinion about health, and can be expected to track broad trends
in attitudes and norms about health and inform interventionsto
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shift them. Emerging social media tools and platforms could
be used to characterize aspects of well-being that are not
currently tracked broadly, but for which a substantial amount
of research is available on how to define and measure them,
such as social isolation and perceived loneliness, bel ongingness,
toxic stress, and spirituality.

By now, thereisalarge and diverse body of research suggesting
how to extract public health insight from social media data.
Translating this knowledge into practice could begin by using
social mediadata and analytic methods to complement existing
policy dataand practice, or by helping to establish relationships
among diverse stakeholders who could work across sectors to
advance health and well-being. First, aninitial step toward using
social mediadatain practice (eg, research, policy making) could
be as a complement to more-traditional data sources that are
already in use. Much of the research described in this article
has compared information gleaned from social media against
that of existing data, or has sought to use social media data as
away to model real-world outcomes, such as health behaviors,
social connections, or spread of disease. Decision makers in
either the private or public sectors could mine these techniques
and topicsto determine whether they may be applicablefor their
needs. Social media data can also be used to provide
complementary evidence or analysisto support human decision
making, such asindividual decision making about health choices
or civic decison making about resource allocation and
investment strategy. Combining social media and other digital
data may also help identify and suggest collaborations or
partnerships that yield improved health outcomes. Possible
constraints, however, include whether organizations would be
willing to share sensitive or proprietary information. Analytic
techniques, such as from Fiscalnote, a firm that tracks and
attempts to predict legislation, could be used to help identify
potential actions or policies to support cross-sector
collaborations.

Second, given the commercial nature of most social mediadata,
working with these data can produce fruitful cross-sector
partnerships. A collaboration between Yelp, an online review
site, and ProPublica is a good illustration of the potential for
how public and private sectors can work together to provide
consumers with useful health information over social media
Yelp also partnered with the cities of San Francisco and New
York, with support from the White House, to provide city data
of restaurant hygiene scores on Yelp business pages [53]. Part
of thiswork included creating an open data standard that would
allow other interested cities to do the same.

As social media analysis becomes more established in policy
making, it will be crucial to ensure datareliability and validity.
For example, devel oping standardized metrics could hel p assess
effectiveness of policiesbased on social mediadataand compare
policy initiatives, thusfacilitating transl ation of knowledge (eg,
infodemiology) into practice [11]. Efforts to improve data
reliability could also benefit from using techniquesto distinguish
between insightful content generated by human socia media
users and automated posts from bots [15].

Future efforts should also carefully consider how to preserve
civil liberties, such as whether machine-learning agorithms
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introduce inadvertent biases, and how to deal with privacy
concerns, such as how health information or personally
identifiable information may be used. Asdescribed earlier, this
is particularly important because a great deal of online health
information is held by private corporations [52]. Libert also
points out the possibility that people are treated differently or
discriminated against on the basis of perceived health
information about them, whether or not it is accurate. The
implications of how these dataare used, either by the companies
who hold it or to whom they provide it, warrant further
consideration. For instance, what are the conditions under which
private corporations will provide or allow access to these data?
Should policy makers seek to incentivize partnerships or to
prevent issues inherent in-data mining, such as inadvertent
discrimination or privacy invasions? Similar privacy concerns
also arisein the context of how governments may chooseto use
health-related insights generated from social mediadata. Access

Yeung

to vast amounts of social mediadata could inform policy making
to improve health and well-being but could also be misused in
ways that undermine health privacy and confidentiality.

In summary, a number of potential approaches could improve
the accessibility and utility of social mediain policy making.
Given that much of these data are held commercially, the vast
market opportunities that companies continue to envision with
digital health data, as well as increased corporate interest in
well-being and socia impact, opportunities should exist to
partner broadly with stakeholders across a range of sectors.
Accordingly, increased global interest in well-being
measurement for policy making affords additional opportunities
to collaborate and build data analysis capabilities. Taken
together, social media and other emerging data sources provide
multiple avenues to help track and motivate wide-ranging and
truly inclusive policy action to improve health and well-being
for all.
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Abstract

Background: Electronic health (eHealth) solutions are considered to relieve current and future pressure on the sustainability
of primary health care systems. However, evidence of the effectiveness of eHealth in daily practice is missing. Furthermore,
eHealth solutions are often not implemented structurally after a pilot phase, even if successful during this phase. Although many
studies on barriers and facilitators were published in recent years, eHealth implementation still progresses only slowly. To further
unravel the slow implementation process in primary health care and accel erate the implementation of eHealth, a 3-year Living
Lab project was set up. Inthe Living Lab, called eLabEL, patients, health care professionals, small- and medium-sized enterprises
(SMEs), and research institutes collaborated to select and integrate fully mature eHealth technologies for implementation in
primary health care. Seven primary health care centers, 10 SMEs, and 4 research institutes participated.

Objective: This viewpoint paper aims to show the process of adoption of eHealth in primary care from the perspective of
different stakeholdersin a qualitative way. We provide areal-world view on how such a process occurs, including successes and
failures related to the different perspectives.

Methods: Reflective and process-based notes from all meetings of the project partners, interview data, and data of focus groups
were analyzed systematically using four theoretical models to study the adoption of eHealth in primary care.

Results: Theresults showed that |arge-scal eimplementation of eHealth depends on the efforts of and interaction and collaboration
among 4 groups of stakeholders: patients, health care professionals, SMEs, and those responsible for health care policy (health
care insurers and policy makers). These stakeholders are all acting within their own contexts and with their own values and
expectations. We experienced that patients reported expected benefits regarding the use of eHealth for self-management purposes,
and health care professionals stressed the potential benefits of eHealth and were interested in using eHealth to distinguish
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themselves from other care organizations. In addition, eHealth entrepreneurs val ued the collaboration among SMEs as they were
not big enough to enter the health care market on their own and valued the collaboration with research institutes. Furthermore,
health care insurers and policy makers shared the ambition and need for the development and implementation of an integrated
eHealth infrastructure.

Conclusions: For optimal and sustainable use of eHealth, patients should be actively involved, primary health care professionals
need to be reinforced in their management, entrepreneurs should work closely with health care professionals and patients, and
the government needs to focus on new health care models stimulating innovations. Only when all these parties act together,

starting in local communities with a small range of eHealth tools, the potential of eHealth will be enforced.

(J Med Internet Res 2018;20(3):€83) doi:10.2196/jmir.9110

KEYWORDS

telemedicine; primary health care; implementation; patient involvement; entrepreneurship; health personnel; policy makers

Introduction

Needsfor Real-World View on eHealth Adoption

Electronic health (eHealth) solutions are expected to empower
patients and maintain or improve heath outcomes, while
generating cost-effective gains and lowering primary health
care professionals’ workload [1,2]. However, it appears to be
difficult to embed them in daily health care routines [3]. Often,
use of eHealth services stops when research projects are
finished, even when successful. Moreover, there is still
uncertainty about their effectiveness in daily practice [2,4,5].
Therefore, the successrate to date of eHealth in primary health
care is low [6]. Current evidence on eHealth and care
technologies is mainly based on clinical trials and isolated
eHealth applications. Van Gemert-Pijnen et a (2011) suggest
that evaluations should not focus exclusively on measuring
outcome variables (viarandomized controlled trial s) but should
also include in-depth process data concerning the usage of
eHedth [7].

It is suggested that successful implementation of eHealth asks
for a complex innovation approach [6]. Numerous factors are
related to its success, including characteristics of the end users,
the function and usability of the intervention, the technical
infrastructure, change management of health care organizations,
the health care system, and financial business models[2,4,6,7].
It can be stated that 4 groups of stakeholders are responsible
for a successful implementation of eHealth solutions: patients,
health care professionals, entrepreneurs, and those responsible
for health care policy (policy makers and health care insurers)
[8]. Eysenbach (2001) stated in 2001 that eHealth isan emerging
field at the intersection of medical informatics, public health,
and businesses [9]. However, literature combining the views of
these different fields and describing their challenges
systematically is scarce.

With this paper, we aim to fill this gap and will describe the
challenges that arose when patients, health care professionals,
and entrepreneurs collaborated in aLiving Lab setting to select,
integrate, implement, and evaluate eHealth in primary health
care. Hereby, our aim is not to test the relationships and
interactions between different factors and stakehol ders. Rather,
we aim to show, in a qualitative way, the process of adoption
of eHealth in primary care from the perspective of different
stakeholders. This provides a real-world view on how such a

http://www.jmir.org/2018/3/e83/

process occurs, including successes and failures related to the
different perspectives. Our paper serves as an illustration that
underlinestheimportance of including all 4 stakeholders, having
a shared vision statement, and enabling all partners to invest
time or money, as only then can the expected potential of
eHealth solutions be reached. After providing the rationale for
our Living Lab project and a short description of our methods,
we reflect upon our findings in 4 sections—patients as
stakeholders; health care professionals as stakeholders;
entrepreneurs as stakeholders; and health care insurers and
policy makers as stakeholders. On the basis of these findings,
we have been able to develop lessons learned, which seem to
be important in positively shaping the outcome of eHealth
implementation and adoption in future primary health care.

Rationalefor theLiving Lab Project “elLabEL”

In 2012-2013, when writing the grant proposal for the eLabEL
project, it was already known that much of the eHealth
technology being devel oped did not reach primary care practice
because of a suboptimal fit between the needs in primary care
and thetechnical solutions[10]. Simultaneously, therewasvery
little knowledge about what it takes to bring such technologies
into practice.

With eLabEL, we aimed to contribute to this knowledge, and
to bridge technology and implementation. We believed, and
still believe, that incorporating eHealth into daily practice is
essential for optimal effects on quality and efficiency of health
care. In other words, traditional health care should change to
“technol ogy-supported health care.” For such achange, not only
a technological innovation but also a societal innovation is
essential. Furthermore, according to Van Vel sen and colleagues
(2013), amultidisciplinary devel opment approach is necessary
[11]. Van Gemert-Pijnen et a (2011) stated that relevant
stakeholders should collaborate, and research should consist of
gualitative and quantitative elements [7].

From this perspective, we, as researchers, started the el abEL
project in 2013, together with entrepreneurs, patients, and health
care professionals. eL abEL was aimed at establishing aLiving
Lab in which patients, health care professionals, entrepreneurs,
and researchers could collaborate during the selection,
integration, implementation, and evaluation of mature
eHealth-tools in primary health care [12]. According to the
European Network of Living Labs, we defined aLiving Lab as
a user-centered, open innovation ecosystem based on a
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systematic user cocreation approach, integrating research and used by all patients in the practice and (2) eHealth for
innovation processesin real-lifecommunitiesand settings[13].  self-management purposes for those with a chronic somatic
condition. Textbox 1 provides a description of the el abEL
project, and Table 1 provides a description of the characteristics
of the participating primary health care centers.

In this project, the focus was on two types of mature eHealth
technologies: (1) online communication services which can be

Textbox 1. The eLabEL project asillustration.

The eLabEL project was conducted from September 2013 until December 2016 in the Netherlands. We aimed at the establishment of Dutch Living
Labs in which integrated eHealth applications would become part of regular health care. Concurrently, we aimed to study the consequences of the
integration of eHealth applicationsin primary care, aswell as technical barriers and facilitators.

Seven primary health care centers participated in eLabEL. These were recruited via the network of the participating research partners or positively
responded to the recruitment call that was published in a press release and at the project’s website. In these centers, at least one general practitioner,
physical therapist, practice nurse, and nurse assistant provided health care to the community. Participating practices varied in type of organization,
experiences with eHealth, patients’ characteristics, and region. Characteristics of these health care centers can be found in Table 1.

Patients of these primary health care centerswere also invited to participate. Ten enterprises participated in the Living Labs. These were mainly small-
and medium-sized enterprises (SMEs) and offered different eHealth applications or services, varying from videoconferencing and online coaches for
patients with chronic diseases to activity sensors and data warehousing. These SMEs were recruited via the network of the participating research
partners. Some of them already participated in prior research projects. Also 4 research ingtitutes, collaborating in the Centre for Care Technology
Research, participated. These profit and nonprofit organizations collaborated to select and integrate mature eHealth technol ogies for implementation
in primary care. One or two members of each research institute coordinated the project.

In the Living Lab patients, health care professionals, entrepreneurs, and researchers were invited to have close contact with each other during the
whole project. In practice, the following activities took place:

. At the start of the project, needs and expectations of patients and health care professionals were inventoried via focus groups and interviews.
These needs were linked to existing eHealth applications developed by the SMEs.

«  Regular group sessions were held with the SMEs in which they discussed integrating technology and explored a viable business model.
«  Two group sessions were held with health care professionals from all participating centers.

«  Two group sessions were held with health care professionals and entrepreneurs.

«  Regular meetings were held with the individual practices.

«  Meetings were held with policy makers and health care insurers.

Thefinal eLabEL package exists of the following eHealth applications:
« A sarviceto provide online video consultations

« Anonline self-management coach for people with chronic obstructive pulmonary disease (COPD), which supportsthem into ahealthier lifestyle,
monitors their health status, and signals decline of health status

« Anonlinecoach for patients under treatment by the physiotherapist to support them in doing exercises at home by giving online training schemes
and videos

«  Anapplication devel oped to coordinate multidisciplinary care around apatient. In thisapplication, patientswere ableto add health care professionals,
family, or other caregivers and those persons could read and share information

These applications were integrated in one infrastructure with single sign on for patients.

Table 1. Characteristics of the participating primary health care centers. Ca: circa

Number Organization Number of patients (2013) Region of the Netherlands Remarks
1 Health care center Ca 13,000 Mid
2 Health care center Ca 8000 South Located in deprived urban area
3 General practice Ca 3500 South
4 Health care center Ca5000 West Located in deprived urban area
5 General practice Ca5500 North Patients mainly students
6 Health care center Ca 14,500 Mid
7 General practice Ca 6500 North
http://www.jmir.org/2018/3/e83/ JMed Internet Res 2018 | val. 20 | iss. 3 |e83 | p.29

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Methods

A qualitative design was used to study the processes of adoption
of eHealth in our project. We systematically analyzed all
reflective and process-based notes from meetings with health
care professionals, the scientific project members, members of
the management team of the Centre for Care Technology
research, members of societal organizations, health careinsurers,
and enterprises. Furthermore, data from interviews and focus
groups on the needs and expectations of health care professionals
and patientswereincluded in the analyses, aswell asinterviews
on adoption and implementation of eHealth.

In total, 30 patients with a chronic disease, that is, diabetes,
chronic obstructive pulmonary disease (COPD), or a
cardiovascular condition, participated in 5 semistructured focus
group interviews in the first year of the project. Those patients
were recruited in 4 primary care centers by the health care
professional. Mean age was 68 years and 73% (22/30) were
male. In these focus groups, the following themes were
discussed: (1) the impact of the chronic disease on patients
daily life, (2) their opinions and needs regarding
self-management, and (3) their expectations and needs regarding,
and willingnessto use, eHealth for self-management purposes.
See Huygenset a (2016) for a detailed description of the focus
group method [14]. In addition, 30 health care professionals (9
genera practitioners, 8 physical therapists, 8 nurse practitioners,
and 5 supporting staff members from the eLabEL practices)
were interviewed in the first months of the project. Themes
discussed in these semistructured interviews were (1) the
centers technical infrastructure, (2) positive and negative
work-related experiences with information technology, and (3)
future expectations and needs of eHealth. See Oude
Nijeweme-d'Hollosy et al (2015) for a detailed description of
the interview method [15]. Eight care managers from the
el abEL -practiceswereinterviewed in 2016. Intheseinterviews,
the expected facilitating and inhibiting factors for adoption and
implementation of the eHealth tools were discussed.

For the analyses, we used a coding scheme based on four
theoreticall models to initially structure our findings.
Wagemakers' model (2010) focuses on collaboration among
multidisciplinary organizations in health care [16]. Nystrom's
model (2014) was used because of its focus on different role
approaches within a collaboration [17]. The model of Geels
(2002) describes new technologies as arising and maturing
within existing technology systems [18]. Fleuren et al (2004)
state that the success rate of an innovation is dependent on the
level of the innovation itself, end users, organization, and the
social-political context [19]. All elements in these models are
included in the coding scheme. More information about these
theoretical models can be found in Multimedia Appendix 1.

To shed light on the process of implementation, we performed
a qualitative summative process evaluation, in which analyses
were performed 21 months after the start of the project and at
the end of it. At 21 months after the start, documents were
allocated among some of the authors (IS, MH, WH, LV, JV,
MS, and Y J). Each set of documentswas coded using the coding
scheme and then thematically summarized by the author. Each
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summary was then checked by 1 researcher of another research
institute. At the end, for pragmatic reasons, 1 researcher (MH)
coded and summarized the last set of documents, and 4
researchers checked the summary (1S, WH, LV, and MS). A
summary of the findings of both rounds of analyses was shared
with the SMEs and heath care professionals for their
confirmation (member check procedure). Furthermore, Y J has
observed the project as action researcher. On the basis of these
procedures, the findings were used to describe the process of
implementation from the perspectives of the identified
stakeholders.

Results

Patients

Envisaged Rolein eLabEL

el abEL aimed at a user-centred design. Patients were intended
to be actively involved in the selection and implementation of
eHealth solutions. With actively involved, we mean that their
input is collected and used from the start (selection phase) to
the end (implementation). This way, we expected to stimulate
the use of eHealth by patients. However, active patient
involvement was only achieved to a minor extent. In addition,
we found that patient involvement does not always guarantee
usage of specific eHealth technol ogies on abroad scale because
not every patient scems willing to use eHealth.

Patient | nvolvement in Research

Thefirst way to involve patientswas by organizing focus groups
to investigate their expectations and needs regarding eHealth.
Patients had to be recruited by health care professionals to
participate in these group interviews. However, it was difficult
for them to encourage patients to participate. According to the
health care professionals, one of the main reasons was that
patients were tired of participating in research. Therefore,
organizing patient i nvol vement was more time-consuming than
expected. In addition to the focus group interviews, we
attempted to set up a patient panel for the active involvement
of patients during the entire project. However, this resulted in
only a few positive responses. We were more hesitant to
encourage health care professionalsto recruit more patientsfor
this panel, as the first study aready required significant effort.
Furthermore, throughout the project, actively involving patients
to incorporate the patient perspective in the project became of
secondary importance. Thefocus of eLabEL shifted toward the
development of an integrated eHealth structure and the
investigation of barriers for its slow development and
implementation. As a result, health care professionals did not
offer it to their patients.

Willingness to Use eHealth Differs Between Patients

Despite the difficulties in involving patients, we did organize
5 focus groups with patients with a chronic condition. Detailed
results from these focus groups about self-management and use
of eHedlth are published by Huygens et a [14]. Briefly, it
showed that patients reported expected benefits regarding the
use of eHealth for self-management purposes. For example, a
patient with diabetes reported:
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If you can monitor automatically, you get customised
caremore quickly. Currently, you' regoing to the care
practice 4 times a year, and in the period in between
you stay at the same value [of insulin], while you
maybe should have changed it in the meantime, but
you didn’t know that. [Focus groups, patient with
diabetes)

However, many patients also did not feel a need to use eHealth
for self-management purposes. It seemed that the perceived
benefits of using eHeath should outweigh the negative
consequences of frequently having to take action to deal with
the disease, which reminds patients about having a disease. A
patient with a cardiovascular condition that had little impact on
his daily life mentioned the following:

The disadvantage is that I'm feeling more like a
patient [ because of frequent monitoring] : man suffers
most from the suffering he fears. [Focus groups,
patient with a cardiovascular condition]

Health Care Professionals

Envisaged Role in eLabEL

The role of the health care professionals was to actively
participate in the Living Lab settings. They were expected to
provide input regarding their own needs and requirements
regarding eHealth and itsimplementation. In addition, they had
to use the applications in their daily care processes and
encourage and support their patients to use them. Our intention
was that health care professionals would implement and use
eHealth without the help of the research team. However, we
found that the organization of primary health care was
inadequate and not sufficiently equipped for doing so as we
explain in the upcoming section.

Health Care Professionals See Potential in eHealth

The participating health care professional s stressed the potential
benefits of eHedth. Professionals identified the rising
devel opment of eHealth technol ogies, the emergence of different
eHealthinitiatives, and their opportunitiesfor better health care.
In addition, care professional sindicated that they wereinterested
in using eHealth to distinguish themselves from other care
organizations. Providing extramural care, monitoring patients
at adistance, empowering and supporting self-management of
patients, providing more intensive care in less time, providing
care during out-of-office hours, and increasing the quality of
care, were frequently mentioned anticipated benefits of eHealth.
Health care professionals believed that by using eHealth for
people with mild conditions, they could save time and provide
extratime to those with more severe conditions.

Support for Incorporating eHealth in Daily Practice

After deciding which eHealth technologies they wanted to use,
it was not just a matter of connecting the technology. We
experienced many difficultiesin theimplementation of eHealth
in the care practices. First, health care professionals needed
support for eHealth usage, including clear instruction material,
ahelpdesk, and, most importantly, timeto gain experience with
eHealth, as they had not worked with the selected eHealth
applications previoudy. In addition, for health care professionals
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it was unclear how eHealth could be successfully integrated
into their daily work. Workflow, responsibilities, and roles
needed to change, and they did not know how to approach this.
Moreover, eHealth was not integrated into the el ectronic medical
records or protocols. This made it difficult for the health care
professionals to imagine how to integrate eHealth into their
daily care processes. Furthermore, health care professionals
expected and experienced problems regarding motivating
patients to use eHealth. Clear instruction material and tips (eg,
from other care professionals) to encourage and convince
patients to use eHealth were needed. In addition, health care
professionals indicated that they did not want to innovate
without the help and encouragement of other health care
professionals within and outside their own organization. It
appeared that the innovation should fit with the ambitions and
plans of the local care community.

Convincing Partners Within and Outside the Practice

So, health care professional s needed support on different levels
during the implementation, more than we expected. For these
support activities funding was needed, which was not covered
by the budget for the project. Severa care practices tried to
apply for eHealth funding. However, we experienced that it was
complex for them to organize this. Often, they lacked
knowledge, expertise, or resourcesto apply for eHealth funding.
Professionals mentioned that in the current financial model,
they had to pay the costs (time and money) for eHealth
implementation, while the health insurer would receive the
proposed benefits in terms of cost reductions (also known as
the wrong pocket problem).

In addition, health care professional s already experienced ahigh
time pressure in regular care processes and in keeping up with
bureaucratic and legal changes, resulting in a lack of time to
adopt eHealth. Moreover, in most practices, eHealth was not
mentioned in vision and mission statements. Furthermore, the
care professionals and managers who agreed to participate in
the eLabEL project were not the ones that actually had to work
with theapplicationsinreal practice. An“eHeath-minded” care
manager does not guarantee the actual use of eHealth by hisor
her colleagues when there is no clear vision on eHealth in the
care organization or space for innovation. The aforementioned
reasonsresultedinlow priority for eHealthimplementation. As
summarized by one of the managers:

| am supporter of such innovations in health care,
but | also see that they conflict with every day
practice. General practitioners are up to their ears
in work. They have no time for implementation.
Primary health care professional s experience extreme
pressure due to the substitution from secondary to
primary care, which is bothering them. Besides, it is
still unknown what the purpose and target population
of eHealth is and why we would use it. That is scary.
Then, you can imagine why eHealth has low priority.
[Interview, manager primary health care center, March
9, 2016]

JMed Internet Res 2018 | val. 20 | iss. 3 [e83 | p.31
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Entrepreneurs

Envisaged Role in eLabEL

The entrepreneurs’ rolein eLabEL was to bring in mature and
evidence-based eHealth applications, in conjunction with
patients and health care professionals, and to combine the
different applicationsinto oneinfrastructureviaasingle sign-on.
To redize a sustainable, intelligent, and interoperable
information and communication technology (1CT) infrastructure,
which was necessary for eLabELS mission, the individual
applicationsaswell astheinfrastructure should meet the national
and European requirements for data exchange, data safety, and
data privacy. The entrepreneurs were also asked for knowledge
and financia investments.

Small- and Medium-Sized Enterprises | ncentive to
Collaborate

Participating entrepreneurs started in eLabEL with the
expectation that collaboration with research institutes would
help them to enter a new market, that is, primary health care.
They felt they needed to collaborate with other entrepreneurs
as they were not big enough to enter the market on their own.
They expected collaboration with research ingtitutes as an
important surplus value: it would add a scientific basisfor their
applications and therefore could create additional market value.
They valued the intensive collaboration among the SMEs
resulting in small aliances of 2 or 3 SMEs, as well as the
experiences of participating in the project asawhole.

Small- and Medium-Sized Enterprises Need a Positive
Business Case

During the project, it came to the fore that entrepreneurs did
not have the technical knowledge that was needed to set up a
sustainable interoperable ICT infrastructure and that their
eHealth applications were neither fully mature nor evidence
based. Furthermore, the entrepreneurs were continuously
considering whether investments in eLabEL would result in
future revenues (mainly inthe short term). Asthe SMEs differed
in their motivation and in weighing investments, it proved hard
to create a shared vision statement on the integration of the
different eHealth applications, the investment strategy, and a
joined entity to assign intellectual propertiesto. Themain reason
for the struggles experienced in the cooperation among SMEs
was that the SMEs differed in their convictions of future
revenues because of uncertainties in the financial market and
that it was not possible to make a positive business case. An
individual investment in the eHealth infrastructure was
considered as unwise and too risky by each SME, and therefore,
they opted for a joint investment. However, the business case
and corresponding business model should still be positive.
Questions like who will pay, who is the customer, and who is
the user were difficult to answer during the whole project, as
the primary heath care market was a new and therefore
relatively unknown market for the SMEs. This resulted in
continuous discussions on the businessmodel . One of the SME's
explained it as:

The health care market is unknown. Who should pay
for it? How can we sdll it? The Business Model is
unclear. For medical care the health care insurance
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should pay. For non-medical care a patient or health
care organization should pay. This is difficult in
primary health care. [Meeting entrepreneurs,
September 16, 2014]

Health CareInsurersand Policy Makers

Envisaged Role in eLabEL

In the eLabEL project, the expected role of policy makers and
health care insurers was that of enabling the health care
professionals in experimenting with the use of eHedth in
primary care. More precisely, we expected that health care
insurers would provide financial support for the appointment
of practice nurses.

Shared Ambition

Severa discussions were held with health care insurers and
policy makers. Time after timeit was clear that we had a shared
ambition: health care insurers and policy makers agreed that it
was hecessary to work on anintegrated infrastructure for eHealth
applications to transform traditional primary health care into
technology-supported health care. In their view, the Dutch
financial legidation offers prospects for financing eHealth
applications as there are policy rules, conditions for
reimbursement, and incentives for innovation.

Cost-Effectiveness Studies Are Needed

Simultaneoudly, health careinsurerswere reserved. They needed
a business case and insight into cost-effectiveness of the
infrastructure that we were devel oping before they would think
about reimbursement or investments. We could not achievethis
in the project and therefore, they did not want to support the
project. It seemed that health care insurers were mostly
interested in short-term effects. In actual practice, the Dutch
regulations and legislation seemed to act inconsistently: they
argue to stimulate eHealth on one side but require
cost-effectiveness studies first on the other side. However, to
carry out cost-effectiveness studies in real practice,
implementation of eHealth needs legislation and financial
regulations first.

Instead of investments by health care insurance, health care
organizations themselves might be able to invest in
eHealth-applications. However, in the Dutch
pay-for-performance-based health care system, the use of
eHealth applicationsthat lower the number of consultswill also
lower the hedlth care professionals revenues. Actualy,
investments by the health care organizations will lead to lower
costs for the health care insurers but also lower income for the
health care practices. Thiswas explained by one of the managers
asfollows:

eLabEL is aimed at more efficient care and better
quality of care, with the ideal result that patients are
more satisfied. But, this should not result in cost
savingsonly for the health careinsurance sector... The
shared savings principle might be worthwhile.
[Meeting entrepreneurs and primary health care
managers, November 6, 2014]
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Discussion

About 4 years after starting the eLabEL project, we conclude
that, despite the hard work and collaboration of many
stakeholders, it was not possible to implement eHealth in these
Living Labs at this moment in time. One might say that the
el abEL consortium failed initsambition. However, we gathered
in-depth information about the complexity of innovations in
primary headth care that can help many researchers,
entrepreneurs, and policy makersin setting up the next initiatives
on this topic. Our experiences in eLabEL taught us that
successful use of eHealth needs more than enthusiastic partners.
Successful use also depends on the efforts of al stakeholders,
their willingness to invest time or money, and shared vision
statements. Although it isnot easy because of different contexts,
values, and expectations, based on the experiences inside and
outside eLabEL, we still believe that collaboration between all
4 groups of stakeholders, that is, patients, health care
professionals, entrepreneurs, and health care insurers or policy
makers is essential. Moreover, we argue that policy, especially
the health care insurance market, should be added as afield to
Eysenbach’s definition of eHealth [9].

Were we naive when starting eLabEL ? We might be: we knew
we were ambitious, but looking back, we realize we had
unrealistic expectations and our goalswere not specific enough.
Nevertheless, SMEs were willing to collaborate and to invest
as they were ready to step into a new market. Additionally,
health care organizations also felt the urge to participate. What
we did not foresee was the struggle (1) to convince health care
insurers to support health care professionalsin our project and
(2) to create a positive business model. In fact, it was those
factors that led to an impasse: without commitment of health
care centers or insurers, no positive business model could be
created, and SMEs could not invest in the eL abEL infrastructure.
However, without investments in the eLabEL infrastructure,
health care professional swere not convinced of itsadded value.
Moreover, without financial support by health care insurers,
they were not motivated or able to use it. This made it
impossible for the researchersto collect the evidence that health
careinsurers were asking for.

With this paper, we aimed to show the process of adoption of
eHealth toolsin primary careillustrated by the eLabEL project,
which provided usarich qualitative dataset. However, our study
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has some limitations. The main limitation is the involvement
of patients, health care insurers, and policy makers. Patients
were supposed to be part of the Living Lab. They were actively
involved at the start of the project. Slow progressin devel opment
and implementation changed the focus of the project and resulted
inlessinvolvement of patients. Health careinsurers and policy
makers were not part of the Living Lab and were therefore less
involved in the project. Nevertheless, it is clear from our
observationsthat anumber of actions should be done differently
in future projects to enforce the implementation of eHealth in
primary care. These actions will be discussed in the following
sections and are listed in Textbox 2.

It turned out that it is not easy to actively involve patients in
research projects with an eHealth-topic. Considering the
importance of their participation, especially in eHealth projects
[20], they should be supported in participating in the project.
Wildevuur et al (2017) recently published 4 preconditions for
enhancing the partnership in |CT-enabled person-centered care
[21]. Inaddition, incentivesfor care practices seem to be needed
to recruit patients for participation. Patient’s expectations of
the benefits of using eHealth play an essential rolein their actual
use. Therefore, it is essential that Living Labs as set up in
eLabEL awake patients’ interest by offering relevant eHealth
tools. Patients' expectations are not only dependent on the
technology but also on the way in which general practices offer,
promote, and use it [22,23]. Care professionals should be
supported in informing patients about the possibilities, uses,
and reasonsfor implementation, focusing on the benefitseHealth
can bring. However, whether patientswill actually use eHealth
will always be personal and differ among patients. Monitoring
which patients benefit the most from the use of eHealth and
those who do not, seems to be important to develop optimal
implementation strategies.

From the care organizations’ perspective, it appeared that health
care managers and professionals were not ready to implement
eHealth tools without support. Implementing eHealth requires
it to beafundamental part of the mission and vision of the health
care organization. Only then decisions on budget and support
can be made. We found that the process of adapting and
implementing eHealth is too complicated to organize next to
regular care-giving activities for primary health care
professionals. In addition, we learned that involving a primary
health care center in the plans is not sufficient.

Textbox 2. Lessons learned from aLiving Lab on broad adoption of electronic health (eHealth) in primary health care.

«  Patients need support to actively participate in eHealth projects, and those projects need to be relevant for the patients

« Incentivesfor care practices are needed to recruit patients for participation in eHealth projects

«  Primary care practices need support to adequately inform patients and monitor which patients benefit from the use of eHealth

e Thecommunity in which aprimary health care system operates needs to be involved in eHealth projects

«  Primary care practices need support and managerial power for the implementation and innovation processes

«  Collaborated eHealth entrepreneurs need trust in each other, shared vision statements, and early commitment to short- and long-term goals
« A business model concept isneeded early in eHealth projects and essential for collaboration

«  Strategies are needed focusing on financial models that stimulate innovation and on requirements needed for societal innovations

. Patients, primary health care professionals, entrepreneurs, and government need to act together in eHealth projects
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The use of eHealth goes beyond the own practice borders as
primary health care professionals often operate close to other
health care professionals in their region. This makes the
innovations even more complex as those parties also need to
be involved [24]. Nowadays, it is common knowledge that
implementation of innovations, including eHealth, is difficult
and progresses only slowly [25-27]. Lau et al (2016) stated in
a recent systematic review of reviews that implementing any
type of change in primary care islikely to be complex and that
relevant barriers and facilitators are dynamic and likely to
change over time [25]. Theoretical models show that the
innovation process or implementation infrastructure are
important parts of implementation, next to the intervention
characteristics, the organizationa structure, the context, and the
individuals [8,28]. Moreover, it is shown that a greater
knowledge of essential adjustments in health care provider
workflow, roles, and responsibilitiesis needed [29]. Our study
provides areal-world view on these topics showing that Dutch
primary care organizations, mainly small organizations, do not
have the managerial power that is needed for complex
innovations such aslarge-scale eHealth implementation. Primary
care organizations probably will benefit from infrastructure that
support them in the implementation process.

From the entrepreneurs perspective, it is important to have
shared vision statements and a business model concept as early
as possible. Clearly defined short- and long-term goals are
needed. In addition, trust in each other and commitment of all
parties is important. Knowledge of the potential
cost-effectiveness of eHealth is an important requirement for
all stakeholders. The use of an early health technology
assessment can provideinsight into potential outcomes, drivers,
and barriers. Moreover, we should realize that SMES might
have difficulties, due to lack of knowledge, in developing
interoperable eHealth, when facing different Dutch and
European requirements on data safety, data exchange, and data
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privacy. Furthermore, in developing, adapting, selecting, and
implementing eHealth tools, they should work as closely as
possiblewith the end user, that is, health care professionalsand
patients. Active user involvement is atime-consuming process.
Developers should balance the need for input from users, with
the availability of resources such as time and funding [30]. To
remain competitive within afast-moving market, it isimportant
to develop quickly [31]. However, we recommend that the need
assessment phase should not be neglected; this seems of major
importancefor the devel opment of eHealth from which patients
can experience benefits and might be an important trigger to
actually use eHealth.

The implementation of eHealth is not yet a fully recognized
aspect of primary health care organizations, which makes it
difficult to fit eHealth locally. Furthermore, inconsistenciesin
policy rules hinder improvements and innovations. For projects
such as el abEL, it would help when policy makers and health
care insurers would alow experiments in which standard
regulations can be (partly) neglected to fully explore new
financing models. Thiscan only be arranged when policy makers
and health care insurers are involved from the beginning of the
project. However, such experiments are not astructural solution
for broad-scal eimplementation of eHealth. M oreover, financia
support does not guarantee the large-scale use of eHealth [32].
Broad-scale implementation will need strategies that not only
focus on financial models that stimulate innovation but also on
requirements needed for societal innovations [33,34].

In conclusion, we believe that for optimal and sustainable use
of eHealth, patients should be actively involved, primary health
care professionals need to be encouraged in their management,
entrepreneurs should work closely with health care professionals
and patients, and government needsto focus on new health care
models stimulating innovations. Only when all these parties act
together, starting in local communities with a small range of
eHealth tools, the potential of eHealth will be realized.
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Abstract

Background: Health risk assessmentswith tailored feedback plus health education have been shown to be effective for promoting
health behavior change. However, there is limited evidence to guide the development and delivery of online automated tailored
feedback.

Objective: The goal of this study was to optimize tailored feedback messages for an online health risk assessment to promote
enhanced user engagement, self-efficacy, and behavioral intentions for engaging in healthy behaviors. We examined the effects
of three theory-based message factors used in devel oping tailored feedback messages on levels of engagement, self-efficacy, and
behavioral intentions.

Methods: We conducted a randomized factorial experiment to test three different components of tailored feedback messages:
tailored expectancy priming, autonomy support, and use of an exemplar. Individuals (N=1945) were recruited via Amazon
Mechanical Turk and randomly assigned to one of eight different experimental conditionswithin one of four behavioral assessment
and feedback modules (tobacco use, physical activity [PA], eating habits, and weight). Participants reported self-efficacy and
behavioral intentions pre- and postcompletion of an online health behavior assessment with tailored feedback. Engagement and
message perceptions were assessed at follow-up.

Results. For the tobacco module, there was a significant main effect of the exemplar factor (P=.04); participants who received
exemplar messages (mean 3.31, SE 0.060) rated their self-efficacy to quit tobacco higher than those who did not receive exemplar
messages (mean 3.14, SE 0.057). There was a three-way interaction between the effect of message conditions on self-efficacy to
quit tobacco (P=.02), such that messages with tailored priming and an exemplar had the greatest impact on self-efficacy to quit
tobacco. Across PA, eating habits, and weight modules, there was a three-way interaction among conditions on self-efficacy
(P=.048). The highest self-efficacy scores were reported among those who were in the standard priming condition and received
both autonomy supportive and exemplar messages. In the PA module, autonomy supportive messages had a stronger effect on
self-efficacy for PA in the standard priming condition. For PA, eating habits, and weight-related behaviors, the main effect of
exemplar messages on behavioral intentions was in the hypothesized direction but did not reach statistical significance (P=.08).
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When comparing the main effects of different message conditions, there were no differences in engagement and message

perceptions.

Conclusions:  Findings suggest that tailored feedback messages that use exemplars helped improve self-efficacy related to
tobacco cessation, PA, eating habits, and weight control. Combining standard priming and autonomy supportive message
components shows potential for optimizing tailored feedback for tobacco cessation and PA behaviors.

(J Med Internet Res 2018;20(3):€63) doi:10.2196/jmir.7613

KEYWORDS

health communication; feedback; eHealth; health risk assessment; health behavior; intention; self-efficacy; personal autonomy

Introduction

Background

Health risk assessments plusfeedback and additional educational
approaches have been shown to be effective for supporting
health behavior change [1]. Although many early health risk
assessments were delivered via print [2], increasingly, these
assessments are delivered via the Web. Web-based tailored
interventions have demonstrated efficacy in promoting healthy
behavior changes [3,4]. Online delivery of health risk
assessments and tailored feedback present opportunities for
greater reach and dissemination of effective health interventions
that have the potential to lower costs, aleviate barriers to
participation, and facilitate adherence to healthy behaviors.
Although a large body of evidence supports the efficacy of
tailored communications for promoting healthy behaviors (eg,
[2,4-7]), there is limited evidence to guide the optimal
presentation of automated tail ored feedback on health behavior
datato individuals [8]. Indeed, systematic reviews have called
for researchers to provide enhanced descriptions of tailoring
criteria and message design to optimize the use of Web-based
tailored interventions to promote behavior change [4,9].

The Carolina Health Assessment and Resource Tool (CHART)
is an online health behavior risk assessment tool developed at
the University of North Carolina that includes various
assessments of health behaviorsrelated to chronic diseases that
comprise the leading causes of premature death in the United
States, along with evidence-based, theory-guided tailored
feedback message libraries [2,4,10]. Individuals complete a
baseline assessment on their current status in meeting the
national recommendation for a specific health behavior (eg,
physical activity [PA] and being tobacco-free), as well as other
theory- and evidence-based psychosocial factors related to the
health behaviors. Responses to this assessment are used within
CHART to create a tailored feedback report (personalized
report) based on an individuals reported current behavior,
readinessto change, perceived barriers, and social support [10].

Message content and delivery format of tailored feedback
reports, such as those offered by CHART, are critical
components of online health messages that may affect an
individual's evaluation of a message, website use, and
subsequent behavior change. To date, tailored health
interventions have commonly used the major health behavior
theories to guide message content (eg, social cognitive theory
[SCT], transtheoretical model, and health belief model)
[2,11,12]. Meta-analyses of tailored health behavior change

https://www.jmir.org/2018/3/e63/

interventions indicate that tailoring on more theoretical
constructs (ie, 4-5 or more) in addition to behavior and
demographics may improve the effectiveness of tailored
interventions [2]. However, these theories contain many
individual constructs, and thereisaneed to identify the specific
message components of these tailored interventions in a
systematic manner that will enhance understanding of the most
effective message features and guide optimization and future
testing of this set of features[13].

A growing literature has encouraged the use of the multiphase
optimization strategy (MOST) framework to elucidatethe active
ingredients of interventions [13-15]. Thus, this study was
designed to examine multiple message components (factors) of
CHART personalized reports. The goals were to optimize the
existing tailored feedback to promote self-efficacy and
behavioral intentions for engaging in healthy behaviors and to
enhance user engagement on the dimension of subjective
experience. Guided by arecent systematic review and conceptual
framework on engagement with digital behavior change
interventions [16], our focus was on the experiential aspects of
engagement, characterized by interest, affect, and attention (eg,
self-report measures of perceptions of effectiveness, information
quality, and attractiveness), and how engagement with the
tailored feedback might beimpacted by the content and delivery
of the tailored feedback. Given that a single administration of
a health risk assessment plus feedback, without additional
i ntervention approaches, was unlikely to affect behavior change,
we focused on sdlf-efficacy and behavioral intentions. Both of
these psychosocial constructs are key components of health
behavior theories (eg, SCT and theory of planned behavior) and
have been shown to be proximal determinants and predictors
of behavior change[17,18]. Consistent with the screening phase
of the MOST framework, we used a factorial design to allow
for testing of the main effects on outcomes, as well as
prespecified interactions. Our focus was on three specific
message factors: expectancy priming, autonomy support, and
exemplification, which are detailed below.

Expectancy Priming

Individuals may vary on their tailoring-rel ated expectancies, or
the value or benefit that one may expect from tailored
communications, and these expectancies are changeable [19].
Webb et a [20] demonstrated that individuals baseline
expectancies about tailoring moderated the effect of personalized
smoking cessation booklets on readiness to quit smoking, such
that extensively personalized materials produced greater effects
on readiness to quit among those with more positive
expectancies about tailoring. A follow-up study showed that
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expectancy priming to manipul ate tailoring-rel ated expectancies
(ie, making it clear that a message is either a standard one or
personally tailored for that individual) can enhance the value
or benefit that participants expect from either standard or tailored
materials, improve ratings of message content, enhance readiness
to change, and promote behavior change[19]. Thus, expectancy
priming may influence the effect of tailored interventions such
asfeedback reportsfrom health risk assessments. For this study,
before receiving their tailored feedback report, participantswere
randomized to receive either apriming message explicitly stating
that their feedback report was personally tailored for them, or
they received a priming message stating that the feedback
included a standard report.

Autonomy Support

Behavioral interventions and tailored messages using
self-determination theory (SDT) [21] as a guiding framework
have demonstrated effectivenessfor improving health behaviors
such as PA [22], fruit and vegetable intake [23], and weight
control [24]. SDT distingui shes between autonomous mativation
and controlled motivation and positsthat the type of motivation,
rather than amount, is more influential on behavior [21,25].
Behaviorsare autonomously motivated when actions result from
conscious choice and are personally rel evant, whereas controlled
motivation involves engaging in abehavior because of perceived
external pressures [26]. When individuals are autonomously
motivated, behavior changes have been shown to be more
effective and sustained [27]. Many health behavior interventions
have focused on increasing autonomous motivation and in turn
improved behavioral outcomes [22,28,29]. Often these
interventions have encouraged autonomous motivation by
incorporating autonomy supportive behavioral strategies based
on SDT, including providing several options for change,
supporting asense of choice, eliciting anindividual’semotions,
providing rationale for the importance of a behavior, and
exploring the relevance of behaviors for an individual’s values
and goals[30]. Thus, participantsin this study were randomized
toreceivetailored feedback messagesthat were either autonomy
supportive or used more directive language (ie, existing CHART
feedback). On the basis of recommendations for enhancing
autonomous motivation [ 26], the autonomy supportive messages
offered a sense of choice or menu of options for change and
encouraged participants to consider their own motivations and
solutions to barriers, whereas the directive messages more
explicitly told participants what to do.

Exemplification

Self-efficacy, or confidence in one’s ability to take action or
perform a behavior in the face of obstacles [31], is one of the
most commonly targeted theoretical determinantsin behavioral
interventions and is central to multiple theories of behavior
change (eg, SCT, transtheoretical model, and health belief
model). Vicarious experiences and verbal persuasion are specific
strategies relevant to health communication [32] and similar to
exemplification used in media [33], which can be used to
promote self-efficacy. Messages presented with an exemplar
(eg, role model for the behavior) enable individuals to observe
others perform an activity successfully, learn from vicarious
experience, communicate positive outcomes of a behavior, and
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can encourage sel f-efficacy and in turn lead to behavior change
[34-36]. Previous studies have shown that messages featuring
exemplars, or role models, improve perceptions of self-efficacy
and have the potential to enhance attractiveness of a message
and promote positive behavior change [37]. In this study,
participants were randomized to receive messages that featured
an exemplar or did not use an exemplar.

Using manipulations of these three different message
characteristics (expectancy priming, autonomy support, and
exemplification), this study examined whether tailoring feedback
messages using three different approaches improved
self-efficacy and behaviora intentions to adhere to
recommended health behaviors. As previous research has
indicated that engagement with or subjective perceptions of
tailored messages (eg, perceived message relevance) may
mediate or explain the mechanism of tailoring effects [38-40],
we al so examined the effects of message factors on engagement,
or subjective experiencesrelated to attention, interest, and affect
with tailored feedback messages. The overall goal wasto inform
the selection of the most effective messages for use in future
CHART personalized reports and to expand the scientific basis
for the optimal presentation of tailored feedback. We
hypothesized that tailored expectancy priming, autonomy
supportive messages, and messages with exemplars would be
more effective for improving self-efficacy, behaviora intentions,
and engagement compared with messages without these features.

Methods

Participants and Recruitment

Participants were recruited from January 2016 to February 2016
through Amazon Mechanical Turk (MTurk), a website where
tasks are crowdsourced to employees, called workers, who
receive compensation for completing Human Intelligence Tasks
(HITs) [41]. MTurk has been used in a number of different
research studies to collect a diversity of information such as
health knowledge of ovarian cancer [42], ways to increase PA
[43], and to measure body image [44] and the perceived
harmfulness of tobacco products [45,46]. It is a useful tool for
behavioral researchers because of its low cost, diverse worker
population, and speed of data collection [41]. In MTurk, this
study advertised the HIT as an opportunity to share opinions
about ahealth survey and described the task as needing feedback
about an online health website. Participants met the following
initial eligibility criteriac aged 18 years or older, had Internet
access, reside in the United States, able to communicate in
English, and HIT approval rate (ie, percentage of worker's
completed HI Tsthat have been approved by requestors) greater
than or equal to 90%. Individuals were given US $1.25 for
successful completion of the assignment, as detailed below.
This study was reviewed and exempted by the institutional
review board of the University of North Carolinaat Chapel Hill
(IRB #14-2873).

Procedure and Design

We conducted pre- posttest experiments to test the effects of
eight different message conditions on self-efficacy and intentions
to engage in four different health behaviors.
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Figure 1. Flow of study participantsin randomized 2x2x2 factorial experiment. CHART: Carolina Health Assessment and Resource Tool.
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This study used a factorial design testing three experimental
factors, with each factor having two levels of message
characteristics (2x2x2): (1) expectancy priming before feedback
delivery (standard vs tailored), (2) autonomy supportive
messages (presence vs absence), and (3) use of exemplars
(presence vs absence; Figure 1). We tested tailored feedback
messages for four behavioral modulesin CHART (tobacco use,
PA, eating habits, and weight). For each of these four behaviors,
the message characteristics were fully crossed (3 factors by 2
levels). Thus, for the independent variables of message
condition, eight different cellswere generated. Participantswere
randomized to one of the four behaviors (or 1 of 3, or 1 of 2,
depending on eligibility, or assigned to 1 if only eligible for 1)
and then subsequently randomly assigned, with equal
probability, to one of eight experimental groups (Figure 1). The
procedures from initial recruitment in MTurk through study
completion are outlined below. In MTurk, the HIT indicated
eligibility requirements to participate and provided a URL to
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begin the HIT. Participants were then directed through a series
of online questionnaires and websites in the following order:

« This first questionnaire was an online screener with
questions that asked individuals to report their gender and
current smoking habits, PA behaviors, intake of fruits and
vegetables, height, and weight. This screener identified
participants that met additional eligibility criteria of not
meeting national recommendations for at least one of four
cancer prevention—related health behaviors: current tobacco
use (smoker), PA (ie, less than 150 min of moderate
exercise a week), fruit and vegetable consumption (ie,
consuming less than 2 servings of fruit or 3 servings of
vegetables daily), and weight status (ie, overweight or
obese, body mass index =25).

« On the basis of dligibility, participants were randomized
into one of the up to four health behaviors for which they
were not meeting national recommendations. For instance,
individuals who were not meeting national
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recommendations for all of the four behaviors were
randomly assigned to one of the four modules. Individuals
who were not meeting national recommendations for two
behaviors (eg, PA and eating habits) were randomly
assigned to one of these two modules. Respondents who
did not meet the national recommendation for only one
behavior were assigned to the corresponding module.
Within each behavior, individuals were randomly assigned
to one of eight different message conditions (Figure 1)
based on three factors: expectancy priming (standard or
tailored), autonomy support (yes or no), and exemplar (yes
or no).

- Upon randomization, participants completed an online
baseline questionnaire related to the specific behavioral
module, which assessed self-efficacy and behavioral
intentions. Participants received a unique user password
after completing the questionnaire.

« Next, participants were directed to the CHART website
[47], where they entered their password and completed an
assessment questionnaire related to their assigned health
behavior and a demographics questionnaire. Questions
included standard items used in the CHART assessments
(ie, current health behavior, readiness to change, barriers
to engaging in the specific health behavior, and social
support).

«  Upon completion of the CHART assessment, participants
received a personalized report that was tailored-based on
preexisting tailoring variables programmed in CHART
(current health behavior, readiness to change, barriers, and
social support) and included messages with features
consistent with one of the eight randomized conditions.

- Participants were instructed to read through the report and
to click onalink that directed them to a password-protected
final online questionnaire that asked about their opinions
on the personalized report.

«  Once participants completed the final questionnaire, they
received a HIT completion code. After entering the
completion code on the MTurk website, participants
received US $1.25 for their time. Mean study completion
time was 15.6 min (standard deviation [SD] 9.9).

Data collection for this study was completed in four cohorts.

Experimental Conditions

Multimedia Appendix 1 provides examples of the message text
in the various experimental conditions delivered through the
personalized reports, which are detailed below.

Expectancy Priming

In the introduction to the personalized report, participants were
randomized to receive either a standard priming or tailored
priming message that described the contents of the report. The
landing page used common graphics and language to direct
individualsto click on alink to accesstheir personalized report.
The description of the personalized report differed between
conditions and was adapted from previous research [20]
(Multimedia Appendix 1). The standard priming condition
indicated that the report was based on research that may help
people meet recommendations. Languagein thetailored priming
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condition stressed that the report was tailored especially for the
individual and designed to meet their unique needs.

Autonomy Support

Participants were randomized to receive tailored feedback that
consisted of either messages designed to be autonomy supportive
or messages without a focus on autonomy support (standard
existing CHART messages or exemplar messages). Tailored
feedback in the autonomy supportive condition used language
that was less directive and encouraged individuals to consider
their own preferences and options. Origind CHART-tailored
feedback messages were revised and rephrased to ask more
open-ended questionswith the goal of promoting autonomy and
choice (Multimedia Appendix 1). For instance, instead of
directing individuals to “Fit weighing into your daily routine
by stepping on the scale every morning when you get up,” the
autonomy supportive messages asked, “How can you fit
weighing into your daily routine? How about stepping on the
scale every morning when you get up?”’

Exemplar

In the exemplar condition, participants received messages that
used gender-matched descriptions of a man (Bill) or woman
(Rachel) who had a similar behavioral profile and had
successfully made changesto meet the recommended behavioral
goal. Tailored feedback inthe original CHART messagelibrary
was adapted to include Bill or Rachel as a role model for
working toward improving their behaviors. For instance, an
original CHART message read asfollows: “ Changing what you
eat isnot always easy. But, you can doit! Start with agoal you
know you can reach. Small changes, like swapping sweetened
drinksfor water, can make abig differenceto your health.” This
same message was revised to include a role model for the
behavior: “Changing what you eat is not always easy. But, you
can do it! Like you, Rachel [Bill] had challenges that were
getting in the way of her [his] healthy eating. She [He] started
with agoa she [he] knew she [he] could reach and found that
small changes, like swapping cookies for fruit, made a big
difference to her [his] health.”

Autonomy Support X Exemplar

For participants that were randomized to this condition, tailored
feedback combined messages that were autonomy supportive
and included an exemplar (Multimedia Appendix 1). Thiswas
operationalized by using messages that were nondirective and
asked questionsthat encouraged reflection, while also including
Bill or Rachel asarole model exemplifying positive behaviors.
For example, astandard tailored message regarding weight read
as follows: “Try to fit veggies into every meal! Eating
vegetables, especially those that are brightly colored, may help
protect against heart disease and stroke.” This same message
was revised to the following: “Have you thought about trying
tofit veggiesinto every meal ? Rachel [Bill] decided to eat more
vegetables, especialy brightly colored ones, sincethey can help
protect her [him] against heart disease and stroke.”
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M easures

Primary Outcomes

Salf-efficacy was assessed at baseline and after receipt of the
personalized report using a single item adapted from previous
studies [48,49] that asked participants “How confident are you
that you can...” (1) Quit smoking or stop using smokeless
tobacco products?, (2) Get the recommended amount of PA
each week?, (3) Eat at least (5 for women, 5% for men) cups of
fruit and vegetables each day?, or (4) Control your weight?
Responses ranged from 1 (not at all confident) to 5 (extremely
confident).

Behavioral intentions were measured at baseline and following
receipt of the personalized report with two (tobacco, weight) or
four items (eating habits, PA) on a 7-point scalefrom 1 (strongly
disagree) to 7 (strongly agree). Items were adapted from
previous measures [50-53] and asked participants to indicate
the extent to which they agree or disagree with statements about
their intentionsto engage in a health behavior goal over the next
month (eg, | intend to exercise regularly over the next month.
| will try to exercise regularly over the next month.). Measures
for al modules used the stems “I intend to...” and “I will try
to...,” with the behavioral goals matching those appearing in
the specific modules (ie, quit smoking and aim for a healthy
weight). For the PA and eating habits measures, four itemswere
used to assess behavioral intentions related to two behaviora
goals (ie, exercise regularly, get at least 150 min of PA each
week, eat at least two cups of fruits each day, and eat at least
three cups of vegetables each day). Items were averaged for
each behavior (Cronbach al pha=.92-.96).

Engagement and Perceptions of Personalized Report
Messages

Perceived message relevance, which has been shown to be
related to tailoring [6] and a mediator of behavior change
[38,39], was measured with two items adapted from previous
studies of tailored messages [38-40]. Participants were asked
to rate how strongly they disagree or agree with the following
statements: (1) “The information in the personalized report
seemed to be written personally for me’ and (2) “The
information in the personalized report applied to my life”
Responses were on a 5-point scale from 1 (strongly disagree)
to 5 (strongly agree) and were averaged across the two items
(Cronbach alpha=.80).

Perceived informativeness was assessed using a 2-item scale
adapted from Cho and Boster [54] that asked participants to
rate their agreement with statements on a 5-point scale.
Statements included (1) “The personalized report was
informative” and (2) “1 learned something from the personalized
report,” and responses ranged from 1 (strongly disagree) to 5
(strongly agree). Items were averaged (Cronbach alpha=.84).

With respect to perceived message quality, participants were
asked about their perceptions of the quality of the personalized
report using a 5-item perceived message quality scale [54].
Itemsincluded statements such as* The personalized report was
persuasive’” and “l feel that the personalized report was
cornvincing” Response options ranged from 1 (strongly
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disagree) to 5 (strongly agree) and were averaged across the 5
items (Cronbach alpha=.93).

Perceived trustworthiness was assessed with one item [38,39]:
“l believed the information in the personalized report.”
Responses were on a 5-point scale from 1 (strongly disagree)
to 5 (strongly agree).

To assess perceived attractiveness, participants were asked 1
item [40] on a7-point scale (1=very muchto 7=not at all): “How
attractive did you find the personalized report?’

For assessing perceived message effectiveness, a 3-item scale,
adapted from Jensen et a [40] was used to ask participants about
the persuasiveness of the personalized report. Questions asked
(1) “Was the personalized report convincing?’; (2) Would
people your age who smoke (who are not exercising regularly,
who are not eating a healthy diet, and who are not at a healthy
weight) be more likely to quit (to exercise regularly, to eat a
healthier diet, and to aim for a healthy weight) after reading the
personalized report?’; (3) “Would the personalized report be
helpful in convincing your friends to quit smoking (to exercise
regularly, to eat a healthy diet, and to am for a heathy
weight)?" Responses options ranged from 1 (definitely no) to
4 (definitely yes) and were averaged (Cronbach alpha=.89).

Engagement With Health Assessment Website

We adapted the 9-item Website Evaluation Questionnaire [55],
originally developed to measure self-reported engagement, to
ask participants about their evaluation of the overall CHART
website. Responseswere on a5-point scale (1=strongly disagree
to 5=strongly agree) and were averaged across three different
items to derive three subscales. Perceptions of personal
relevance assessed the degree to which participants felt the
websitewastailored (eg, “ Theinformation and advice provided
by the website was appropriate for me”; Cronbach a pha=.85).
The perceptions of self-assessment and goal setting subscale
assessed the degree to which participants felt that the website
helped them to reflect on their current behaviors and set goals
(eg, “The website helped me to plan”; Cronbach apha=.86),
whereas the engagement subscal e assessed the degree to which
participants felt the website was attractive and enjoyable to use
(eg, “ The website was engaging” ; Cronbach alpha=.89.).

For satisfaction, asingleitem asked participants the following:
“How do you assess your participation in the online health
assessment website in general?’ Response options were on a
5-point scale and included 1 (poor), 2 (average), 3 (good), 4
(very good), and 5 (excellent).

Demographic Characteristics

Participants reported age, sex, race, ethnicity, educationa
attainment, marital status, annual income, employment, and
health insurance status. Datawere collected through the CHART
demographics module.

Statistical Analyses

Data were examined for outliers and distributions. Given that
the distribution of data relating to the tobacco module was
markedly different from the other behaviors (eating habits, PA,
and weight management), we analyzed the data related to
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tobacco separately from the other behaviors, whereas data on
the three other behaviors were combined. In examining data,
the distribution of the primary outcome variable (behavioral
intentions) was similar across the PA, eating behavior, and
weight modules, whereas it differed for the tobacco module.
Consistent with aprevious approach used to analyze datarel ated
to CHART [10], we collapsed data across the PA, eating
behavior, and weight modules. Furthermore, as the tobacco
module focused on an addictive behavior with a
recommendation to quit and the other three behavioral modules
were similar with respect to recommendations promoting
adoption of behaviors, we anticipated that the messages might
have similar effects across the three nontobacco behaviors.

We conducted multivariate analysis of variance to evaluate the
main effect of each condition (ie, difference between mean
response at onelevel of factor and mean response at other level,
collapsing over the levels of all remaining factors) and
interactions between conditions on our primary outcomes of
interest (behavioral intentions and self-efficacy). Each model
included the three experimental conditions, two-way and
three-way interaction terms (expectancy priming x autonomy
support, expectancy priming x exemplar, autonomy support X
exemplar, and expectancy priming X autonomy support X
exemplar), an intercept, and the grand mean-centered baseline
measure of the outcome of interest as a covariate.

For models related to the health behaviors other than tobacco,
the assigned health behavior module was aso included as a
covariate. Estimated margina means based on models are
reported. We used a similar approach to examine the effect of
experimental conditions on measures of engagement and
message perceptions. Asthese measures were collected only in
the follow-up questionnaire, analyses did not control for a
baseline measure. All analyseswere conducted using Statistical
Package for the Social Sciences (SPSS) version 23.0 (IBM
Corp).

Results

Participants

Of 3163 respondents in MTurk, 2838 completed the online
screener and were randomized to 1 of 32 possible conditions (8
conditions across 4 behaviors). Among 2749 individuals who
completed the baseline questionnaire, 2285 proceeded to take
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the CHART assessment. Upon reviewing their personalized
reports, 1971 participants completed the follow-up
guestionnaire. Due to an error with skip patterns that resulted
in missing responses related to self-efficacy, 155 participants
in the tobacco module were excluded from analyses. An
additional 26 participants were excluded because their website
activity indicated cases with duplicate IDs and unpaired
assessments because of technical issues, which resulted in 1945
participants used in analyses. Figure 1 and Table 1 show the
number of participants analyzed by health behavior module and
condition, respectively. Characteristics of the 1945 participants
are summarized in Table 2. Participants (N=1945) were on
average aged 36 years, with the majority being female (54.6%,
1062/1945), married (54.6%, 1062/1945), and college graduates
(52.4%, 1019/1945).

Effectson Primary Outcomes

Sdf-Efficacy

For tobacco-rel ated self-efficacy, analysesrevealed asignificant
main effect of the exemplar condition, F; ,55=4.157, P=.04,

N?=0.015. Participants who received exemplar messages (mean
3.31, SE 0.060) rated their self-efficacy to quit tobacco higher
than those who did not receive exemplar messages (mean 3.14,
SE 0.057). Expectancy priming (Fj,5=0.836, P=.36) and
autonomy support (F; ,6,=0.019, P=.89) conditionsdid not have
main effects on tobacco-related self-efficacy.

The three-way interaction between the conditions was
statistically significant (F, ,65=5.807, P=.02, n°=0.021) and is
illustrated in Figure 2. The strength of the effect of the exemplar
condition was moderated by the other conditions. For those in
the tailored priming condition, mean self-efficacy was highest
among those who received the exemplar message with no
autonomy support (mean 3.47, SE 0.129). The next highest
self-efficacy scores were among those in the standard priming
condition, who received both the exemplar and autonomy
supportive messages (mean 3.35, SE 0.111).

Results on the health behaviors other than tobacco showed no
significant main effects of the three experimental conditionson
self-efficacy at follow-up (priming: Fy;50,=0.518, P=.47;
autonomy support: Fj 150,=0.165, P=.685, and exemplar:
F11501=0.695, P=.41).
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Table 1. Experimental conditions and cell sizes by health behavior module.
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Group  Experimental condition Hesalth behavior module (N)
Tailored expectancy priming Autonomy support Exemplar Tobacco Physica activity Eating habits ~ Weight

1 No No No 56 71 62 69
2 No No Yes 57 62 62 61
3 No Yes No 42 64 67 63
4 No Yes Yes 57 66 63 60
5 Yes No No 58 59 78 61
6 Yes No Yes 52 59 62 57
7 Yes Yes No 54 59 61 63
8 Yes Yes Yes 55 61 66 58

Table 2. Characteristics of participants (N=1945) in experiments assessing Carolina Health Assessment and Resource Tool (CHART) personalized

reports.
Characteristic Value
Agein years, mean (SD) 36.22 (11.01)
Sex, n (%)
Female 1062 (54.60)
Male 883 (45.40)
Race?, n (%)
Non-Hispanic white 1675 (86.12)
African American 148 (7.61)
Asian 134 (6.89)
American Indian or native American 41 (2.11)
Pacific Islander 4(0.21)
Other 21 (1.08)
Ethnicity, n (%)
Hispanic 128 (6.58)
Marital status, n (%)
Married or living as married 1062 (54.60)
Not married 883 (45.40)
Education, n (%)
<High school 230 (11.83)
Some college or technical school 696 (35.78)
>College graduate 1019 (52.39)
Annual income (USD), n (%)
<$35,000 792 (40.72)
$35,000 to <$75,000 727 (37.38)
>$75,000 379 (19.49)
Employment status, n (%)
Employed 1385 (71.21)
Not employed 552 (28.38)
Have health insurance, n (%) 1564 (80.41)

participants could choose all that apply.
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Thetwo-way interaction effect of priming and autonomy support
conditions was significant (F 150,=7.028, P=.008, n%=0.005),
such that the effect of autonomy support was higher within the
standard priming condition (mean 3.28, SE 0.036) than the
tailored priming condition (mean 3.16, SE 0.037). As with
self-efficacy related to tobacco, the three-way interaction among
the conditions had a significant effect on self-efficacy related

tothe other health behaviors (F1 150,=3.925, P=.048, n?=0.003).

Figure 2 shows the effect of autonomy support and exemplar
conditions by priming condition. The exemplar condition
increased the effect of autonomy support within the standard
priming condition, such that the highest self-efficacy scores
were reported among those who were in the standard priming

Valleet a

condition and received both autonomy and exemplar messages
(mean 3.33, SE 0.052). Within the tailored priming condition,
mean self-efficacy scores were lowest among those in the
autonomy support condition, with (mean 3.14, SE 0.052) or
without an exemplar message (mean 3.18, SE 0.053).

In analyses of self-efficacy by individual health behaviors, we
found that the significant interaction effect of expectancy
priming and autonomous support was specific to those within
the PA module (Fy49,=7.185, P=.008, n%=0.014). Figure 3
illustrates the two-way interaction, such that autonomy support
had stronger effects on self-efficacy for PA in the standard
priming condition (mean 3.47, SE 0.070), whereas messages
without autonomy support had stronger effects in the tailored
priming condition (mean 3.36, SE 0.074).

Figure 2. Estimated means (SE) for self-efficacy at follow-up as a function of three-way interaction of expectancy priming, autonomy support, and
exemplar conditions. Error bars are SEs of the means. Higher scores represent higher self-efficacy. Tobacco (top): three-way interaction effect (P=.02)
of autonomy support and exemplar conditions on self-efficacy to quit smoking, by priming condition. Physical activity, eating habits, weight (bottom):
three-way interaction effect (P=.048) of autonomy support and exemplar conditions on self-efficacy to engage in physical activity, eating habits, and

weight management behaviors, by priming condition.
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Figure 3. Estimated means (SE) for self-efficacy for physical activity at follow-up as a function of two-way interaction of expectancy priming and
autonomy support. Error bars are SEs of the means. Higher scores represent higher self-efficacy.
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Figure 4. Estimated means (SE) for behavioral intentions at follow-up as a function of main effects of experimental conditions. Error bars are SEs of
the means. Higher scores represent higher behavioral intentions. Tobacco (top): priming (P=.59), autonomy support (P=.94), and exemplar (P=.97)
effects on behavioral intentions to quit smoking, controlling for baseline intention scores. Physical activity, eating habits, weight (bottom): priming
(P=.15), autonomy support (P=.64), and exemplar (P=.08) effects on behavioral intentions to engage in other health behaviors, controlling for baseline
intention scores.
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Behavioral I ntentions

Figure 4 shows the results for behavioral intentions to quit
smoking. There were no significant main effects of the three
conditions. Behavioral intentions among participants that
received the standard priming message (mean 5.21, SE 0.095)
did not differ from those who received the tailored priming
message (mean 5.28, SE 0.095; F; 54;=0.292, P=.59). Similarly,
there was no main effect for autonomy support (mean 5.25, SE
0.093) versus no autonomy support (mean 5.24, SE 0.097;
F16;=0.005, P=.94), or the exemplar (mean 5.24, SE 0.097)
versus no exemplar (mean 5.24, SE 0.094; F, ,5;=0.001, P=.97).
No significant interactions were found among the experimental
conditions.

Valleet a

For the other health behaviors (Figure 4), the main effect of
exemplar messages on behavioral intentions was in the
hypothesized direction but did not reach statistical significance
(F1,1503=3.026, P=.08). Mean behavioral intention scores were
5.64 (SE 0.031) for those who received exemplar messages and
5.56 (SE 0.030) for those who did not. There were no main
effects of priming or autonomy support. Mean behavioral
intention scores were similar between standard priming (mean
5.63, SE 0.030) and tailored priming conditions (mean 5.57,
SE 0.030; F;1503=2.06, P=.15) and between the autonomy
support (mean 5.59, SE 0.030) and no autonomy support (mean
5.61, SE 0.030; F; 1503=0.223, P=.64) conditions. There were
no significant interactions between any of the experimental
conditions.

Table 3. Engagement and perceptions of the Carolina Health Assessment and Resource Tool (CHART) personalized report and website at follow-up

(tobacco module).

Scale Scale Tobacco, mean (SD)
range Standard Tailored No autonomy  Autonomy No exemplar  Exemplar
priming priming support support (N=202) (N=209)
(N=200) (N=211) (N=213) (N=198)
Perceived message relevance 1-5 358(0.91)  3.64(0.90) 359(0.92) 362(0.90) 359(0.89)  3.62(0.93)
Perceived informativeness 1-5 369(0.88)  374(0.97) 372(091) 371(0.94)  371(0.95  3.73(0.91)
Perceived quality 1-5 363(0.87)  3.63(0.92) 364(090) 362(0.88)  3.63(0.88)  3.63(0.90)
Perceived trustworthiness 1-5 394(0.85)  4.01(0.89) 397(091) 3.99(0.82)  3.93(0.89)  4.02(0.85)
Perceived attractiveness 1-7 397(1.66) 389(L76)  3.80(L74)  406(168)  3.95(L71)  3.91(172)
Perceived message effectiveness 1-4 2.73(0.63)  2.77(0.65)  274(062) 275(0.65  2.72(0.66) 2.78(0.62)
Perceptions of personal relevance 1-5 369(0.76)  3.70(0.83)  3.66(0.82) 3.73(0.78)  3.68(0.80)  3.71(0.79)
Perceptions of self-assessment and goal  1-5 3.47 (0.91) 3.53(0.93) 3.47 (0.90) 3.54 (0.93) 3.45 (0.91) 3.56 (0.92)
setting
Engagement 1-5 357(0.89) 362(0.96) 358(0.90) 3.62(0.94)  3.48(0.96)  3.72(0.87)
Participation in CHART? 1-5 368(091) 367(0.93) 368(0.89) 367(0.95  357(0.96)  3.78(0.87)

3CHART: Carolina Health Assessment and Resource Tool.
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Table 4. Engagement and perceptions of the Carolina Health Assessment and Resource Tool (CHART) personalized report and website at follow-up

(physical activity, eating behaviors, and weight modules).

Scale Scale Physical activity, eating behaviors, and weight, mean (SD)
range Standard Tailored No autonomy  Autonomy No exemplar  Exemplar
priming priming support support (N=744) (N=715)
(N=744) (N=715) (N=743) (N=716)
Perceived message relevance 1-5 357(0.88) 356(0.92) 359(0.89) 354(0.89) 359(0.89)  3.55(0.92)
Perceived informativeness 15 3.75(0.94) 3.72(0.94) 3.70 (0.96) 3.76 (0.92) 3.73(0.94) 3.74 (0.94)
Perceived quality 1-5 363(0.88) 362(0.90) 361(0.89) 3.64(0.88) 3.63(0.88)  3.61(0.89)
Perceived trustworthiness 15 3.96 (0.85) 3.95 (0.86) 3.96 (0.88) 3.95(0.83) 3.93(0.88) 3.97(0.83)
Perceived attractiveness 1-7 3.89(1.69) 389(168)  393(L70) 3.85(L67) 3.90(L72)  3.88(L72)
Perceived message effectiveness 1-4 283(061) 281(062)  282(062)  282(061) 281(062  2.83(0.62)
Perceptions of personal relevance 1-5 364(0.81) 365(0.84) 364(0.83) 366(0.82) 3.67(0.80)  3.62(0.85)
Perpepti ons of self-assessment and goa  1-5 3.54(0.89) 3.55(0.89) 3.52(0.89) 3.57(0.90) 3.57(0.86) 3.52(0.93)
setting
Engagement 15 3.65(0.89) 3.63(0.88) 3.64 (0.88) 3.64 (0.90) 3.65 (0.89) 3.63(0.89)
Participation in CHART? 1-5 363(0.96) 367(0.93) 365(093) 365(0.97) 3.66(0.95)  3.63(0.95)
8CHART: Carolina Health Assessment and Resource Tool.
Effectson User Engagement and M essage Perceptions  Discussion

Tables 3 and 4 show the mean scores rel ated to engagement and
perceptions of the personalized report and CHART website by
main effects of the experimental conditions. Overal, participants
reported positive perceptions of the tailored feedback reports
and CHART website. Mean ratings of the personalized report
regarding perceived message relevance, informativeness,
message quality, and trustworthiness (1=strongly disagree to
5=strongly agree) ranged from 3.58 (SD 0.91) to 4.02 (SD 0.85)
for the tobacco module (Table 3) and from 3.54 (SD 0.89) to
397 (SD 0.83) for the nontobacco modules (Table 4).
Participants across both the tobacco-related and nontobacco
modules reported average scores for attractiveness of the
personalized reports (1=very much to 7=not at all), ranging
from 3.80 (SD 1.74) to 4.06 (SD 1.68) and 3.85 (SD 1.67) to
3.93 (SD 1.70), respectively.

Message effectiveness of personalized reports (1=definitely no
to 4=definitely yes) was rated more positively for both the
tobacco module and other behaviors. Evaluations of the overall
CHART website (1=strongly disagree to 5=strongly agree)
were generally positive across al three subscales (persona
relevance, perceptions of self-assessment and goal setting, and
engagement). Scores ranged from 3.45 (SD 0.91) to 3.78 (SD
0.87) for the tobacco modules (Table 3) and 3.52 (SD 0.93) to
3.67 (SD 0.80) for the nontobacco modules (Table 4).
Satisfaction ratings regarding participation in CHART fell
between good to very good across all modules. There were no
significant differences in engagement and perceptions among
groups.

https://www.jmir.org/2018/3/e63/

Principal Findings

Findings from this randomized factorial experiment showed
that tailored priming before presentation of atailored feedback
report, with use of an exemplar to model smoking cessation
behavior, produced the largest effect on self-efficacy in the
tobacco module. For the other three modules (PA, eating habits,
and weight), self-efficacy was highest among those who received
standard priming of the feedback and messages offering both
autonomy support and an exemplar. M essagesfeaturing tailored
expectancy priming, autonomy support, or exemplars did not
improve behavioral intentions to engage in healthy behaviors
or result in differencesin engagement and message perceptions.
These empirical findings on various theory-driven messages
delivered in response to an online health risk assessment
contribute to the relatively sparse literature guiding the optimal
presentation of onlinetailored feedback to individuals. Overall,
results of this study suggest that using exemplars in tailored
feedback messages has the potential to improve self-efficacy
in the early phases of behavior change interventions.
Furthermore, the addition of standard priming messages before
presentation of feedback, along with autonomy supportive
messages, could hel p optimize message effects on self-efficacy.

Comparison With Prior Work
Sdlf-Efficacy

Exemplars

In this study, using an exemplar showed potential for improving
self-efficacy across all of the behaviors (tobacco, PA, eating
habits, and weight management). Among participants in the
tobacco module, messages with exemplars produced the highest
self-efficacy scores. Strecher et al [36] previously demonstrated
that high-depth tailored (ie, tailored to severa characteristics
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beyond name and gender) success stories delivered through a
Web-based smoking cessation program were effective for
improving smoking abstinence at 6 months. Similarly, Sarge
and Knobloch-Westerwick [56] showed that using exemplars
in an online health article that modeled successful weight loss
behavior improved weight |oss self-efficacy. The positive effects
on self-efficacy observed among those receiving exemplar
messages are consistent with SCT and strategies such as
observational learning, vicarious experience, and verbal
persuasion that are theorized to promote self-efficacy [32,34,35].
Expectancy Priming

Interestingly, the highest self-efficacy scoresamong participants
in the tobacco module were observed in those who received
exemplar messages along with tailored priming, whereas the
next highest were among those receiving exemplar messages
with standard priming and autonomy supportive messages.
Likewise, for the other health behavior modules (PA, eating
habits, and weight), messages that included standard priming
with autonomy supportive and exemplar messages resulted in
the highest self-efficacy scores. The potentially positive effects
of priming are consistent with work by Webb et a [19], which
showed that pretreatment expectancy priming (both standard
and tailored) of smoking cessation materials resulted in
improvementsin readinessto quit smoking and smoking-rel ated
knowledge, although not self-efficacy. Another study showed
that patients who were primed with physician advice before
receiving printed health education materials were more likely
than those who did not receive physician advice, to report
changesin diet and PA and attempt to quit smoking [57]. Our
findings suggest that the inclusion of expectancy priming, such
asmaking it clear that amessage is personally tailored for that
individual, before delivery of personalized feedback may
improve the effects of tailored messagesin the context of online
health risk assessment tools.

Autonomy Support

The interaction between the effects of standard priming and
autonomy supportive messages on self-efficacy (ie, the effect
of autonomy support was higher in the standard priming
condition) demonstrates potential for further study. It isunclear
why self-efficacy would be higher among those receiving the
standard priming and autonomy supportive messages. It is
possible that the standard priming influenced individuas
positive expectancies related to standard health messages, and
viewing subsequent autonomy supportive messages matched
expectations that the feedback report would be more general in
nature, asthe messages offered various options and encouraged
individualsto reflect ontheir own preferences. Previousresearch
has shown that among participants receiving three tailored
newsl etters aimed at improving autonomous motivation, those
who preferred and received more autonomy supportive
communication increased their fruit and vegetable intake rel ative
to those who received tailored newsletters not focused on
autonomous motivation [12]. Few research studies have
examined the effectiveness of tailoring online health
communication messages based on individuas need or
preference for autonomy [58]. Future work examining the
mechanisms of interaction between expectancy priming and
messages using either autonomy supportive or exemplar

https://www.jmir.org/2018/3/e63/
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messages appear warranted. In particular, identifying and
assessing preferencesfor autonomy supportive communication,
or more narrative forms that include behaviora models, may
help improve the development of more personally relevant
messaging in taillored feedback communications. Given the
scarcity of research that has evaluated online health
communications that tailor message framing to match an
individuals' need for autonomy and other information processing
styles[58], thereisaneed to further elucidate the effectiveness
of tailoring messages based on autonomy supportive preferences.
Studies that examine the effects of tailoring on need for
autonomy alone or in combination with other psychosocial
constructs could advance our understanding of the potential to
improve the effectiveness of online health communications that
aretailored to individuals' information processing preferences.

Behavioral I ntentions

Although we expected to observe improvements in behavioral
intentions asaresult of the various message enhancements, this
was not borne out in our findings. In the nontobacco modules
(PA, eating habits, and weight), there was anonsignificant trend
for messages with exemplars to improve behavioral intentions
to engage in the behaviors. This lack of effect on behavioral
intentions is similar to findings from other message testing
studiesthat have sought to improveintentionsfor various health
behaviors using a one-time delivery of targeted or framed
messages[59-61]. In the context of acomputer-tailored nutrition
intervention, Oenema et a [62] showed that the tailored
intervention improved intentions to change vegetable
consumption relative to generic nutrition information and
no-information control groups. This effect was mediated by
perceived message relevance and perceived individualization.
Given that the existing CHART messageswere already tailored
toindividuals' current behaviors and other psychosocial factors
and aimed at improving behavioral intentions, it is possible
there was a ceiling effect with little room for improvement
beyond that produced by existing messages. Furthermore, the
nonsignificant differences in behavioral intentions may be
attributed to the lack of differences in perceived message
relevance among the three message factors. Although behavioral
intentions is a common construct in health behavior theories,
studies highlight the gap between behaviora intention and
subsequent behavior [63] and have shown that people's
expectations about what they will do are more predictive of
subsequent behavior than their intentions [64]. Future studies
of the effectiveness of tailored feedback messages might
consider alternative outcome measures that have demonstrated
better predictive validity of behavior, such as expectations, and
examine the effects of multiple or frequent feedback reports
delivered over time.

User Engagement and Message Perceptions

The comparability across the message factors with respect to
perceptions and engagement with the personalized reports and
CHART website suggests that the message conditions were
equally appealing, relevant, and engaging. Previous studies have
found that a variety of message perceptions (eg, relevance,
persuasiveness, importance, and helpfulness) have mediated
the relationship between tailored messaging and behaviors or

JMed Internet Res 2018 | val. 20 | iss. 3 [e63 | p.49
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

behavioral intentions [38-40,62,65]. For example, perceived
message relevance has been shown to be a mediator of the
positive effects of tailored messaging on fruit and vegetable
intake [38,39], vegetable intake intentions [62], and breast
screening intentions [40], indicating the existence of significant
relationships between the tailored materials and perceived
message relevance.

In this study, we did not find such associations between the
tailoring enhancements and message perceptions. Given that
all experimental conditions provided tailored feedback messages,
it is not surprising that there was little variation in perceptions
and user engagement among the message factors. Therelatively
dlight differences in phrasing of messages may not have been
sufficient to influence various message perceptions as overall
content and suggestions for making healthy behavior changes
were consistent across conditions. The ratings for engagement
with and perceptions of the CHART website indicate that
participants found the overall health assessment website with
feedback to be engaging and personally relevant. Participant
ratings in this study were comparable with findings on
self-reported engagement in a study that compared the effects
of Internet-delivered assessment with and without tailored
feedback versus generic information on self-management of
bowel problems[55]. A recent systematic review provided an
integrative definition of engagement with online behavior
change interventions, which incorporates both subjective
experiences and extent of usage, and offered a conceptual
framework to guide measurement and evaluation of the
rel ati onship between engagement and intervention effectiveness
[16]. Future research on tailored personalized feedback could
incorporate both subjective and objective measurements of
engagement to identify specific dimensions of engagement that
have agreater influence on the effectiveness of health messages.
Further elucidation of whether engagement may mediate or
moderate the rel ationship between tailored feedback messages
and intended behavioral outcomes is necessary.

Limitations

Whilethis study used an innovative strategy and factorial design
to efficiently identify the most impactful message conditions
to optimize tailored feedback reports, several limitations should
be considered. Parti cipants compl eted the pre- and postfeedback
assessments during a single occasion, so the persistence of
findings over time is unknown.

Although improving self-efficacy for behavior change and
behavioral intentions may require more than a onetime
administration of ahealth risk assessment with tail ored feedback,
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our study was an experiment designed to test the effects of
different message features on psychosocial factors and not an
intervention for behavior change. Our findings may have
implications for creating more impactful messages within the
context of behavior change interventions. The sample recruited
through MTurk was relatively homogeneous with respect to
age, race, ethnicity, and education, which limits generalizability
of our findings to a more diverse population. However, this
recruitment approach facilitated rapid and efficient testing of
multiple message conditions over a short period of time, and
resultsare useful for generating hypothesesto betestedin future
alternate populations that are harder and most costly to recruit.
As al measures and outcomes were self-reported, over- or
underreporting and responses influenced by social desirability
may have biased our results, though presumably randomization
would have evenly distributed any biased reporting across
conditions.

Another limitation was the lack of an experimental condition
without priming. Although this precluded us from evaluating
the effects of any priming (whether standard or tailored)
compared with none, we observed an interesting interaction
effect, whereby combining standard priming with autonomy
supportive messages resulted in higher self-efficacy scores.
Finally, we observed relatively small effects of the message
manipulations on our outcomes of interest. To minimize
participant burden, we opted to use a single-item to assess
self-efficacy, a limitation that may have led to insufficient
variance to examine group differences. Although participants
mean intentions and sel f-efficacy scoreswererelatively high at
baseline, which possibly resulted in a ceiling effect and
diminished our ability to observe associations, the large sample
size was adequately powered to detect some differential effects
among the message conditions.

Conclusions

Overdl, our study findings among MTurk workers suggest
message characteristics that have the potential to enhance
message impact on self-efficacy. In the context of an online
health behavior assessment tool, the use of exemplarsto convey
tailored feedback may help promote improvements in
self-efficacy related to tobacco cessation, PA, eating habits, and
weight control. As findings among MTurk workers may not
generalize to others who are seeking behavioral interventions,
further eval uation of whether exemplars, priming, and autonomy
supportive messages can enhancetheimpact of tail ored feedback
on cancer prevention—related behaviors among other populations
is warranted.
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Abstract

Background: Regular testing for sexually transmitted infections (STIs) is important to maintain sexual health. Self-sampling
kits ordered online and delivered in the post may increase access, convenience, and cost-effectiveness. Sexual health economies
may target limited resources more effectively by signposting userstoward Web-based or face-to-face services according to clinical
need.

Objective: The aim of this paper was to investigate the impact of two interventions on testing activity across a whole sexual
health economy: (1) the introduction of open access Web-based STI testing services and (2) aclinic policy of triage and signpost
online where users without symptoms who attended clinics for ST testing were supported to access the Web-based service
instead.

Methods: Dataon attendances at al specialist public sexual health providersin aninner-London areawere collated into asingle
database. Each record included information on user demographics, servicetype accessed, and clinical activity provided, including
test results. Clinical activity was categorized asasimple STI test (could be donein aclinic or onling), acomplex visit (requiring
face-to-face consultation), or other.

Results: Introduction of Web-based services increased total testing activity across the whole sexual health economy by 18.47%
(from 36,373 to 43,091 in the same 6-month period—2014-2015 and 2015-2016), suggesting unmet need for testing in the area.
Triage and signposting shifted activity out of the clinic onto the Web-based service, with simple ST testing in the clinic decreasing
from 16.90% (920/5443) to 12.25% (511/4172) of total activity, P<.001, and complex activity in the clinic increasing from 69.15%
(3764/5443) to 74.86% (3123/4172) of total activity, P<.001. This intervention created a new population of online users with
different demographic and clinical profiles from those who use Web-based services spontaneously. Some triage and signposted
users (29.62%, 375/1266) did not complete the Web-based testing process, suggesting the potential for missed diagnoses.
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Conclusions: This evaluation shows that users can effectively be transitioned from face-to-face to Web-based services and that
this introduces a new population to Web-based service use and changes the focus of clinic-based activity. Further devel opment
is underway to optimize the triage and signposting process to support test completion.

(J Med Internet Res 2018;20(3):e74) doi:10.2196/jmir.8101

KEYWORDS
sexually transmitted diseases; testing; internet; self-sampling

Introduction

Regular testing for sexually transmitted infections (STIs) with
rapid treatment and partner notification areimportant strategies
to improve and maintain sexual health [1]. Testing for
chlamydia, gonorrhea, HIV, and syphilis is traditionally
delivered within sexual health clinics, but Web-based testing
isincreasingly part of the sexual health economy [2-5]. This
reflects the English National Health Service (NHS) strategy on
digital careto meet expanding health care demand within limited
resources [6,7].

Web-based STI testing services may provide self-tests where
users both collect samples and read the results, or self-sampling
where users collect samples that are sent to the laboratory for
processing [8]. They offer 24-hour accessto testing without the
need to visit a clinic and may facilitate effective use of clinic
services by shifting simpletesting (testing with no other clinical
activity required) online and freeing clinic capacity for complex
care [9]. Although there is increasing availability of
internet-based ordering of ST testsin devel oped countries, such
servicesare highly heterogeneous: some are targeted to specific
risk groups (based on age, ethnicity, or sexual orientation), test
for asingleinfection [10], may befully integrated with existing
health services[11] or completely independent. A randomized
controlled trial in France reported an increase in testing uptake
(29.2% in the intervention group vs 8.7% in the control group,
risk ratio: 3.37, 95% CI 3.05-3.74) [12]. However, outcomes
were assessed using different measuresin the intervention and
control group, and therewas|ow follow-up [12]. One US study
found that internet-based testing could facilitate testing of
high-risk individuals who were not accessing clinic-based
services[13].

This paper evaluates the impact of Web-based self-sampling
services within a sexual health economy within the London
Boroughs of Lambeth and Southwark, an inner London area,
with high rates of sexual ill health [14]. Unmet need was present
before the introduction of an Web-based service, with 17,000
people having turned away from al sexual health servicesin
the area annually (local clinic data) because of insufficient
clinical capacity to meet demand. The Web-based service
(SH:24 [15]) in this area provides free access to testing for
chlamydia, gonorrhea, HIV, and syphilis for users older than
16 years with no restrictions based on gender or sexual
orientation. Users complete an order form with self-sampling
kits delivered home. Test kits are tailored to gender and
sexuality. They include written information and link to avideo
that explains the self-sampling process. Participants can text or
request a call-back for questions or concerns. Nonreturners are
sent remindersviaan SM Stext message (short message service,

https://www.jmir.org/2018/3/e74/

SMS) and additional test kits if required. Results are sent by
SM Stext message except HIV resctiveresultsthat are delivered
by telephone. At the time of this study, all those with positive
results are referred into clinics for treatment and partner
notification and managed according to national guidelines.
Notification (by SM Stext message) and management (treatment
and partner notification) of patients identified through online
self-sampling is the same as for asymptomatic patients tested
inthe clinic.

This paper documents STI testing before and after the
introduction of online self-sampling services available to those
aged 16 years or above and resident in the area. It documents
the impact of a subsequent change in policy a one
clinic—Camberwell Sexual Health Service, a large service
providing both contraception and diagnosis and management
of STls. The change in policy was designed to facilitate the
transition of simple STI testing from the clinic to the online
service. Thisis an emerging strategy, developed in response to
the online service. The new clinic policy introduced a triage
process managed by clinical support workerswho assess clinical
need and redirect asymptomatic users requesting STI testing
alone to order their tests via the online service using tablets
availableintheclinic. After online ordering, clinic staff prepare
the self-sampling packs immediately for users to take away.
Users then follow the online self-sampling process described
above. The policy is designed to release capacity within the
clinical service and use this for the management of complex
clinical need. It is also intended to change future user behavior
so that the online service becomes a first choice for future
testing. The evaluation presented here analyses the impact of
these service devel opments on sexual health activity acrossthe
whole sexua health system.

Theaim of thisobservational study wasto investigate the effect
of thereadl life resource allocation decisions made within clinics
following the establishment of an effective online service. This
will inform policy makersand commissioners about the potential
impact of changes to service capacity and delivery.

Methods

Data Sources and Preparation

Records of clinic visits for all sexual health attendancesin the
London Boroughs of Lambeth and Southwark were collated
from January 1, 2014 to September 31, 2016 from all sexual
health service providers: genitourinary medicine (GUM) clinics,
integrated clinics, community sexual and reproductive health
clinics, and the online service. This covered a baseline period
where there were no major changes to sexual health service
provision, followed by implementation of online STI testing,
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and then changes in clinic practice resulting from availability
of the new service (Figure 1).

All recordswere anonymized to remove identifiable information
and harmonized to generate a complete dataset of individual
level clinic attendances (one record, per person, per day). Each
record includes demographic information: unique user
identification number, gender, age at visit, site of visit, ethnicity,
area of residence (lower super output area code), sexual
orientation, and clinical information (first or follow-up visits
and up to 12 sexual health, six reproductive health, and five
contraception method codesfor clinic activity). Individual level
clinic attendance data were collated and summarized as ssimple
STI test performed (chlamydia, gonorrhea, HIV, and syphilis)
or complex servicerequired. Areaof residence was summarized
as Lambeth, Southwark, adjacent boroughs, other London, or
out of London. We considered the impact of the changes on
Lambeth and Southwark residents only as access to the online
service was restricted to this group. Clinic activity was coded
using the GUM clinic activity dataset version 2 codes
(MultimediaAppendix 1), assigned by cliniciansduring or after
the consultation. For clinic users, we assumed that symptoms
were present if microscopy was recorded as an activity. Online
userswere directly asked aquestion about presence of symptoms
by the online registration system, with advice to go to aclinic
if symptomswere present. Thisquestion wasworded asfollows:

Are you showing any symptoms of a sexually
transmitted infections? If you have symptoms, we
advise that you go to a clinic. You can find more
information about your local clinic here. You can find
out more information on symptoms of sexually
transmitted infections here. (additional information
screen appears on click).

Exclusion Criteria

Records were excluded from analysis if there were no codes
associated with the clinic visit, or if individuals were prisoners,
or younger than 16 years, or 100 years and older.

Turner et al

Definition of Attendance Types and Positivity

Individual level clinic activity data were collated and
summarized as “simple STI test” (chlamydia, gonorrhea, HIV,
and syphilis) or “complex visit” (Multimedia Appendix 1). By
definition, all Web activity wasasimple STI test. Weidentified
both attendances where asimple STI test was provided, aswell
as the subset of attendances where only a simple STI test was
provided. A complex visit could be defined as an examination
or physical intervention being recorded (eg, surgical,
vaccination, or gynecological) or the patient was symptomatic.

The positivity was caculated as the number of positive
diagnoses or total test records, both for all simple STI testsand
for each of the four infections (gonorrhea, chlamydia, HIV, and
syphilis) separately; further details of the calculation of
positivity are given in Multimedia Appendix 1, equation 1.

Ethics

Ethical approval was obtained from the NRES Committee North
of Scotland—Grampian (Ref 15/NS/0031).

Data Analysis

The overal pattern of STl testing across Lambeth and
Southwark across all sexua health providers from January 1,
2014 to September 30, 2016 was analyzed. Linear regression
was used to test for trend in testing volume at Camberwell
Sexual Health Centre up to June 30, 2016. The complexity of
clinic activity provided to Lambeth and Southwark residents at
Camberwell Sexual Health Centrein 2016 during quarter 2 (Q2)
was compared with that during quarter 3 (Q3). The triage and
signposting service was introduced at the start of Q3. Changes
in pattern of clinic attendance between the quarters were
analyzed using a chi-square test. Test compl etion and positivity
were evaluated for those who used the triage and signposting
pathway. Populations who used the triage and signposting
pathway in Q3 were compared with those residentsin the same
area accessing the Web-based service without signposting or
triage (spontaneous users).

Figure 1. Timeline of sexual health service changes in Southwark and Lambeth from 2014 to 2016.
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Results

Patterns of Sexually Transmitted I nfection Testing in
Southwark and Lambeth Over Time

The overall testing capacity across the whole sexual health
economy remained stable during the 2 years before the
introduction of Web-based testing and is shown in Figure 2.
The addition of online serviceswas associated with an increase
intotal testing acrossthe whole sexua health economy gradually
from itsintroduction in Q2, 2015 to peak activity in Q3, 2016
(Figure 3). In a6-month period before online testing (October
1, 2014 to March 31, 2015), there were a total of 36,673 STI
tests performed within Lambeth and Southwark. In the same
period in 2015-2016, thisincreased by 18.47% to 43,091 tests.
Before the introduction of triage and signposting from January
1, 2014 to June 30, 2016, there was no significant changein the
number of STIs tests each quarter over time in Camberwell
Sexual Health clinic, test for trend P=.97 (Figure 3) .

We compared clinic activity at Camberwell Sexua Health
Service, following the introduction of triage and signposting to
direct asymptomatic usersin the clinic to the Web-based service,
implemented from July 1, 2016 (Table 1). The introduction of
triage and signposting was associated with a decrease in total
activity in the clinic of 23% between Q2 (6946) and Q3 (5362).
Thetotal number of visits by Lambeth and Southwark resident
that included an STI test decreased from 3156/5443 (57.98%
of visits) in Q2 to 2202/4172 (52.78% of visits) in Q3. During
the same period, the proportion of simple STI tests without
additional complex activity decreased from 16.90% (920/5443)
to 12.25% (511/4172; chi-sgquare, P<.001), and the proportion
of complex service activity increased from 69.15% (3764/5443)
to 74.86% (3123/4172; chi-square, P<.001; Figure 3).

Turner et al

Analysis of Sexually Transmitted Infection Testing
Patternsin Quarter 3, 2016 Onlineand in Clinic

In the 3-month period after the introduction of the triage and
signposting service, 2202 users obtained STI testing from
Camberwell Sexua Health Service, 1266 userswere signposted
from this clinic after triage to the Web-based service, and 5362
used the Web-based service spontaneously. In addition, 175
people were triaged from another local sexual health service
(Burrell St Clinic), who were excluded from subsequent
analyses.

The introduction of the Web-based service and the triage and
signposting service resulted in three different groups of service
users (Table 2). For age, gender, and ethnicity, the clinic and
the spontaneous online group showed differences in
composition. The triage and signpost group was intermediate
between the clinic and Web-based groups for age and ethnicity.
For example, young people aged 16 to 19 years formed 8.89%
(201/2261) of the clinic group, 4.55% (194/4262) of the
spontaneous online group, and 6.2% (55/890) of the triage and
signpost group.

The spontaneous Web-based group are most likely to be female:
women formed 59.27% (1340/2261) of theclinic group, 64.43%
(2746/4262) of the spontaneous Web-based group, and 46.7%
(416/890) of triage and signpost group. Men who have sex with
men formed asimilar proportion of men using the clinic (30.4%,
251/825) and spontaneous Web-based (33.3%, 505/1516) but
smaller proportion of triage and signposted (17.7%, 84/474),
potentially reflecting higher probability of symptomaticinfection
or reported high risk behavior in the clinic population.

Both spontaneous Web-based service users and those registering
at the clinic were encouraged to use clinic servicesif they had
symptoms, and this is reflected in our data with 92.59%
(3946/4262) of spontaneous Web-based users and 90.1%
(802/890) of users who were triaged and signposted online
classified as asymptomatic compared with 69.39% (1569/2261)
of clinic users.

Figure 2. Number of simple sexually transmitted infections (STI) tests delivered across the whole sexua health economy, by service provider, by
quarter, from quarter 1 (Q1) 2014 to quarter 3 (Q3) 2016 in Lambeth and Southwark, London.
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Figure 3. Number of simple sexually transmitted infections (STI) tests performed at Camberwell Sexual Health Centre and SH:24 by calendar year

and quarter, quarter 1 (Q1) 2014 to quarter 3 (Q3) 2016.
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Table 1. Changing pattern of activity at Camberwell Sexual Health Service (quarter 2 [Q2] and quarter 3 [Q3] 2016) and Web-based testing.

Description Camberwell SH:24 Web-based service
Q2, N or n (%) Q3, N or n (%) Q2,N Q3N
Total records (1 per person per day) 7662 6245 4439 7717
Included records (age=16 years, <100 years, and no prisoners) 7593 6188 4439 7716
Total visits with any code (all users) 6946 5362 4439 7716
Tota visits (Lambeth and Southwark residents) 5443 4172 4436 7073
Total STI? tests (without complex intervention) 920 (16.90) 511 (12.25) 4436° 7073°
Total complex visits (with and without ST test) 3764 (69.15) 3123 (74.86) 0 0
Subtotal complex visits with STI test 2236 1691 0 0
Subtotal complex visit, no STI test 1528 1432 0 0
Other services used 759 (13.94) 538 (12.95) 0 0

33T1: sexually transmitted infection.
BNumber of test kits sent oui.

The test return rates within 6 weeks of test were higher for the
spontaneous (70.51%, 3871/5632) than the “triage and
signposting” groups (66.98%, 848/1266), which was significant
(P=.01). A supplementary analysis comparing the demography
of individualswho did and did not complete the testing process
is shown in Multimedia Appendix 1. Women were less likely
to complete tests, but otherwise, there were no significant
differences between completers and noncompleters based on
age, ethnicity, or sexual orientation, although the sample size
isrelatively small.

https://www.jmir.org/2018/3/e74/

RenderX

There were differences in positivity for any infection between
the population that was seen in the clinic (7.70%, 174/2261),
the triage and signpost users (6.4%, 57/890), and the
spontaneous online users (4.58%, 195/4262). Patients diagnosed
through Web-based testing were directed to clinics for
management and partner notification in the same way as
asymptomatic patients tested in the clinic. Any patients with
HIV reactivetests are contacted to arrange confirmatory testing
intheclinic.
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Table 2. Characteristics of service users testing for sexually transmitted infections (ST1s) via different pathways, July to September (quarter 3) 2016.
A simple ST test includes chlamydia, gonorrhea, HIV, and syphilis.

Lambeth and Southwark residents (n=11,070) ~ Camberwell Sexual Health SH:24 Web-based service (n=6898)2
Clinic (n=4172)
Spontaneous online (n=5632) Triage and signpost (n=1266)

Tota visits, n 4172 5632 1266
Total tests ordered, n 2202 5632 1266
Returnrate, n N/AP
<2 weeks, n (%) 3186 (56.57) 775 (61.22)
>2 to <6 weeks, n (%) 785 (13.94) 73 (5.77)
>6 weeks, n (%) 293 (5.20) 43 (3.40)
Not returned, n (%) 1368 (24.29) 375 (29.62)
Total tests completed, n 2202 4262 890

Total tests completed plus STI diagnoses®, n 2261 — —
Agegroup, years, n (%)

16-19 201 (8.89) 194 (4.55) 55 (6.2)

20-24 472 (20.88) 1282 (30.08) 205 (23.0)

25-29 508 (22.47) 1605 (37.66) 262 (29.4)

30-34 365 (16.14) 650 (15.25) 146 (16.4)

35+ 715 (31.62) 531 (12.46) 222 (24.9)
Gender, n (%)

Female 1340 (59.27) 2746 (64.43) 416 (46.7)

Male 921 (40.73) 1516 (35.57) 474 (53.3)

Men who have sex with men 251 (27.3) 505 (33.31) 94 (19.8)

Ethnicity, n (%)

White 825 (36.49) 2850 (66.87) 461 (51.8)

Mixed 178 (7.87) 353(8.28) 93(10.4)

Asian 59 (2.61) 107 (2.51) 21 (2.4)

Black or black British 939 (41.53) 768 (18.02) 270(30.3)

Other 208 (9.20) 105 (2.46) 32(3.6)

Missing or prefer not to say 52 (2.30) 79 (1.85) 13(1.5)
Symptoms, n (%)

Asymptomatic 1569 (69.39) 3946 (92.59) 802 (90.1)

Symptomatic 692 (30.61) 316 (7.41) 88 (9.9)
Infection

Positivity, any infection®, n (%) 174 (7.70) 195 (4.58) 57 (6.4)

Chlamydia diagnoses, n 122 166 48

Gonorrhea diagnoses, n 49 23 4

Syphilis diagnoses, n 8 7 6

HIV diagnoses, n 2 4 2

8175 referrals from Burrell St excluded.
ON/A: not applicable.
Swith no test during visit.

dSeparate STI diagnoses do not add up to the total as some individuals were diagnosed with multiple infections. Positivity is only indicated for any
infection, not shown for each separate infection as the number of tests completed was different for each infection.
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Discussion

Principal Findings

The key findings from this evaluation are that availability of
Web-based testing increased the total volume of STI testing
and increased the proportion of clinic visits which utilized a
complex service requiring face-to-face clinical evaluation. Once
established as an effective method of testing, the availability of
Web-based STI testing resulted in a change in clinic policy to
actively signpost clinic attendees to use the Web-based service,
reflecting high trust in the Web-based service, but also high
demands on the clinic services. The majority (70.30%,
890/1266) of clinic userswho were signposted to the Web-based
service successfully completed their test. Almost a third
(29.62%, 375/1266) of clinic attendees did not successfully
complete an ST test.

This evaluation shows that users can effectively be transitioned
from Web-based to face-to-face services and that thisintroduces
a new population to Web-based service use and changes the
focus of clinic-based activity.

Changing patterns of disease and rising user expectations are
increasing demands on health services [7,16]. Supported
self-management is one element of the response and can be
provided through Web-based hedth services. Web-based
self-management services work best when integrated with and
supported by face-to-face care [17]. This creates interfaces
between Web-based and terrestrial servicesthat sustain effective
functioning of these emerging hybrid systems.

Strengthsand Limitations

Effective interaction with health services requires information
and skills. Thisis acknowledged within sexual health services,
with support for new service users such ayoung peopleto build
capabilities for service access [18]. Self-management requires
additional skills, and health services can support their
development [19]. The triage and signposting intervention
facilitated interaction with the Web-based service using
strategies consistent with the literature on behavior
change—making the transition easy, attractive, socialy
acceptable, and timely [20]. Tablets in the clinic and the test
pack availableimmediately made the transition easy. Web-based
services were attractive in that they avoided long waiting times
in the clinic service. They were socially acceptable—with
clinical staff promoting use and timely because they were
offered at a time when users had identified a need for testing
by visiting the clinic. By building capacity to self-manage ST
testing, the service promotes a partnership approach to sexual
health care delivered through the combined efforts of service
providers and users [21,22]. However, nearly athird of those
who were signposted to the Web-based service did not complete
the testing process, and further service optimization isrequired
to support shared decisions about clinic or Web-based service
use that combine user preference, clinical guidance, evidence
of efficient health service utilization, and that draw on avariety
of user experiences. Thiswork isin progresswithin this service
using an agile approach with successive cycles of
build-test-learn to optimize service design.

https://www.jmir.org/2018/3/e74/
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Across the whole sexual health economy, Web-based services
increased total testing activity, suggesting a previously unmet
need. During the study time frame, the testing volume in other
service providers within the Southwark and Lambeth boroughs
remained stable. Across England, there wasasmall increasein
testing year on year (785,34—October 2014 to March 2015,
increasing by 4% to 815,393—October 2015 to March 2016),
whichisin contrast to a 18.47% increase observed in Lambeth
and Southwark. Before the introduction of triage and
signposting, early adopters of Web-based ST1 testing were more
likely to be women, aged 20 to 35 years, and of white ethnicity
[23]. The triage and signposting intervention expanded the
Web-based testing population compared with the group
accessing via Web-based testing spontaneously. The residual
population of clinic userswerethen morelikely to have complex
needs. Over a quarter of users who were signposted to the
website (ordering a test with support in the clinic) did not
complete the self-sampling and return a sample for testing.
Women were less likely to complete the test in this group than
men (Multimedia Appendix 1). A similar proportion of
individual s using the Web-based service spontaneously also did
not complete their tests. Noncompletion of testsfor usersin the
triage and signposting group suggests possibility of missed
diagnoses; however, it isnot possibleto ascertain whether these
individuals were tested in other settings, for example, general
practitioner or remained untested.

Triage and signposting changed patterns of unmet need in the
sexual health economy studied. The continued increasein testing
volume did not saturate during the study period, suggesting a
continued unmet need in this population. The users who were
previously turned away were advised to try another clinic or try
the same clinic at a different time. The triage and signposting
system offers these users a new option.

The intervention responds to two explicit objectives for the
NHS: (1) toincrease efficient use of resourcesand (2) to deliver
user-centered care[7]. The evaluation suggeststhat it ispartially
successful on both counts. By focusing face-to-face clinical
resource on complex need and shifting simple activity to
supported self-management, it improves the efficiency of the
sexual health economy. By building the capacity to use
Web-based services, it offersan additional choicefor STI testing
that is potentially more convenient and more accessible [9,24].

Finally, this evaluation underlines the importance of research
on the interfaces between Web-based and face-to-face services
within the context of awhole sexual health economy. It suggests
that users may be willing and able to move between Web-based
services and clinic-based services with further research needed
on how and why users transition between service modalities.

Implications

This paper reports on an innovative service evaluated in atimely
way to inform service development. The use of routinely
collected data collected offers consistent information on all
attendances at al servicesin the area

This paper evaluates a clinic-led service improvement in a
complex and changing environment rather than a planned
research intervention. Some important questions such as the
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subsequent STI testing behavior of those who did or did not
transition to Web-based services could not be answered with
routinely collected data. We were unable to compare rates of
trestment and partner notification with the routine data; however,
positive patients were managed in the same way following
diagnosis according to relevant clinical guidelines. Some
assumptions such as the use of microscopy as a proxy for
symptomsamong clinic usersare not substantiated. Additionally,
some variables were self-reported in clinic data and could be

Turner et al

missing where online users were required to select gender and
sexual orientation to determine which test kits to send out.

Further research isrequired to investigate the long-term changes
in service use behaviors, for example, the choice of service for
subsequent ST testing, the reasonsthat those signposted online
do not make the transition, improved strategies for triage and
signposting so that those signposted are more likely to shift
online, and the cost effectiveness of the shift in activity for
sexual health economies.
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Abstract

Background: Providing coachesaspart of aweight management program isacommon practice to increase participant engagement
and weight loss success. Understanding coach and participant interactions and how these interactions impact weight |oss success
needs to be further explored for coaching best practices.

Objective: The purpose of this study was to analyze the coach and participant interaction in a 6-month weight loss intervention
administered by Retrofit, a personalized weight management and Web-based disease prevention solution. The study specifically
examined the association between different methods of coach-participant interaction and weight loss and tried to understand the
level of coaching impact on weight loss outcome.

Methods: A retrospective analysis was performed using 1432 participants enrolled from 2011 to 2016 in the Retrofit weight
loss program. Participants were males and females aged 18 years or older with a baseline body mass index of =25 kg/m?, who
also provided at | east one weight measurement beyond baseline. First, adetailed analysis of different coach-participant interaction
was performed using both intent-to-treat and completer populations. Next, a multiple regression analysis was performed using
all measures associated with coach-participant interactionsinvolving expert coaching sessions, live weekly expert-led Web-based
classes, and electronic messaging and feedback. Finally, 3 significant predictors (P<.001) were analyzed in depth to reveal the
impact on weight loss outcome.

Results: Participants in the Retrofit weight loss program lost a mean 5.14% (SE 0.14) of their baseline weight, with 44% (SE

0.01) of participants losing at least 5% of their baseline weight. Multiple regression model (R?=.158, P<.001) identified the
following top 3 measures as significant predictors of weight loss at 6 months. expert coaching session attendance (P<.001), live
weekly Web-based class attendance (P<.001), and food log feedback days per week (P<.001). Attending 80% of expert coaching
sessions, attending 60% of live weekly Web-based classes, and receiving a minimum of 1 food log feedback day per week were
associated with clinically significant weight loss.

Conclusions: Participant’s one-on-one expert coaching session attendance, live weekly expert-led interactive Web-based class
attendance, and the number of food log feedback days per week from expert coach were significant predictors of weight lossin
a 6-month intervention.

(J Med Internet Res 2018;20(3):€92) doi:10.2196/jmir.9738

KEYWORDS
body mass index; coaching; feedback; obesity; overweight; weight loss; weight reduction program

preventable diseaseis considered the driver of rising health care
costs, and the annual direct and indirect health care costs have

Worldwide, 1.9 billion adults are classified asbeing overweight  "Sen to $1.42 trillion [2].
or obese with the United States leading the globe [1,2]. This
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In 2014, the direct medical costs of health conditions caused
by overweight and obesity amounted to US $427.8 billion [2].
Indirect costs, such as absenteeism or loss of productivity due
to disease, totaled US $988.8 hillion [2]. With 70.7% of US
adults being overweight or obese, employers spend an additional
US $4000 more per year on an employee with obesity than on
a healthy weight empl oyee through costsrelated to health care,
productivity, and job absenteeism [3-5]. According to the 2017
Employer Health Benefits Survey, 85% of employers provide
health and wellness programs to prevent and manage chronic
diseases[6]. Employer-sponsored weight management programs
come in a variety of packages, including self-guided, group
coaching, and individualized coaching related to activity,
nutrition, and behavior change [7-11].

Weight management programs offering coaches to support
participants have been shown to be more effective in participant
engagement and weight loss success [7-9]. Females are more
successful with weight loss programs that include direct and
protocol-driven coaching around diet, physical activity, and
engagement, whereas males tend to underuse coaches [12,13].
However, both males and females do benefit from coaches to
increase engagement and weight loss success [9,12,13].

Offering education around behavior change and accountability
for adherence of implementing information learned is one
benefit of providing coacheswith weight management programs.
Face-to-face coaching sessionswith weekly email contact from
acoach was successful in helping participantslose at least 10%
of initial body weight [14]. Alternatively, offering weekly email
behavior coaching and monthly individualized coaching
telephone calls has also shown to improve adherence to
health-related strategies, decrease health risk factors, and
improve weight loss [15-17]. In addition to individualized
coaching, weekly behaviora change lessons, weekly
individualized self-monitoring feedback, and an Web-based
community group have also been shown to increase likelihood
of achieving 5% weight loss in 6 months, 10% weight loss in
12 months, and maintenance of weight loss over 2 years
[11,18,19].

Self-monitoring is important in achieving greater weight loss
[20]. Coach-provided individualized feedback around
self-monitoring increases consistency in both men and women
[20]. Personalization provesto be more effective than automated
emails providing general health information or tips specifically
around nutrition and behavior [21-24].

The purpose of this study was to analyze the participant and
coach interaction in a 6-month weight loss intervention
administered by Retrofit (see Multimedia Appendix 1), a
personalized weight management and Web-based disease
prevention solution. The interactions were evaluated for their
association with weight loss to determine the level of impact
on predicting weight loss outcomes. Additionally, each type of
interaction was eval uated independently to assessthe association
between the interaction and weight loss to determine best
practices for expert coaches.

http://www.jmir.org/2018/3/e92/
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Methods

Study Design

A retrospective analysis was performed to assess the impact of
expert coaching during a 6-month weight lossintervention using
deidentified datafrom the Retrofit weight loss program. Various
measures were designed to quantify coach-participant
interactions involving one-on-one expert coaching sessions,
live weekly expert-led interactive Web-based classes, food and
exercise log feedback, and electronic messages. All measures
wereincluded in amultipleregression analysisto predict weight
loss during the intervention. Finally, 3 statistically significant
(P<.001) expert coaching measures were analyzed in depth to
understand the impact on weight loss outcome at 6 months.
Western Institutional Review Board granted exemption to the
study as it is a retrospective analysis with no identifiable
protected health information.

Participants

Participantsincluded paying customers of the Retrofit program
who enrolled through an employer-sponsored program.
Employers of participants had selected Retrofit as a subsidized
weight management program for employees as part of their
employer health benefits package. Customers were considered
aseligible participantsif they were at least 18 years of age; had
astarting body massindex (BMI) of = 25 kg/m?; had signed up
for the program between September 27, 2011, and December
31, 2016; and had provided at least 1 weight measurement
beyond baseline measurement. A participant was considered to
have completed the program if he or she provided a weight
measurement at the 6th month of his or her program. A total
1432 customers satisfied all inclusion criteria to be study
participants, and 1045 of the participants compl eted the program.
No customer was removed or eliminated from the population
due to alack of weight loss in the program.

Program

The Retrofit weight loss program was designed with a 6-month
weight loss phase with the option to continue into amaintenance
program caled Retrofit Next. The program (Multimedia
Appendix 2) includes one-on-one expert coaching, unlimited
coach interactions through electronic messaging, lifestyle
patterns assessment, and personalized coaching content and
plan. Expert coaches perform weekly reviews of participants
plan and self-monitoring datato provide personalized feedback.
Participants have access to an expert-moderated Web-based
community and are encouraged to attend live weekly expert-led
interactive Web-based classes regarding topics of exercise,
nutrition, and mind-set. Digital tools, including a mobile app,
Web-based dashboard, activity tracker, and Wi-Fi scale, are
provided for tracking behaviors related to weight, food, mood,
steps, and exercise.

As part of the Retrofit weight loss protocol, al participants are
offered 7 one-on-one expert coaching sessions, including an
initial 60-min session and 30-min follow-up sessions. Coaching
sessions were conducted via Web-based video call or mobile
phone. All coaching sessions include education around the
Retrofit philosophy and weight loss guiding principles associated
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with nutrition, mind-set, exercise, and daily activities. In
addition, each coaching session was used for coach-participant
collaboration on current and desired health-related behaviors,
goal setting to create individualized plans and strategies, and
to come to an agreement on how the expert coach will hold the
participant accountable to agreed-upon plans and strategies.

Participants were encouraged to weigh in, wear their activity
tracker, log all food and beverages consumed, and communicate
daily with their expert coach and in the Web-based community.
Retrofit protocol required expert coaches to review a
participant’s food and exerciselogs, step data, weight data, and
progress toward plan goals a minimum of 1 time per week to
provide personalized feedback. If a participant initiated a
coaching conversation, the expert coach was required to respond
within 24 hours.

Retrofit expert coaches were employed professionals with a
master’s or doctorate-level education in dietetics or nutritional
sciences, exercise physiology, nursing, health education,
counseling, or psychology. Expert coaches were certified in
Retrofit's weight loss protocol and have completed yearly
recertification, if applicable.

Measures

Weight

Participants were provided a Wi-Fi-enabled scale that securely
transmitted weight data over the Internet to a Retrofit central
data server. Participants weight data were collected through
the use of the provided wirel ess scal e (92% of recorded weights)
or self-reported entry (8%). Self-reported entry was permissible
if a participant had difficulty setting up his or her Wi-Fi scale.
Baseline weight was considered asthe first wel ght measurement
received from the participant, which was designated as the

recording for week 1. Percentage of baseline weight lost at 6
months was cal culated and used as the primary outcome.

Expert Coaching Sessions

Participants were provided 7 one-on-one expert coaching
ons over the 6-month weight loss program. Percentage of
coaching sessions attended at 6 months was calculated to
quantify participant's engagement with their coach and used as
one of the primary metrics to indicate coaching impact on
participant outcome. A secondary metric was calculated to
measure the total time a participant spent in coaching sessions.

Live Weekly Expert-Led I nteractive Web-Based Classes

Participants were provided 26 weekly Web-based classes (1
class per week) where an expert coach conducted a live
Web-based class on a predetermined topic. Percentage of classes
attended at 6 months was calculated to quantify participants
interest in gaining in-depth knowledge on a healthy lifestyle
and weight management practices. A secondary metric was
calculated to capture thetotal time aparticipant spent in weekly
Web-based classes.

Coach-Participant Conversations

The total number of coach-participant conversations was
calculated by counting al electronic messages including
coach-initiated  conversations, coach  responses to
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participant-initiated conversations, and coach feedback on food
or exercise logs. The tota number of coach-participant
conversation days was calculated by including all days when
an expert coach sent at least 1 electronic message. The average
conversation length per week was calculated by counting the
average of total length of all el ectronic messages (in characters)
sent in aweek.

To evaluate the impact of food log feedback on weight loss
outcome, we calculated severa measures to capture
coach-initiated electronic feedback messages that include
evaluation and guidance in response to participants' food logs.
Total number of food log feedback countsall food log feedback
provided by coach, which are defined as an expert coach
comment written directly on a participant’sindividual food log
or weekly diary of food log entries entered through digital tools
provided. The total number of food log feedback days was
calculated by counting all dayswith at least 1 food log—elated
feedback from the expert coach. The average food |og feedback
length per week was measured by averaging the total length of
all feedback messages (in characters) provided in a week.
Similar to food log feedback, 3 measures for exercise log
feedback were also calculated.

Finally, 3 measures were defined to measure participant
engagement with coach. Similar to expert coach—initiated
electronic message measures, the total number of
participant-initiated electronic messages, the total number of
participant-initiated electronic message days, and the average
participant-initiated electronic message lengths per week were
calculated.

Statistical Analysis

All measures associated with coach-participant interactions
involving expert coaching sessions, weekly Web-based classes,
and electronic messaging and feedback were included in a
multiple regression analysis to predict weight loss during the
6-month intervention. The least informative covariates were
successively removed from the model in a stepwise elimination
procedure based on the Akaike information criterion [25]. The
regression model included only the main effects; interactions
were beyond the scope of this analysis. In addition, this study
focused on analyzing 3 datigtically significant (P<.001)
coaching interactions that were determined to be significant
predictorsin aweight loss model.

Dataanayseswere performed using R version 3.2.3[26], which
included dplyr 0.4.3, ggplot2 2.1.0, data.table 1.9.6, and leaps
2.9 packages. We also conducted t tests of equal variance on
continuous variables at baseline and subsequent time pointsfor
2 group comparisons. One-way analysis of variance (ANOVA)
was utilized to determine mean differences for greater than 2
group comparisons. Subsequent Tukey tests were conducted to
determine mean differences. Chi-square analyses were
performed to determine differences among categorical variables
when appropriate. For intent-to-treat (ITT) analyses, we used
alast observation carried forward imputation approach. Alpha
was set at .05 for al statistical tests to determine statistical
significance.
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Results

The reported results are based on the retrospective analysis
evaluating the effect of various coach-participant interactions
during the Retrofit 6-month weight loss intervention using both
the ITT (N=1432) and the completer (n=1045 participants)
populations. First, a detalled analysis on different
coach-participant interaction measuresis provided to understand
both coach and participant behavior over a6-month weight loss
intervention. Second, a multiple regression model is presented
to capture interaction measures that significantly impact
participant outcome at 6 months, and finally, an in-depth
analysisis provided for the top 3 significant measures.

Baseline Characteristics

Table 1 showsthe demographic details at baseline for both ITT
and completer populations. Although not clinically meaningful,
the compl eters had higher average age compared with the overall
population (45.73 vs 44.39, P=.001). Although there are
differences in starting weight between completer and
noncompleter groups, there are no differencesin BMI at basdline
between both populations. Furthermore, there are no differences
in the male and femae distribution among the ITT and
completer groups (females: 61% vs 63%, P=.33).

Weight Change at 6 Months

For ITT population, the average weight loss at 6 months was
5.14% (SE 0.12), and 44% of the participants lost 5% or more

Table 1. Baseline demographics and outcome at 6 months.

Painter et al

of their baseline weight (see Table 2). For completers, the
averageweight loss at 6 monthswas 6.15% (SE 0.17), and 54%
of the participantslost 5% or more of their baseline weight. For
both ITT and completers, there were no significant differences
between males and females in terms of weight loss percentage
or the percentage losing 5% or more weight at 6 months.

Under standing Coach-Participant Interaction

The detailed quantitative analysis of the interaction between
expert coach and participant is presented in Table 3. In general,
completers had more interaction with coaches than the ITT
population. The higher percentage of attendance or higher
amount of interaction of the completers could be due to length
of time actively participating in the weight loss program. Note
that the average time in program for the noncompleters was
about 3 months (mean 92.45 days, SE 2.20). In our analysis of
the participant behavior below, we will focus on the ITT
population.

Participants attended 75% of the one-on-one expert coaching
sessions. Females attended higher percentage of coaching
sessions than males (78.37% vs 70.72%, P<.001). Participants
attended about 41% of the weekly Web-based classes. Thereis
a gender difference observed in weekly Web-based class
attendance as femal es attended significantly higher percentage
of classes than males (51% vs 32%, P<.001). Consequently,
females spent significantly higher amount of total time (638
min vs 405 min, P<.001) in classes learning about exercise,
nutrition, and mind-set behaviors.

Baseline demographics Intent to treat (N=1432%,  Completers (n=1045), Noncompleters (n=387%, P value
mean (SD) mean (SD) mean (SD)
Age, years 44,39 (10.31) 45.73 (10.10) 40.79 (10.00) <.001
Starting weight, kg 104.76 (22.46) 103.95 (22.03) 106.94 (23.45) .03
Starting body mass index, kg/m2 35.88 (6.56) 35.82 (6.46) 36.03 (6.81) .62
3369 female, 563 male.
P655 female, 390 male.
€214 female, 173 male.
dCompl eter vs noncompl eter.
Table 2. Weight loss outcomes at 6 months.
Population Intent to treat Completers
n (%) Weight losspercentage, Lost 5% or moreof n (%) Weight loss percentage,  Lost 5% or more of
mean (SE) baseline weight, mean (SE) baseline weight,
mean (SE) mean (SE)
Overall 1432 (100.00)  5.14(0.14) 44.(0.01) 1045 (100.00)  6.15 (0.17) 54(0.02)
Gender
Femae 869 (60.68) 5.19%(0.14) 44° (0.02) 655 (62.68) 6.00° (0.17) 529 (0.02)
Male 563 (39.32) 5.062(0.14) 43° (0.01) 390 (37.32) 6.40° (0.18) 559 (0.03)

For I TT, the weight loss difference between female and male is not significant (P=.66).

BFor ITT, the difference between percentage of female and male losing 5% is not significant (P=.73).

For completers, the weight loss difference between female and male is not significant (P=.27).

dFor completers, the difference between percentage of female and male losing 5% is not significant (P=.38).

http://www.jmir.org/2018/3/e92/

JMed Internet Res 2018 | val. 20 | iss. 3 €92 | p.68
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 3. Coach-participant interaction measures at 6 months.

Painter et al

Interactions

Intent to treat (N=1432), mean (SE) Completers (n=1045), mean (SE)

Expert coaching sessions

Percentage of coaching sessions attended

Total time spent in coaching sessions, min
Live weekly expert-led interactive Web-based classes

Percentage of class attended

Total time spent in class, min
Coach-participant conver sations

Number of coach messages

Number of coach message days

Coach message length/week, characters

Number of food log feedback

Number of food log feedback days

Food log feedback length/week

Number of exercise log feedback

Number of exercise log feedback days

Exercise log feedback length/week

Number of participant messages

Number of participant message days

Participant message length/week, characters

75.36 (0.72) 85.99 (0.61)
188.34 (1.61) 211.32 (1.41)
40.74 (0.83) 52.92 (0.92)
546.70 (10.52) 663.31 (11.81)
158.91 (2.36) 180.00 (2.82)
75.16 (0.65) 82.36 (0.65)
1458.34 (13.79) 1434.34 (20.94)
74.91 (1.82) 89.27 (2.26)
31.89 (0.50) 37.01 (0.56)
409.29 (6.69) 410.05 (7.56)
16.69 (0.32) 19.21 (0.38)
12.89 (0.23) 14.6 (0.26)
187.56 (3.89) 180.42 (4.22)
48.89 (1.27) 58.54 (1.60)
29.02 (0.64) 34.67 (0.77)
399.29 (9.71) 433.12 (12.37)

Table4. Multipleregression modelsidentifying predictors of weight lossat 6 months. Multiple regression model summary: R2=.158; adjusted R2=.152,

P<.001.

Models Coefficients
B (SE) t (degrees of freedom=997) P vaue

Percentage of coaching sessions attendance -1.05(0.22) -4.90 <.001
Percentage of weekly class attendance -.76 (0.21) -3.66 <.001
Number of food log feedback days -.92 (0.26) -3.50 <.001
Total number of coach message days .89 (0.31) 2.83 .005
Coach message length per week .54 (0.17) 314 .002
Number of participant messages .95 (0.56) 1.68 .09
Number of participant message days -1.56 (0.60) -2.59 .01

Furthermore, coach-participant conversations were reviewed
to assess the amount of interactions over the 6-month program.
On an average, an expert coach reached out to his or her
participant with responses, food/exercise log feedback, or
general weight management guidelines approximately 75 days
within the 6-month program (about 3 timesaweek). In general,
participants who were more engaged in the program by initiating
more conversations or logged more food/exerciselogs received
higher amount of communication from coaches. In addition,
females received higher number of coach messages than males
(170.24 vs 141.42, P<.001).

As reported in Table 3, amost half of the coach conversations
werefood log feedback (74.91 out of 158.91 messages). Females
received significantly higher number of food log feedback than

http://www.jmir.org/2018/3/e92/

males (81.96 vs 64.04, P<.001). As females logged a higher
number of food logs capturing their daily food intakes, coaches
provided a higher amount of feedback. Participants either
initiated conversation or responded to coach messages at |east
once a week (33.28 days) on average. Females sent higher
number of messages than males (56.41 vs 37.28, P<.001).

Multiple Regression Model for Coach-Participant
I nteractions

A multiple regression model was built to predict weight change
at 6 months by including al interaction measures related to
coaching sessions, weekly Web-based classes, and
coach-participant conversations. In the backward stepwise
elimination multiple regression anaysis, the final model
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(RP=.158, P<.001) included 7 coach-participant interaction
measures, in which 6 of the measures were identified as
statistically significant predictors. percentage of coaching
sessions completed (B=—1.05, SE 0.21, P<.001), percentage of
class attended (B=-.76, SE 0.21, P<.001), number of food log
feedback days (B=-.92, SE 0.26, P<.001), total number of coach
message days (3=.89, SE 0.31, P=.005), coach message length
per week (3=.54, SE 0.17, P=.002), and humber of participant
message days (=—-1.56, SE 0.60, P=.01). The best regression
model containing 7 coach-participant interaction measures is
reported in Table 4.

Significant Weight L ossPredictors: In-Depth Analysis
This section focuses on analyzing 3 of the predictors from the
final regression model in Table 4, which have P<.001:
percentage of coaching sessions completed, percentage of
weekly classes completed, and number of food log feedback
days. These analyses focus on quantifying different levels of
coaching interaction and corresponding weight loss at 6 months
to characterize the association with outcome. In addition,

Painter et a

average coaching interactions were calculated for participants
with different levels of weight loss at 6 months: lost 210%
(264/1432, 18.44%), lost 5% to 10% (366/1432, 25.56%), and
lost <5% (802/1432, 56.01%).

Expert Coaching Sessions

On the basis of the percentage of coaching session attendance
datafrom the 6-month program, a higher percentage of coaching
session attendanceis significantly associated with ahigher level
of weight loss at 6 months. As shown in Figure 1, clinicaly
significant weight loss (5%) was associated with at least 80%
of coaching session attendance. Theresults of one-way ANOVA
showed a significant difference of mean weight loss between
different weigh-in levels (P<.001). A subsequent Tukey test
confirmed the significant differences among the 80% to 90%
and =90% attendance levels with the lower 2 levels (P<.001).
Similar ANOVA tests were performed on male and female
participants separately, and a significant difference in mean
weight loss between different attendance levelswasfound (male:
P<.001; female: P<.001).

Figure 1. Weight loss outcomes for different levels of coach-participant interaction.
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Further analysis of coaching session attendance of participants
with different levels of weight loss showed that a higher
coaching session attendance was significantly associated with
groupswith higher levels of weight loss. Figure 2 showsaclear
difference in coaching session attendance between loss <5%
group and other 2 groups (P<.001). Both male and female
participants separately showed a similar significant difference
in coaching session attendance.

Live Weekly Expert-Led I nteractive Web-Based Classes

Asreported in Figure 1, the associ ation between the percentage
of weekly Web-based class attendance and weight loss at 6
monthsislinear where higher level of weight lossissignificantly
associated with higher percentage of classattendance. Clinically
significant weight loss is associated with at least 60% of class
attendance for overall and both male and females separately.
One way ANOVA and a subsequent Tukey test confirmed
significant mean differencesin weight loss among 60% to 80%
and =80% groups with the remaining levels of class attendance
(P<.001). The analysis of percentage of class attendance of

Figure 2. Interaction levels of participants with different levels of outcome.
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participants with different levels of weight loss showed that a
higher class attendance was significantly associated with groups
with higher levels of weight loss. Male and femal e participants
separately showed similar significant differences in mean
percentage of class attendance between different outcomelevels
(male: P<.001; female: P<.001).

Food Log Feedback Days

A higher number of food log feedback days per week is
significantly associated with higher level of weight loss at 6
months. One way ANOVA test showed a significant mean
difference in weight loss between difference in food log
feedback levels (P<.001). A subsequent Tukey test confirmed
significant mean differences between al levels of food log
feedback days. Further analysis of food log feedback days of
participants with different levels of weight loss showed that
higher counts of food log feedback days were significantly
associated with groups with higher levels of weight loss
(P<.001).
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Discussion

Principal Findings

The results provide strong support for expert coachesin weight
management programs. Participants had greater weight loss
with a higher attendance of expert coaching sessions and live
weekly expert-led interactive Web-based classes, as well as
higher engagement with an expert coach through food log
feedback. Completersal so had greater interaction and attendance
than ITT. Inamultipleregression analysis, 6 of the 7 interaction
measures were identified as statistically significant predictors
of weight loss. In addition, an in-depth analysis of the top 3
significant predictors quantified theimpact of coaching sessions
completed, weekly Web-based class attendance, and days of
receiving food log feedback on varying levels of weight loss.
Overal, expert coaches were found to have a high impact on
weight management.

Expert coaches provide guidance and accountability to increase
participant engagement and weight loss success, which is
supported by previous studies, including website, email, and/or
mobile phone apps, as well as interventions using only phone
calls for coaching [7-9,27]. However, the participant must be
actively engaged in the program to receive benefit of the
interactions. Quantifying the minimum and maximum level of
engagement for significant weight loss can drive best practices
for weight management expert coaches.

Although consistent self-monitoring is shown to have a
predictive value for weight loss, the challenge is maintaining
consistency among participants[20]. Findings support previous
studies that personalized feedback and communication from
expert coaches can produce greater engagement in
self-monitoring activities when compared with tech-based
interventions for self-monitoring without expert feedback
[23,28,29]. We found that expert coaching sessions, live weekly
expert-led classes, and food log feedback specifically increased
interaction and have predictive weight loss values. On the basis
of these results, it may be important to promote these
coach-participant interactions together in an intervention or
weight loss program.

Significant Predictors of Weight L oss

Expert Coaching Session Attendance

The percentage of coaching sessions completed was identified
as a significant predictor of weight loss (P<.001). Attending
80% of the offered coaching sessions is associated with
clinicaly significant weight loss of 5% or more. Others have
shown that weekly to monthly coaching sessions are linked with
5% to 10% weight loss, improved adherence to health strategies,
and decreased risk factors over a 6- to 12-month intervention
[14-17]. Overall, female participants attended more coaching
sessions than male participants, yet no significant difference
was found in weight loss outcomes. Similar observations were
reported in prior studies where male participants did not utilize
expert coaches as frequently as female participants [12,13,15].

http://www.jmir.org/2018/3/e92/
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Live Weekly Expert-Led I nteractive Web-based Classes

The percentage of weekly Web-based classes completed was
identified as a significant predictor of weight loss (P<.001).
Clinically significant weight loss of 5% is associated with at
least 60% class attendance overal and between mae and
females separately. However, class attendance above 60% was
associated with greater weight loss among all groups. Higher
class attendance was linked to participants achieving 5% to 10%
and >10% weight loss, yet male and female differed in class
percentage attendance associated with levels of outcome. Males
had a significantly lower attendance rate than females, which
ishistorically common in weight lossinterventions [12,13,15].

Food Log Feedback Days

The number of food |og feedback days per week wasidentified
as a significant predictor of weight loss (P<.001). Participants
receiving food log feedback 1 to 2 days per week and =2 days
per week were associated with clinically significant weight loss
of 5% or greater. Additionally, participants in the 5% to 10%
and >10% weight loss levels received more food log feedback
daysthan thosein the <5% weight losslevel regardless of group.
Food log feedback is directly dependent upon the participant’s
engagement in providing food logs for an expert coach to
review. Females received a greater amount of feedback due to
logging a higher number of food logs than males, which has
been reported in earlier studies [20]. However, this finding is
linked to the understanding that personalized feedback increases
engagement and weight loss outcomes [22-24].

Strengthsand Limitations

This study has several strengths, including the reporting of
real-world weight loss outcomes and a focused analysis into
expert coaches role in a weight management program to
determine which coach-participant interactions have asignificant
impact on participant success. Participants were existing
participants of Retrofit and not recruited or incentivized to
participate in the study. All participants who met the starting
BMI, age, and weight criteria and provided at least 1 weight
measurement beyond baseline were included as participants.
No participant was removed from the population because of
lack of successon the program, which isan uncommon research
practice in the weight management field [30]. This study
provides further insight on best practices of expert coachesin
weight management interventions and programs. In addition,
with the high population of male participants, gender
comparisons were reported to create a greater understanding of
interaction between male participants and coaches.

The study has limitations, which include the retrospective
analysis study design that does not provide any causal inferences
based on the critical observations. Coach-participant interaction
was measured from a quantitative point of view. Also, the use
of areal-world population does not reveal whether a participant
was actively using any other weight management program
outside of the Retrofit program components.

Future Research

Retrofit encourages all commercial weight loss programs to
publish real-world research to enhance the understanding of
coach-participant interactions in weight loss programs.
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Reporting real-world data in relation to expert coaches allows
commercial weight loss program to structure protocols for
participant engagement and adherence to weight loss strategies.
By fine-tuning interactions and by understanding how expert
coaches are most effective, commercial weight loss programs
will increase capability in overcoming the obesity crisis.

Recommended future research includes an analysis of specific
strategies used by expert coaches and their impact on weight
loss outcomes, aswell asaqualitative analysisof theinteractions
between a coach and a participant, which may provide more
insight into an expert coach’s impact on participants. With the
continued observation in this study and previous studies that
male participants are less engaged than females, an analysis of
strategies to increase male engagement and to understand
whether increased engagement improves male weight loss
outcomes is recommended. Additionally, further research is
needed to analyze coaching impact on participants
self-monitoring behaviors to determine association between
coach-participant interaction and the level of self-monitoring

Painter et al

behaviors. Finally, expert coaches impact beyond an initial
6-month intervention and the impact of each predictor of weight
loss on wei ght mai ntenance would be avaluable future research
study.

Conclusions

In conclusion, participants on the Retrofit weight |oss program
lost on average 5.14% (SE 0.14), and participants who
completed the program lost on average 6.15% (SE 0.17) in 6
months. Over half of completers (54%) and 44% of all
participants lost 5% or more of their baseline weight.
Coach-participant interactions that include one-on-one expert
coaching session attendance, live weekly expert-led interactive
Web-based class attendance, and food log feedback days per
week were shown to be significant predictors of weight change
at 6 months. Specifically, attending 80% or more of offered
expert coaching sessions, attending 60% or more of offered
weekly Web-based classes, and receiving food log feedback
one or more days per week from an expert coach increased
participants’ weight |oss success.
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Abstract

Background: Knowledge about user experiences may lead to insights about how to improve treatment activity in Internet-based
cognitive behavioral therapy (iCBT) to reduce symptoms of depression and anxiety among people with a somatic disease. There
is a need for studies conducted alongside randomized trials, to explore treatment activity and user experiences related to such
interventions, especially among people with older age who are recruited in routine care.

Objective: The aim of the study was to explore treatment activity, user satisfaction, and usability experiences among patients
allocated to treatment in the U-CARE Heart study, arandomized clinical trial of aniCBT intervention for treatment of depression
and anxiety following arecent myocardial infarction.

Methods: This was a mixed methods study where quantitative and qualitative approaches were used. Patients were recruited
consecutively from 25 cardiac clinicsin Sweden. The study included 117 patients allocated to 14 weeks of aniCBT intervention
in the U-CARE Heart study. Quantitative data about treatment activity and therapist communication were collected through
logged user patterns, which were analyzed with descriptive statistics. Qualitative data with regard to positive and negative
experiences, and suggestions for improvements concerning the intervention, were collected through semistructured interviews
with 21 patients in the treatment arm after follow-up. The interviews were analyzed with qualitative manifest content analysis.

Results. Treatment activity waslow with regard to number of completed modules (mean 0.76, SD 0.93, range 0-5) and compl eted
assignments (mean 3.09, SD 4.05, range 0-29). Most of the participants initiated the introduction module (113/117, 96.6%), and
about half (63/117, 53.9%) of all participants completed the introductory module, but only 18 (15.4%, 18/117) continued to work
with any of the remaining 10 modules, and each of the remaining modules was completed by 7 or less of the participants. On
average, patients sent less than 2 internal messages to their therapist during the intervention (mean 1.42, SD 2.56, range 0-16).
Interviews revealed different preferences with regard to the internet-based portal, the content of the treatment program, and the
therapist communication. Aspects related to the personal situation and required skills included unpleasant emotions evoked by
the intervention, lack of time, and technical difficulties.

Conclusions:  Patients with a recent myocardial infarction and symptoms of depression and anxiety showed low treatment
activity in this guided iCBT intervention with regard to completed modules, completed assignments, and internal messages sent
to their therapist. The findings call attention to the need for researchersto carefully consider the preferences, personal situation,
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and technical skills of the end users during the development of these interventions. The study indicates several challenges that
need to be addressed to improve treatment activity, user satisfaction, and usability in internet-based interventionsin this popul ation.

(J Med Internet Res 2018;20(3):e87) doi:10.2196/jmir.9690

KEYWORDS

mental health; internet; cognitive behavioral therapy; computer-assisted therapy; myocardial infarction; attrition; adherence

Introduction

Background

Symptoms of depression and anxiety are common following a
myocardial infarction [1,2]. These symptoms predict a worse
somatic prognosis [3,4], and treatment and rehabilitation
adherence [5,6], as well as poor quality of life [7]. Mental
ehealth services such as guided internet-based cognitive
behavioral therapy (iCBT) may improve access to acceptable,
effective [8], and cost-effective interventions to reduce
symptoms of depression and anxiety [8,9]. iCBT has also been
found to improve psychological and physical functioning, as
well as disease-related impact in chronic somatic conditions
[10]. The use of eHealth solutions has received a growing
interest as a suitable method in societies with limited health
care resources and increasing numbers of aging individuals
living with cardiac diseases[11] . Thereispreliminary evidence
that iCBT may reduce symptoms of depression and anxiety
among adults with high cardiovascular risk [12] .

Typically, guided iCBT uses a written treatment material and
internet-based synchronous or asynchronous communication
with a therapist [13]. Compared with the traditional
psychological care delivered face-to-face, internet-based
interventions have several advantages such as reduced costs
and increased user control and convenience [14]. Offering
therapy that is more accessible with regard to place and time
has the potential to make it easier for patients to fit a therapy
into their daily life [15] and work according to their own
preferred pace[16]. Moreover, internet-based interventions may
be a way to reach people who feel embarrassed when talking
to a care provider about their symptoms [14]. However,
preliminary evidence suggests that people of higher age, which
is associated with myocardial infarction [17], may experience
moretechnical problemsusing internet-based interventions[18].
It has also been suggested that participants recruited in routine
cae may have less favorable views of internet-based
interventions[19] and that those recruited through aconsecutive
clinical procedure areless motivated to engagein internet-based
interventions compared with patients recruited through
self-referral [20].

Treatment acceptability may be defined as the extent intended
users perceive agiven intervention as reasonable, justified, fair,
and palatable [21]. Studies investigating iCBT have reported
issueswith indicators of treatment acceptability [22], including
low expectations of its helpfulness and credibility [23,24], low
take-up rates [25], high dropout rates [20,26], and poor
adherence [27]. Treatment activity is an important aspect for
internet-based interventions that aim to treat depression and
anxiety disorders, as number of completed modules correlate

http://www.jmir.org/2018/3/e87/

with outcome [28]. There is an articulated need for qualitative
studies conducted alongside quantitativetrials, which investigate
determinants of trestment acceptability [25]. Studiesthat explore
experiences of taking part in internet-based interventions may
lead to valuable insights on how to offer more effective
treatments [29,30]. Aslittleis known about the acceptability of
iCBT interventions among patients with a recent myocardial
infarction, thereis aneed for explorative studies to investigate
treatment activity and experiences among such intended end
users.

Objectives

The overall aim of this study was to explore treatment activity,
user satisfaction, and usability experiences among patients
allocated to treatment in the U-CARE Heart study, arandomized
clinical trial of aniCBT intervention for treatment of depression
and anxiety following a recent myocardial infarction
(unpublished data, 2018; [31]). The following 2 research
guestions were addressed:

1. What was the treatment activity with regard to completed
modules, completed assignments, and therapist
communication initiated by the participants?

2. What positive and negative experiences of theintervention,
aswell as suggestionsfor improvement, did the participants
describe?

Methods

Study Design

This study was conducted alongside the U-CARE Heart study.
Theresultsfrom the randomized controlled trial (RCT) indicate
no differences between the groups in symptoms of depression
and anxiety after intervention [31]. This study is a descriptive
mixed methods study, with quantitative and qualitative
approaches. Theregional ethics committeein Uppsalaapproved
the study protocol (2011/217). The RCT was preregistered at
Clinical Trials.gov, Identifier: NCT01504191 December 2011.

The Internet-Based Cognitive Behavioral Therapy
I ntervention

The U-CARE Heart study used an internet-based portal to
deliver aniCBT intervention tailored for patients with a recent
myocardial infarction. A two-factor authenti cation solution with
a password and numerical short message service (SMS)
verification was required to log on to the portal. The design of
the portal included a side bar and a menu bar, accessible from
all pages. A short presentation and pictures of the therapist who
worked in the program was provided in the “About us” section.
Figure 1 presentsasitemap of the portal. Multimedia A ppendix
1 presents a screenshot of the portal.
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Figure 1. Sitemap of the internet-based portal.
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The treatment program consisted of 11 modules. Each module
consisted of 210 4 steps. Each step contained 1 or 2 assignments,
such as self-monitoring or registration of skills training. The
treatment material consisted of PDF fileswith psychoeducation.
The average word count per module was 6739.91 (SD 2786.79).
Participants were encouraged to work with one step per week
during the 14-week treatment period. The first introductory
module was mandatory and oriented the user to the portal and
the treatment program through an instructional video,
psychoeducation about CBT, and common reactions post
myocardial infarction. Thereafter, participants were invited to
read a short description of the available modules, before
choosing which modulesto work with. Participantswere limited
to work with 2 active modules simultaneously. Supplementary
material and video clips of interviews conducted with patients
about their experience of depression and anxiety after a
myocardial infarction were available throughout the course of
treatment in an additiona module called the Library. Participants
also had access to a discussion board where they could
communicate with other participants.
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Each patient was assigned 1 of 3 therapists, who could be
contacted any time. Therapists provided asynchronous written
feedback on assignment viaan internal message function within
24 hours. After completing all stepsinamodule, approval from
a therapist was needed to activate a new module. Participants
inactive for more than 1 week were reminded to stay active via
phone calls. Participants unable to be reached were reminded
by prompts sent via SMS.

Clinical psychologists and expertsin IT solutions developed a
preliminary version of the intervention. This version was
eva uated through face-to-face think-aloud sessions[32], through
consultations [33] with 6 test users with experience from
emotional distress after a myocardial infarction, 2 stress
management groups in regular cardiac rehabilitation, and two
of the cardiac nurses involved in recruitment of patients at
cardiac clinics. A description of the results of these consultations
ispresented in Multimedia Appendix 2. Theintroductory module
was slightly modified (shortened) after apilot trial [34]. During
the study, the portal was adapted for handheld devices after 63
participants had been randomized.
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Recruitment

Randomized Controlled Trial

Patients were consecutively recruited from 25 cardiac clinics
in Sweden. To be €eligible, patients needed to: (1) be younger
than 75 years, (2) have amedical history of arecent myocardial
infarction less than 3 months prior, and (3) report ascore >7 on
either the depression or anxiety subscaleinthe Hospital Anxiety
and Depression Scale (HADS) [35]. Potential participantswere
excluded if they: (1) had alife expectancy of less than 1 year,
(2) were scheduled for bypass surgery, (3) were unable or
unwilling to use a computer or mobile phone, (4) were unable
to read or write in Swedish, (5) had an anticipated poor
compliance to iCBT (eg, alcohol abuse), (6) had severe
self-reported depression (total score >34) or risk of suicide (item
9>3) onthe Montgomery Asberg Depression Rating Scale Short
form (MADRS-S) [36], or (7) participated in another ongoing
trial with abehaviora intervention. TheHADS and MADRS-S
were administered viathe internet. In total, 3928 persons were
assessed for eligibility. Of these, 117 were allocated through
randomization to theiCBT intervention (Figure 2).

Follow-Up Telephone I nterviews

Participants (n=69) alocated to the treatment arm, between June
2015 and October 2016, were eligible to participate in a
follow-up telephone interview (Figure 2). Participants were
excluded if they had not filled out postintervention
guestionnaires in the RCT (n=4), or terminated treatment
prematurely (n=3). Additionally, 6 participants were not
approached because of administrative reasons. Of the
approached participants (n=56), 13 declined participation, and
20 could not be reached or did not return the consent form. This
resulted in 23 interviews. However, 2 interviewswere excluded
due to poor sound quality of the recordings, resulting in 21
interviews included in the qualitative analysis.

Sample Characteristics

The majority of the participants in the randomized trial were
males, employed, living in arelationship, born in Sweden, had
no children in their household, and did not receive any current
counseling (Table 1). The baseline sample characteristics for
participants in the randomized trial were represented in the
sample of participants included in the follow-up telephone
interviewswith 2 exceptions. None of the participantswho were
unemployed or on sick leave were included in the follow-up
interviews. Furthermore, ahigher proportion of the participants
included intheinterviews had studied at a university compared
with participants not included in the interview (P=.03).

Data Collection

Treatment Activity in the Randomized Controlled Trial

User activity was automatically registered through the U-CARE
internet portal. Number of completed modules and assignments,
and internal messages sent from patients to therapists, were
used as quantitative measures of treatment activity.

http://www.jmir.org/2018/3/e87/
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Follow-Up Telephone I nterviews

The fourth author (GB) conducted individual telephone
interviews with the aid of a semistructured interview guide
(Multimedia Appendix 3). Participants were informed that the
purpose of the interviews was to evaluate their experiences of
the intervention. Probes were asked to explore experiences and
preferences. A preliminary interview guide was developed by
three of the authors (EW, FN, and GB) and tested by
interviewing 2 participants allocated to the intervention. These
interviews were later included in the analysis. The phrasing of
some of the questions in the guide was revised after these
interviews. The interviews were audio-recorded, transcribed
verbatim, and lasted between 22 and 66 min.

Data Analysis

Treatment Activity in the Randomized Controlled Trial

Quantitative data regarding number of completed modules,
assignments, and therapist communication initiated by
participants were analyzed with descriptive statistics using R
version 3.2.2 (R Foundation for Statistical Computing).

Telephone I nterviews

Theinterviewswere analyzed with inductive qualitative manifest
content analysis, inspired by the outline presented by Graneheim
and Lundman [37]. Interviews were transcribed verbatim by a
professional transcribing agency. Two authors (EW and TC)
were responsible for the analysis. Initialy, the interview
transcripts were read multiple times to obtain an overall
perspective of the content. Meaning units were identified,
defined aswords, sentences, or paragraphs of a single message
or context that corresponded to positive experiences, negative
experiences, or suggestions for improvement. These meaning
unitswere condensed, so that unnecessary words were removed.
Thereafter, the condensed meaning units were labeled with a
code that represented the core content and context of the
meaning unit. Codes were sorted into categories and
subcategories of the manifest content, defined as collections of
codes that shared a commonality with regard to the visible
content, identified with as little interpretation as possible.
Initially, both authors worked independently with 2 interview
transcripts and discussed the identified meaning units, condensed
meaning units, codes, and preliminary categories. No impactful
differenceswere observed. Thus, thefirst author (EW) identified
meaning units, condensed the identified meaning units, and
|abeled these with a code for the remaining transcripts. Repeated
face-to-face discussions were held between the authors EW and
TC, with the purpose of scrutinizing the findings from the
perspectives of the last author (TC), who had no previous
experience of the U-CARE Heart intervention. Codes were
sorted into subcategories and categories with the aid of NVivo
verson 11.3.2 (QRS Internationa Pty Ltd., Austraia).
Multimedia Appendix 4 presents examples of the stepsin the
qualitative analysis, and Multimedia Appendix 5 presents
backgrounds of researchers involved in qualitative data
collection and analysis.
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Figure 2. Recruitment of participants. HADS-A: Hospital Anxiety and Depression Scale-Anxiety; HADS-D: Hospital Anxiety and Depression

Scale-Depression.
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Table 1. Baseline demographic and clinical characteristics of participants. Between-group comparisons are conducted between participants not
interviewed and interviewed. Categorical datais analyzed with Fisher exact test and continuous data is analyzed with Welsh t test.

Characteristics

Allocated to intervention (n=117)  Not interviewed (n=96) Interviewed (n=21) P value

Demographic characteristics

Ageinyears, mean (SD) 58.37 (8.98) 58.68 (8.67) 56.95 (10.38) 48
Sex, n (%)
Female 44 (37.6) 37 (39) 7(33) .80
Male 73 (62.4) 59 (62) 14 (68)
Occupation, n (%)
Employed 78 (66.7) 62 (65) 16 (76) 442
Unemployed 4(3.4) 4(4) 0(0)
Retired 33(28.2) 28 (29) 5(24)
Sick leave 2(17) 2(2) 0(0)
Highest educational level, n (%)
Elementary 22(18.8) 19 (20) 3(14) 03°
High-school 45 (38.5) 41 (43) 4(19)
University <3 years 24 (20.5) 18 (19) 6 (29)
University >3 years 26 (22.2) 18 (19) 8(38)
Marital status, n (%)
Single 18 (15.4) 15 (16) 3(14) >.99
In relationship 99 (84.6) 81 (84) 18 (86)
Country of birth, n (%)
Sweden 96 (82.1) 81 (84) 15 (71) 21
Other 21(17.9) 15 (16) 6(29)
Children in the household, n (%)
Yes 43 (36.8) 33(34) 10 (48) 32
No 74.(63.2) 63 (66) 11 (52)
Current counseling, n (%)
Yes 30 (25.6) 24 (25) 6(29) 78
No 87 (74.4) 72 (75) 15 (71)
Clinical characteristics, mean (SD)
HADS-AC 10.27 (2.94) 10.39 (3.11) 9.76 (2.00) 25
HADS.DY 7.97 (3.15) 8.20 (3.26) 6.95 (2.42) .05
8 mployed versus other.

PStudied at university versus didn't study at university.

HADS-A: Hospital Anxiety and Depression Scale-Anxiety.
dHADSD: Hospital Anxiety and Depression Scale-Depression.

Results

Treatment Activity in the Randomized Controlled

Trial

Of all participants allocated to intervention, 113 (96.6%,
113/117) initiated the introduction module, which was

http://www.jmir.org/2018/3/e87/

RenderX

completed by 63 (53.9%, 63/117). Each of the remaining
modules was completed by 7 or less of the participants.
Managing worry and Applied relaxation training were the most
frequently initiated and completed modules. The modules for
Communication training and Valuesin life were not completed
by any participant (Table 2).
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Table2. Number of participantsin the randomized controlled trial (n=117) who initiated and completed the respective modul esin the treatment program.

Module Initiated, n (%) Completed, n (%)
Introduction 113 (96.6) 63 (53.9)
Managing worry 23(19.7) 7(6.0)
Applied relaxation training 28 (24.0) 5(4.3)
Behavioral activation 16 (13.7) 4(3.9)
Fear and avoidance post myocardia infarction 7 (6.0) 3(2.6)
Cognitive restructuring 11 (9.4) 2(17)
Coping with insomnia 6(5.1) 2(1.7)
Problem solving 4(3.9) 2(17)
Relapse prevention depression and anxiety 3(2.6) 1(0.9
Communication skills 7(6.0) 0(0.0)
Valuesinlife 3(2.6) 0(0.0)

Table3. Total number of completed modules, completed assignments, and messages sent to therapist among the participants allocated to the intervention

in the randomized controlled trial (n=117).

Number of completed modules, assignments,
and sent internal messages at end of treatment  completed modules, n (%)
period

Number of participants who

Number of participants who
completed assignments, n (%)

Number of participants who sent
messages to therapist, n (%)

0 54 (46.2)
1 45 (38.5)
2 14 (12.0)
3 1(0.9)
4 2(17)
5 1(0.9)

>5 0(0.0)

30 (25.6) 66 (56.4)
21(17.9) 21(17.9)
23(20.5) 7(6.0)
8(6.8) 6(5.1)
2(3.4) 4(3.4)
14 (12.0) 3(2.6)
19 (16.2) 10 (85)

A minority of participants completed additional modules beyond
theintroductory module (18/117, 15.4%), completed morethan
5 assignments (19/117, 16.2%), and sent more than 5 messages
to the therapist (10/117, 8.5%; see Table 3).

The mean number of completed modules, completed
assignments, and messages sent to therapist did not reach above
0.6 at any of the 14 treatment weeks. The total summed range
for al 14 weeks was 0 to 5 for completed modules, 0 to 29
completed assignments, and 0 to 16 messages sent to therapist
(Multimedia Appendix 6). Most assignments were completed
during the first week of treatment (Figure 3). Over the course
of treatment, the total number of completed assignments and
messages sent to therapist declined. A dight increase in
treatment activity was observed in the middle of the treatment
period, which coincided with the collection of outcome

http://www.jmir.org/2018/3/e87/

assessments. A slight increase in completed assignments and
messages sent to therapist was observed toward the end of the
treatment period. A total number of 41 out of 117 (35.1%)
participants opened one or more supplementary material or a
video clip in the library. Among these participants, the average
number of opened itemswas 3.85 (SD 4.55).

Telephone Interviews

Weidentified 4 main categories: (1) the portal, (2) the treatment
program, (3) the therapist communication, and (4) the personal
situation and required skills (Table 4). See Multimedia A ppendix
7 for an expanded presentation of the qualitative results with
the total number of participants who described experiences
related to findingsin respective category and illustrative quotes.
Intotal, participants described 19 suggestions for improvement
(Textbox 1).
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Figure 3. Total number of completed modules, assignments, and messages sent to therapist during the 14-week treatment period.
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Table4. Summary of positive and negative experiences described in interviews.
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Category and subcategory

Findings

Positive experiences

Negative experiences

Portal
Design

Ussability

Treatment program

Content of treatment material

Working with the materia

Treatment period

Therapist communication

Therapist feedback

Internet-based communication

Personal situation and required skills

Unpleasant emotions evoked by the
intervention

Lack of time

Responding to outcome measuresin
questionnaires

Technical aspects

Appealing interface with easy navigation

Easy and secure log-in procedure

Relevant, well-written, and useful information

Manageable difficulty, approach gave time to
reflect
Time flexibility, possibility to select modules

Deadline promoted activity toward end of
treatment

Tailored, available, and rapid feedback
Telephone conversations with therapist
Reminders were useful prompt to log in

Navigationa difficulties, unfamiliar interface

Complicated log-in procedure with technical
failures

Required desktop or laptop, issueswhen using
mobile device

Cumbersome to open PDF files

Irrelevant outdated material and postsin dis-
cussion board
Repetitive materia with poor readability

Strenuous, tedious, difficult, and time-consum-
ing work

Too intensive work, restrictions in active
modules felt rigid

Treatment duration and time to work with
modules was too short

Lack of and irrelevant therapist feedback
Aversive and stressful reminders

Preferencefor verbal and synchronous commu-
nication

Communication felt impersonal and involved
arisk of misunderstanding

Bad conscience and guilt for being inactive
Treatment rekindled difficult memories and
emotions

Fear of making mistakes

Lack of time because of everyday life
Poor timing of treatment

Questionnaires were difficult to understand,
felt repetitive, and irrelevant
Strenuous work with questionnaires

Insufficient computer literacy

Intervention required timein front of acom-
puter

Lack of Internet connection
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Portal

«  Remove the completed modules to facilitate navigation

Treatment program

« Include information concerning how to communicate with children

o Useeasy-to-read language

«  Makethe program feel more fun for the intended users

Therapist communication

« Useaudio or video recordings of therapist feedback
«  Entitle the patient with their name instead of username

« Include picture of the therapist in all conversations

Personal situation and required skills
« Individualize the outcome questionnaires

«  Make the outcome questionnaires easier to understand

«  Offer accessto treatment closer in time to the infarction

« Includethe possihility to have several windows open at the same time

«  Makethe portal available viaCD-ROM and as an app for mobile devices

. Havelessfocus on depression and anxiety following amyocardia infarction

« Includethe possibility to ask medical questions to health professionals and other participantsin the portal

«  Useclosed-ended questions with predetermined alternatives in the treatment program
«  Prolong the treatment period and allow longer time for work with modules that feel relevant for the patient

«  Offer synchronous verbal therapist communication, via telephone calls

«  Offer more therapist feedback in decision making concerning which modules to work with

«  Allow participants to access previous responses in the outcome questionnaires

Discussion

Principal Findings

Our study focused on treatment activity and user experiences
of aniCBT intervention to reduce symptoms of depression and
anxiety among adults with arecent myocardia infarction. The
results show that treatment activity was low with regard to
completed modules and assignments and submitted internal
messages to therapists. Various positive experiences, negative
experiences, and suggestions for improvements were described
in follow-up interviews related to the internet-based portal,
treatment program, therapist communication, as well as the
personal situation and required skills of the participants.
Previous research shows inconclusive and variable results
concerning treatment activity and user satisfaction of iCBT.
Although some studies report high levels of adherence and
sufficient treatment satisfaction [8], others indicate that
adherence varies considerably between studies [27].
Furthermore, it has been suggested that internet interventions
may be more attractive among individualswho are familiar with
computers, express confidence in writing about thoughts and
feelings, who are attracted to the opportunity to reflect, and who
appreciate the anonymity provided by the medium [15]. Our

http://www.jmir.org/2018/3/e87/

findings strengthen these assumptions and indicate a need for
more research to investigate for whom, when, and how iCBT
interventions may be a suitable treatment alternative to
effectively alleviate symptoms of depression and anxiety after
amyocardial infarction.

Although iCBT shows promise as a mode of treatment for
symptoms of depression and anxiety [8], few studies have
investigated these interventions through clinical consecutive
recruitment [38]. This study included patients recruited in
routine cardiac care, which provides new insights regarding
treatment activity and user experiences of internet-based
interventions. Our findings illustrate that although most
participants initiated treatment, few persisted with the iCBT
treatment. Thisfinding indicatesthat theintervention was unable
to successfully motivate the users to engage in the treatment.
Compared with consecutive recruitment, self-referra recruitment
strategies have the potential to identify individuals who persist
with iCBT and who find the treatment effective [39]. Thus, it
has been suggested that iCBT may only be acceptable among
a subgroup of patients [20]. Another possible explanation of
the observed low treatment activity may be that the participants
did not fedl a need for psychological treatment. For example,
symptoms of depression and anxiety may be perceived as a
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normal reaction after a myocardial infarction. Patient attrition
is an articulated issue for eHealth trials, which needs to be
considered carefully when designing such interventions [26].
Our findings indicate a need for more research about how these
patients experience aneed for iCBT treatment, or if thesetypes
of interventions are better suited for certain subgroups of
patients.

The observed low treatment activity and described negative
experiencesrelated to design and usability call attention to what
has been described as a risk of distress and frustration when
faced with technological difficulties [40]. In line with our
findings, previous studies of iCBT interventions report that
patients may experience strugglesrelated to technology, delivery
of treatment program, lack of support, and limited
personalization of program content [41]. It is possible that our
findings, in part, could be explained by therelatively high mean
age among the participants. Higher age, as seen among patients
with myocardial infarction [17], is associated with less use of
the internet [42], low eHealth literacy [43], and unsuccessful
skills needed to obtain reliable answersto health-related queries
[44]. Moreover, older adults are more likely to report
technological challenges in iCBT trials, and few studies have
investigated user experiences of iCBT interventions for such
populations [18]. The findings of this study illustrate the
importance of efforts that aim to increase satisfaction and
experienced usability among end userswhen devel oping eHealth
interventions for patients with higher ages and a recent
myocardial infarction.

Tailored interventions have the potential to successfully meet
patient preferences by providing them with the choice of which
treatment modul esto work with [45] and adapting the treatment
to the capacity of the patient [38]. In this study, the perceived
positive and negative aspects varied considerably between
individuals. Thisfinding indicates aneed to tailor interventions
according to the intended end user’s individual preferences,
personal situation, as well as computer skills. For example,
participants who perceive text-based material strenuous and
time-consuming to read may benefit from a less-extensive
version of the intervention. Participants who find it difficult to
write about thought and feelings may benefit from the use of
closed-ended questions with predetermined alternatives in the
treatment program. Telephone calls may be offered as an
alternative to written feedback to participantswith a preference
for verbal and synchronous communication. One potential way
totailor the content according to individual needs of theintended
users is to use patient and public engagement during the
development phase [46,47]. In this study, patients with
experience of emotional distress after a myocardial infarction
and cardiac nurses were consulted about their views on the
treatment material in the later stages of development.
Consultations are considered to be lower levels of patient and
public participation, asit may quickly lead to insights but lacks
a commitment to subsequent actions [33]. It is possible that a
different approach, involving collaborationswith patients during
the whole development process, could have led to an
intervention closer in line with the preferences of the intended
end users. Inlight of our findings, we acknowledge the potential
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importance of using high degrees of patient and public
involvement when developing iCBT interventions.

Limitations

In this study, there are methodological limitations that should
betaken into consideration. The samplemay not fully represent
the population of patients with symptoms of depression and
anxiety after a recent myocardia infarction. Patients were
recruited in routine care at 25 Swedish cardiac clinics. Only
patients below 75 years of age were invited to participatein the
randomized trial. This may limit the generalizability and
transferability with regard to older patients. The mgjority of the
participants in the trial were males, employed, living in a
relationship, and born in Sweden. Furthermore, only asubsample
of those who took part in the intervention wasinterviewed. The
reason for this was mainly practical, as we lacked necessary
resources to collect qualitative data in the early stages of the
study. Thismay imply asource of selection biasthat may impact
the results. We acknowledge that the qualitative results only
reflect the experiences of a proportion of the whole samplein
the RCT. Although the sample characteristics for participants
in the RCT were represented in the sample of participants
included in the follow-up telephone interviews, none of the
participants who were unemployed or on sick leave were
included in the follow-up interviews. Furthermore, a higher
proportion of the interviewed participants had studied at a
university compared with thosewho were not interviewed. This
may imply a limited transferability to participants with lower
levels of education. For example, it is possible that participants
with experience of university studies may be more comfortable
with text-based material and communication. Moreover, wedid
not collect any quantitative measure of computer literacy. Thus,
we cannot make any claims about the actual computer literacy
among the participantsin our sample.

Thedata collection and analysis of the qualitative material may
not fully represent the experiences of the interviewees. One
psychol ogist who was not involved as atherapist in the treatment
program conducted tel ephonesinterviews. Telephoneinterviews
reduce the risk for socialy desirable answers, may lead to
increased sense of anonymity, and have the potential to make
participants feel more comfortable [48,49]. On the other hand,
telephone interviews make it impossible to observe nonverbal
communication and create acomfortable physical setting where
interviews take place [50]. We argue that the use of telephone
communication and lack of previous contact with theinterviewer
promoted the participants to feel comfortable enough to be
honest in their descriptions of their experiencesand preferences.
A semistructured interview guide with open-ended questions
was used to cover our research questions, while still alowing
for flexibility. The use of an interview guide implies
instrumental consistency throughout the interviews [51,52].
Content analysis offers a systematic approach to describe
patterns in text-based data [53,54]. However, there is always
an embedded element of abstraction in qualitative analyses,
which is impossible to completely disregard [51]. Thus, 2
authors with different backgrounds analyzed the data. We
acknowledge that it is possible that potentialy valuable
information may have been lost due to potential biases or
preconceptions.
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Suggestions for Future Research

The findings indicate a need for rigorous preparations before
conducting iCBT interventions for adults with depression or
anxiety after arecent myocardial infarction. Thereisaneed for
future research that investigates waysto ensure that devel opment
of these interventionsis more adapted to the intended end users.
The low treatment activity and negative experiences related to
the use of the internet platform and the treatment content call
attention to the importance of usability and feasibility trials.
Future research should investigate patient, therapist, and
treatment-related factors to improve treatment activity in
internet-based interventions implemented in this population.
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Conclusions

Patientswith symptoms of depression and anxiety after arecent
myocardial infarction showed low treatment activity in guided
iCBT with regard to completed modules, assignments, and
messages sent to their therapist. They describe various negative
experiences and suggestionsfor improvement, calling attention
to the need for researchersto carefully consider the preferences,
personal situation, and required skills of the end users during
the development of these interventions. The findings indicate
several challenges that need to be addressed to improve
treatment activity, user satisfaction, and usability of internet
interventions in this population.
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Abstract

Background: Theincreasing use of Web-based solutionsfor health prevention and promotion presents opportunitiesto improve
self-management and adherence to guideline-based therapy for individuals with type 2 diabetes (T2DM). Despite promising
preliminary evidence, many users stop using Web-based solutions due to the burden of data entry, hidden costs, loss of interest,
and a lack of comprehensive features. Evaluations tend to focus on effectiveness or impact and fail to evaluate the nuanced
variables that may interact to contribute to outcome success (or failure).

Objective: This study aimed to evaluate a Web-based solution for improving self-management in T2DM to identify key
combinations of contextual variables and mechanisms of action that explain for whom the solution worked best and in what
circumstances.

Methods: A qualitative realist evaluation was conducted with one-on-one, semistructured telephonic interviews completed at
baseline, and again toward the end of the intervention period (3 months). Topics included participants’ experiences of using the
Web-based solution, barriers and facilitators of self-management, and barriers and facilitators to effective use. Transcripts were
analyzed using thematic analysis strategies, after which the key themes were used to develop statements of the relationships
between the key contextual factors, mechanisms of action, and impact on the primary outcome (glycated hemoglobin, HbA ).

Results: Twenty-six interviews (14 baseline, 12 follow-up) were completed with 16 participants with T2DM, and the following
3 key groups emerged: the easiest fit, the best fit, and those who failed to activate. Self-efficacy and willingness to engage with
the solution facilitated improvement in HbA ,, whereas competing priorities and psychosocial issues created barriersto engagement.
Individuals with high baseline self-efficacy who were motivated, took ownership for their actions, and prioritized diabetes
management were early and eager adopters of the app and recorded improvementsin HbA ;. over theintervention period. Individuals
with moderate baseline self-efficacy and no competing priorities, who identified gaps in understanding of how their actions
influence their health, were slow to adopt use but recorded the greatest improvementsin HbA ;.. The final group had low baseline
self-efficacy and identified a range of psychosocial issues and competing priorities. These participants were uncertain of the
benefits of using aWeb-based solution to support salf-management, ultimately resulting in minimal engagement and no improvement
in HbA .

Conclusions:  Self-efficacy, competing priorities, previous behavior change, and beliefs about Web-based solutions interact to
determine engagement and impact on the clinical outcomes. Considering the balance of these patient characteristicsis likely to
help health care providers identify individuals who are apt to benefit from a Web-based solution to support self-management of
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T2DM. Web-based solutions could be modified to incorporate the existing screening measures to identify individuals who are at
risk of suboptimal adherence to inform the provision of additional support(s) as needed.

(J Med Internet Res 2018;20(3):e81) doi:10.2196/jmir.8712
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Introduction

The number of people affected with diabetes worldwide has
increased from 171 million to 422 million between 2000 and
2017, making it one of the most costly and devastating chronic
diseases [1]. In Ontario, Canada, the prevalence of diabetes
increased by 69% from 1995 to 2005 [2], exceeding the global
increase of 60% previously projected to occur between 1995
and 2030 [3,4]. Thisdramatic rise is attributed to new cases of
type 2 diabetes mellitus (T2DM) [5,6], driven by increasing
rates of obesity [7,8]. Physical inactivity, smoking, alcohol
consumption, and poor dietary habits have also been identified
asrisk factors that significantly increase an individual’s risk of
developing T2DM [9]. Long-term complications include
retinopathy, nephropathy, autonomic neuropathy leading to
cardiovascular symptoms, and peripheral neuropathy with a
risk of foot ulcersand amputations [5]. Most notably, individuals
who have T2DM are twice as likely to die over a 12 year
follow-up period compared with those without diabetes[10,11].

Given the severity and nature of disease progression, a
cornerstone of clinical management is the process of teaching
individuals how to manage their diabetes. An individual’s
attitudes, beliefs, and knowledge about diabetes may affect
diabetes self-management, including their adherence to
prescribed pharmacotherapy [12,13], highlighting the need for
individualized, patient-centered approaches. T2DM education
and self-management education is a cost-effective approach
[14] and has a direct impact on patients’ glycemic control [15].
Duration of contact between educator and patient has been noted
to be a significant predictor of improved glycemic control in
this population, underscoring the role of social support [15].

Despite advancesin diabetestreatment and education, adherence
to diabetes sel f-management regimens continuesto be the most
significant determinant of achieving clinical targets (ie, glycemic
control) [16,17]. Barriers to diabetes management include
individual attitudes and beliefs, knowledge, financial constraints,
and social support [18-21]. Given the prevalence of mabile
devices[22] and the increasing use of Web-based solutions for
health prevention and promotion [23,24], mobile phone apps
have emerged as a potential solution to improve
self-management and adherence to guideline-based therapy due
to their accessibility, low cost, and interactive potentia [22].
These apps may include a range of features, including blood
glucose monitoring, medication tracking, exercisetracking, and
dietary management [25,26]. Although preliminary evidence
looks promising [27-29], many app users stop using health apps
due to high burden of data entry, hidden costs, loss of interest,
and a lack of comprehensive features in a single solution
[23,30-32]. Formal evaluations of Web-based solutions tend to
focus on the effectiveness or impact and fail to evaluate the
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nuanced variables that may contribute to success (or failure)
[33]. To address this gap in the literature, we conducted a
qualitative realist evaluation as part of alarger randomized trial
of a mobile-based self-management app to improve
self-management in T2DM [34]. The objective wasto identify
key combinations of contextual variables and mechanisms of
action that explain for whom the app worked best and in what
circumstances.

Methods

Study Design

A quadlitative realist evaluation [35] was embedded as part of a
larger pragmatic, randomized, wait-list control trial to evaluate
whether and how a mobile app designed to improve
self-management and experience of care among patients with
T2DM [34]. Redlist evaluation isamethodol ogy used to unpack
theblack box of implementation [36] by purposively examining
the actions required by those involved in an intervention to
ensure its success, including participants and those involved in
implementation. This methodology enables a rigorous
assessment of the contextual influences and strategies by which
the intervention is adopted or rejected, enabling and
understanding of how and why the implementation succeeds or
fails. Specifically, arealist evaluation provides an explanation
for why study outcomes occur, involves multimethodsinvolving
guantitative and qualitative approaches, and uses atheory-driven
approach that guides the study design [35].

Trial participants were randomized to either an immediate
treatment group (ITG) or await-list control group (WLC). The
ITG group began using the mobile app immediately for a
duration of 3 months. A series of quantitative outcomes were
collected as part of the trial and are outlined in the origina
protocol [34]. Of particular relevance to this realist evaluation
were the following 2 outcomes: glucose control (measured by
HbA,.), and the Problem Areasin Diabetes 5 (PAID 5) [37], a
measure of disease-specific self-efficacy that emphasizes
well-being. Self-efficacy refers to an individual’s belief in his
or her capability to achieve a given objective, which is a
well-established mediator of health behaviors [38].

Theintervention wasimplemented and supported by the Ontario
Telemedicine Network (OTN), anonprofit, government-funded
organization and the largest provider of telemedicine services
in the province of Ontario [39]. The protocol received ethics
approval from Research Ethics Boards at participating
institutions, including Women's College Hospital, St. Joseph’s
Care Group, North York General Hospital, and William Osler
Health System. The larger trial is registered on
Clinical Trials.gov (NCT02813343).
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Intervention

The intervention is a commercially available app designed to
serve as a Web-based coach for patients with T2DM (WellDoc
Bluestar allows participantsto enter arange of baselineclinical
information, in addition to ongoing data related to diabetes
management, including blood glucose val ues, daily medications,
food intake, and activity levels). The app analyzesinputted data
to providetail ored messaging to coach participants with respect
to their diabetes management. Participants also had the option
of emailing a SMART Visit report to a member of their care
team via the app, which provides them with an overview of
inputted data over a period specified by the participant. At the
time of this study, the app did not include secure messaging
with providers or social functionality to connect participants
with one another. The mobile app has been shown to improve
glycemic control (as represented by reduction in levels of
HbA ,.) in other contexts and settings [28,40].

The Web-based solution was implemented across 3 Diabetes
Education Centers selected by the OTN. These sites were the
Diabetes Health Centrein Thunder Bay, the Diabetes Education
Center at North York General Hospital, and 2 Diabetes
Education Centers belonging to the William Osler Heath
System. The OTN provided each site with funding for a site
project coordinator who was responsible for recruiting
participants and introducing them to the app. More than 4500
patients are seen across these sites annually, representing a
socially and ethnically diverse group of individuals with
diabetes. Each site serves distinct populations, including alarge
Indigenous population in Thunder Bay and visible minorities
and newcomersin the William Osler Health System.

Recruitment

Potential interview participants were recruited from the ITG
group to ensure maximum potential for exposure to the app.
The completerecruitment strategy has been described previously
[34]. One-on-one, semistructured telephonic interviews were
conducted, with questions guided by the principles of Realist
Evaluation [35]. Topics include participants experiences of
learning about and using the technology, barriers and facilitators
of self-management, and barriers and facilitators to effective
use (refer to Multimedia Appendix 1 for interview questions).
Participants were interviewed at baseline and again toward the
completion of the intervention period (3 months).

Data Analysis

Interviews were conducted by an experienced qualitative
researcher, audio-recorded, and transcribed by a third party.
Transcripts were analyzed using thematic analysis strategies
[35,41], which included identifying key themesthat demonstrate
important contextual influences and mechanisms of action for
the Web-based solution in rea-world health care settings.
Recruitment continued until data saturation was reached. A
minimum of 2 reviewers independently coded all transcripts
using an open coding process. Following the first 5 interviews,
a coding schema was created to guide the analysis of the
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subsequent interviews. Open coding was applied throughout
theanalysisfor content that did not fit within the existing coding
schema. Consolidation of codes was achieved through
consultation with athird reviewer. There were no disagreements
with respect to coding.

Several strategies were employed to ensure credibility of the
data, such as using multiple sources of data, having key
collaborators participate in the triangulation analysis and the
return of findings (construct and external validity), examining
points of convergence and divergence within and across cases
(internal validity through cross comparative analyses), and
having a stepped analysis process whereby there is an initial
independent review of the data by 3 reviewers (LD, MS, and
LJ) who then met to reach consensus on the common themes
(reliability) [42].

After the thematic analyses of al qualitative data had been
completed, the key themes identified were used to develop
statements of the relationships between (1) key contextua
factors, (2) the mechanisms by which they affect the
implementation of the Web-based solution, and (3) the impact
on the outcomes of theintervention itself (in Realist Evaluation
these statements arereferred to as Context-Mechani sm-Outcome
[C-M-Q] Configurations) [35].

Results

Findings

A total of 26 interviews (14 baseline, 12 follow-up) were
completed with 16 participants with T2DM across the 3 sites.
Of the 14 participants who completed the baseline interview, 3
had dropped out and 1 was unavailable at follow-up; therefore,
additional 2 participantswere recruited to achieve data saturation
at follow-up. Characteristics of patient participants are shown
in Table 1. Patient participants were grouped according to their
primary outcome from the trial data (HbA,.) and self-reported
level of engagement with the app to describe C-M-O
configurations. From the data, 3 groups emerged that are
described in Table 1 (see Table 1 for a summary of participant
characteristics by group).

Group 1: The Easiest Fit—Engaged Early Adopters

Thefirst C-M-O configuration concerns agroup of individuals
who had ahigh level of self-efficacy when self-managing their
T2DM before the intervention, took ownership for their actions
and were motivated to change, reported no competing priorities,
were keen to engage with mobile technology to help support
self-management, and were newly diagnosed with T2DM (3-9
months). A high level of preintervention self-efficacy was
illustrated by having a positive mindset and reported behavior
change and HbA . level sthat wereimproving before enrolment
inthe study. These actionsincluded increased physical activity,
portion control, avoiding high-fat foods, and medication
adherence.

JMed Internet Res 2018 | val. 20 | iss. 3 [e81 | p.94
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Patient participant characteristics.

Desveaux €t d

Characteristics Group 1: Engaged,

early adopters (n=4)

Group 2: Engaged,
slow adopters (n=4)

Group 3

Low engagers (n=5)  Dropouts (n=3)

Agein years, mean (range) 57 (51-63)
Sex (male:female) 4.0
Time since T2DM? diagnosis, mean (range) 6 months (3-9
months)
Complications from T2DM, n 1
Site,n
NYGHP 0
Thunder Bay 2
WOHS* 2
Marital status, n
Married 3
Divorced 1
Common law
Single 1
Ethnic background, n
White 2
First Nations
African American
Highest education, n
High school
University 1
Postgraduate 3
Type of therapy, n
Oral 4
Insulin
Combination

59 (49-67) 42 (32-52) 45 (37-49)

2:2 2:3 2:1

19 years (9-26 years) 6 years (4 months-13 3 years (3 months-27
years) years)

3 2 4

3 1 1

1 1 2

0 3 0

2 2 -

2 - 1

- 1 1

1 2 -

3 4 -

- - 2

1 1 1

3 - -

- 2 2

1 3 1

- 3 1

1 1 -

3 1 2

8T2DM: type 2 diabetes.
PNY GH: North York General Hospital.
SWOHS: William Osler Health System.

Individuals in this group aso exhibited proactive,
information-seeking behavior to help them managetheir T2DM:

| started looking up what information was on [the
Diabetes Canada website], found out about what the
daily types of meals you should have to control your
blood sugar, and | immediately started following that.
[SITE AOS]

Participants described various aspects of their identity that
fuelled their motivation to change, which involved socia
activities, occupation, family, and overall quaity of life.
Narratives outlined feelings of accountability to oneself and
taking ownership for individua actions:

Well it's to my own benefit right, you know, if | do it
then I’'m the one that hopefully gets rewarded, it's
self-serving in a lot of places for me right...I, you

http://www.jmir.org/2018/3/e81/

know, | want to still have lifeleft and do things| want
todo. [SITE A05]

Unlike participants in other groups, high engagers did not
identify competing prioritiesthat interfered with their ability to
manage their T2DM. Instead, they described integrating
management strategiesinto the existing schedules and routines.
The mgjority described strong support networks at home that
helped them adhere to their prescribed diet and activity
recommendations. Only 1 individual described his socid
network and relationship with his family, but did not link these
relationshipsto his self-management behavior. The study project
coordinator, who was responsible for introducing the app to
participants, was also viewed as a source of self-management
support at 1 particular site:
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We kinda have a kind of conversation when we get
together...more like a friendly visit instead of an ‘oh
| haveto report to the nurse’...Yeah, | think | like her,
and | know that | can just phone her up, she told me
that, just phone her up, | meanif you need any advice
or whatever—so that was nice. [SITE B06]

These individuals were interested in using mobile technology
to improve their health and enthusiastically engaged with the
app immediately and consistently thereafter. Engaging with the
intervention led to the activation of severa mechanisms of
change for these individuals. The dataentry requirement of the
app reinforced and strengthened the pre-existing accountability
to self. Individual s described feeling “ grounded” and “honest,”
and explained how visualizations of their data helped to keep
them on track and triggered a greater commitment to
self-management:

[The application] keeps me grounded and keeps me
honest. Even though you can put whatever you want
in there and say ‘Oh yeah I'm having 10 dlices of
pizza and you only put in 1'...But it keeps me
honest...It keeps me on track. [SITE BO1]

Data entry led to positive performance feedback that further
enhanced the individual’s ability to self-monitor. Visual
feedback displaying desired outcomes “reinforced positive
behaviors’ and encouraged participants to continue making
informed choices and monitoring outcomes. These mechanisms
interacted with each individua’s context to produce
improvements in their primary clinical outcome (HbA,.) and
their overall ability to managetheir T2DM. These self-reported
improvements were supported by the quantitative outcomes
collected as part of the larger trial (refer to Table 2).

My A, isnow pretty perfect...In April it was 10.4 and
uhm, in November it was 6.5. [SITE BO6]

All individualsin this group highlighted that, in addition to the
primary outcomes highlighted above, engaging with the app
helped increase their awareness of their T2DM and the impact
of stress and diet on their glucose readings. This increased
awareness trandated into increased self-efficacy with respect
to self-managing T2DM.

Before | was clueless, not totally clueless, | just
thought it was the sugary thing, | didn’t know how
much the carbs got involved, and the fats. [SITE B
06]

Group 2: The Best Fit—Engaged Slow Adopters

The second group of C-M-O configurations concerns a group
of individuals who had moderate self-efficacy in terms of
self-managing their T2DM before the intervention, described
an incomplete understanding of how actions influence their
health and why, reported no competing priorities, were open to
theideaof using mobile technology to support self-management,
and had along-standing diagnosis of T2DM.

Participantsin this group described frustrationswith the episodic
nature of managing their condition and repeated unsuccessful
attemptsto “fine-tune” their self-management strategy. Despite
a partial understanding of strategies to manage T2DM, these
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individuals strongly expressed their desire to fill these
knowledge gaps. Asaresult, participantsin thisgroup identified
the need for a specific solution that targeted their ability to
achieve a more nuanced understanding of their T2DM (9-26
years):

You just go through stages of depression, you go
through stages of anger, depression, denial, and then
you sort of wake up and say, ‘ Ok, I' [l just keep trying’
And then you try again and you' re good for a couple
years and then something happens, you get sick or,
and there sometimes it's discouraging because...it
doesn’'t matter what you do. | can take all the insulin
| want but for me, when I’'msick, | can’t get my blood
sugar down. [SITE A02]

| have a feeling that my readings after dinner arestill
too high, but because | can't break it down | don’t
have the motivation to take the last step which is to
write down everything you eat at dinner for the next
three weeks and how much insulin you took so then
we can address the little problems. [SITE C02)

Participants described how the mobile app met these needs,
which varied depending on the individual participant. Overall,
theintervention enabled participantsto track inputs such as diet
and stress and their impact on a specific outcome, blood glucose
levels. This mechanism of performance feedback increased
participant awareness around which actions influenced their
disease management:

With this, looking at whether I’ m putting in my carbs
and that, thinking ‘Ok, well | can only have...this.
Yeah. That's all | can have’ So | think it's made me
more think about the fact that | can only eat so much
and before it was just like, ah the heck with it. [SITE
BO2]

Data tracking and trend visualization increased participants
sense of accountability for their actions. Participants described
their new-found accountability both to themselves and their
health care providers, to whom they were very well connected.
Data visualization enabled participants to see positive results
in-between hedth care provider visits and encouraged
incremental increases in engagement with the app over time:

The app helps me, you know, to be testing my blood
and recording it and seeing any positive changesthat
I’m making. And the positive changesin turn help to
sort of encourage me to continue it...so it's like a
circleif youwill. [SITE CO3]

Real-time, nuanced performance feedback displayed glucose
readings alongside symptom and dietary inputs and organized
inputs by time of day. Thisenabled participants' self-monitoring
ability. In the case of this group, feedback displaying desired
outcomes*“ drew attention to positive behaviors’ and encouraged
participants to continue making healthy decisions and
monitoring outcomes. These mechanisms interacted with each
individual’s context to produce improvements in their primary
clinical outcome (HbA.) and their overall ability to manage

their T2DM.
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Contextual variables,
mechanism of action, and
outcome

Group 1: High engagers, early
adopters (easiest fit)

Group 2: High engagers, slow
adopters (best fit)

Group 3

Low engagers (failed to
activate)

Dropouts (failed to meet
needs)

Contextual variables

Preintervention self-
efficacy

Individual identity
(includes affect)

Health beliefs

Support system

Competing priorities

Mechanism of action

Outcomes

HbAle, mean
(range)
Baseline
3 months
PAID5Y, mean
(range)
Baseline

3 months

High (numerous examples of
positive behavior changewith
improved outcomes)

New diagnosis

Positive attitude toward life
and disease management

Strong identity that serves as
motivation to maintain
“healthy” life

Proactive, seeks out informa-
tion

Takes ownership

Accountable to self

Support at home facilitates
adherence to diet and recom-
mendations

Project coordinator identified
as asource of support

None described

Performance feedback facili-
tates self-monitoring

Dataentry reinforcesaccount-
ability to self

Positive outcomes reinforce
behavior

7.5% (6.2-9.9)
6.0% (5.2-6.5)

43 (1-8)
3.5 (0-10)

Moderate (some evidence of
positive behavior changewith
variable impact in outcomes)

Longstanding diagnosis

Episodic nature of T2DM
management leads to frustra-
tions

Partial understanding of
strategies to manage T2DM

Uncertainty around the impact
of certain individual actions

Well-connected to health care
providers for support

None described

Improved ability to track out-
comes increased awareness

Improved understanding of
how individual actions affect
T2DM

Data visualization increased
accountability for individual
actions

10.0% (8.7-11.1)
8.3% (7.4-9.2)

8.5 (3-14)
7.3(2-15)

Low (no evidence of behav-
ior change)

Managing T2DM%isa
struggle and burden

Described negative emo-
tions (eg, anxiety, depres-
sion, anger)

Report barriers to manag-
ing T2DM (eg, feelings of
deprivation)

Lack of recognition around
proper management

No support identified

Multiple (family, school,
work)

Preliminary signsthat the
app had potential

Mobile app failed to acti-
vate mechanisms of
change in context

8.7% (6.9-10.6)
8.8% (7.3-10.3)

10.0 (3-16)
10.8 (5-14)

Low (no evidence of behavior
change)

Prospect of managing T2DM
competing with psychological
issues

Described negative emotions
(eg, anxiety, depression,
anger)

Not motivated to better man-
age T2DM

No support identified

Multiple (family, school,
work)

Participants did not engage
with the mobile app

10.7% (9.7-12.6)

N/AC

10.0 (5-15)
N/A

8T2DM: type 2 diabetes.

BHbA 1¢: glycated hemoglobin.

°N/A: not applicable.

%The Problem Areas In Diabetes 5 (PAID5) is a measure of disease-specific self-efficacy that emphasizes well-being. A total score of =8 indicates
possible diabetes-related emotional distress and warrants further clinical assessment.
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Perhaps most notably, individuals in this group demonstrated
improvements despite poor disease management at baseline that
was significantly worse than group 1 (average HbA ;. of 10.0%,

refer to Table 2 for compl ete outcome data):

On the odd occasion that my numbers get high, to
have the ‘let’s retest in 3 hours' message [pop up],
you know that’s been a help as well because it helps
me in managing my diabetes. [SITE C03]

That was the key benefit for me. So when | started my
Ajcwas 11.1 and when | got it done, when | saw the
nurse, 3 weeks ago, it was 8...A dramatic reduction,
and I'm still trying to get it down, but it's a pretty
dramatic reduction for me...| don’t think I’ ve had an
A of 8 for a number of years. [SITE C02]

Similar to the first group, timely feedback and the ability to
identify factors that trigger blood glucose spikes increased
participants' overall confidence to self-manage their T2DM.
Increased confidence also served as a mechanism to resolve
unwelcome emotions such as anger and frustration that
participants had experienced when struggling to master
self-management over the course of their condition:

Yeah. No | um, | do really likeit, it's kind of kept me
going in making me feel alittle bit stronger in myself
and that with it...Yeah, more confident that | can do
it. [SITE BO2]

Group 3: Failureto Activate or M eet Needs—L ow
Engagers and Dropouts

The final group of C-M-O configurations concerns a group of
individuals who had little to no self-efficacy before the
intervention; identified a range of psychosocial issues that
featured more prominently in their narrative than T2DM,;
reported arange of competing priorities, including work, family,
and school; were uncertain of the benefits of using mobile
technology to support self-management; and had a wide range
of disease duration (from newly diagnosed to long-standing):

It'sjust a matter of just double checking...And um, if
it would connect to the foods | put in to what insulin
readings | put in, that would be good, cuz right now
it just seems kind of useless. Right now, it's just a
matter of double putting in my glucose readings.
[SITE C05]

| go back and click on that date and enter all my
sugars and meds and what not [all at once]. It'salot
easier than doing it daily—doing it daily it just eats
up so much of my time. | only get a half hour lunch
break at work usually...l don’t want to spend my time
fussing with it. [SITE B05]

Individuals in this group described their experience with
managing T2DM as a struggle and viewed the diagnosis as a
burden. A range of external barriers were cited that interfered
with the ability to self-manage, including asense of deprivation,
unhelpful encounters with health care providers, and a hectic
schedule. Participants also described a lack of recognition
around proper strategiesfor self-management and reluctanceto
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engage in basic self-management behaviors (eg, insulin
adherence and testing blood sugar levels):

| find it hard every timeto take my insulin...it' sareal
chore...Yeah, and trying to find space in my stomach
that doesn't hurt...l just feeling like giving up
sometimesand not takingit... Thetimes| haven't taken
it, it uh, then | get mad at myself which doesn’'t help
the situation. [SITE CO5]

It's not really fitting very well because I’m going to
be honest | don’t really even test my sugars as much
as | should. Because sometimes | will miss the time
taking my insulin...| haven't tested my sugar in a
while. [SITE A04]

Multiple competing prioritieswere highlighted, including work
and caring for children. Narratives reveded a lack of
responsibility for individual actions and a host of cyclical
negative emotions, including anxiety, anger, and frustration.
Individualsin this group did not identify members of a support
system, either from their personal network or their health care
team:

I don't even know why the clinic was there, it was
like, thisis a complete waste of my time. You know,
| already knew what she told me, like there was no
help, you know there was no information offered, |
left there empty handed. [SITE AO2]

Well the phone was giving me problems at first. So
the first thing in my head was ‘uh-oh am | going to
have a problem with the phone! And that's when |
requested if | could get another phone, but then she
said we'll try it again. She went out the room, came
back in, | think the first interaction was kinda of—it
sucked. [SITE C01]

Participants highlighted several features of the maobile app that
may have represented mechanisms of action but were not
activated for this group. The project coordinators at 2 of the
sites (who were responsible for introducing the intervention to
participants at sites A and C) were perceived to be minimally
engaged with participants. This may have represented amissed
opportunity for thisgroup of individualsin the absence of strong
support networks:

I may have gotten an email but there was definitely
no phone contact or anything. And I think the only
contact that they reached out to me for was making
surel wasgoing to get my [ blood glucosetest]. [SITE
A02]

Overdll, individualsin this group failed to integrate the mobile
app into routine daily activities, and generally perceived data
entry as a burden. Unlike participants in other groups, these
individuals viewed the intervention as a duplication of current
logbook methods (eg, handwritten) and did not perceive the
technological advancement as arelative advantage:

Nabh. If | forget about it, it sitsin my bag, like my pill
bag and you go to turn it on and it's dead. Then you
gotta plug it in, and then cause you unplug it and put
it back in the bag and you forget about it again, right?
It's not in my pocket. [SITE AQ3]
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Failureto activate potential mechanismsof actionis particularly
relevant, as some participant narratives reveal preliminary signs
of intervention potential and positive influence. Nonetheless,
the maobile app failed to activate mechanisms of actions for
theseindividuals, and their outcomes remained unchanged (refer
to Table 2).

And you know [the mobile application] kinda does
make you think what you should do differently, and
obvioudly then it's just self-management after that.
[SITEAQ2]

| go back and click on that date and enter all my
sugars and meds and what not. It's a ot easier than
doing it daily—doing it daily it just eats up so much
of my time. Like | only get a half hour lunch break at
work usually. | don’t want to spend my time fussing
withit. [SITE BO5]

Within the first few weeks of use, 3 individuals dropped out of
the study and returned their mobile device. Participant narratives
revealed that T2DM self-management was competing with
prominent psychosocial issues for attention, and was therefore
not a high priority. Strong negative emotions were central to
each individual’s experience, and included feeling overwhelmed
with the idea of change, wanting to give up, and struggling to
cope. These experiences were compounded by a range of
competing priorities, including family, work, and school. As a
result, individuals were not motivated to better manage their
T2DM:

It'soverwhelming...I'mnot really depressed but | get
glum[..]] Likel get to the point where—the hell with
it—and I’ [l open a can of coke becauseit’s more like
a pissed off that I’m going through this, and maybe
if | intake enough of bad stuff, | have the seizure or
go into the coma or something—not that I’ m suicidal
or anything... [SITE BO3]

| feel deprived of certain thingsthat | want to eat and

| know | can't eat it. Uh, it affects me, my mood, some

days I’'m happy some days I’'m sad, um, it | guess

that’swhat triggers my depression in someways] ...]

Just sometimes | get frustrated and sometimes feel

like giving up. [SITE C01]
These 3 participants reported limited to no use of the mobile
app before dropout, precluding the ability for the intervention
to influence change:

Even if | did [everything I’m supposed to], starting
to use [the app] on aregular basisis gonna be hard
too. Becauseit’snot that I'munwilling which is partly
true, | am unwilling— shouldn’t have to do this.
[SITE BO3]

Discussion

Principal Findings

The results of this study identify variations in patient
characteristics that influenced the adoption and outcome of a
mobile-based salf-management app to improve self-management
in T2DM. To our knowledge, thisis the first realist evaluation
to systematically link a cluster of patient-level determinants to
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clinical outcomes with a specified mechanism of action. The
results suggest that an individua’s self-efficacy, competing
priorities, evidence of previous behavior change, and beliefs
about Web-based solutions interact to determine the impact on
engagement and clinical outcomes. Furthermore, the balance
of these characteristics may be useful for identifying individuals
who may need moreintensive support, informing the allocation
of health care resources.

Our findings align with previous qualitative literatureidentifying
increased awareness as a mechanism underlying successful
engagement with a Web-based solution for T2DM [43].
Participants whose HbA ;. improved >1% reported that the
intervention improved their self-efficacy to manage their
diabetes, whereas those who failed to achieve these gains
reported competing demands that limited engagement with
intervention [43]. Self-efficacy is influenced through previous
experiences of success, social persuasion and encouragement,
social models of success and failure observed from individuals
perceived to be similar, and stress and tension [44]. Many
participants in this study described the feedback messaging as
motivational and encouraging, whereas others reported
frustration when glucose readings fell outside the target range
and messaging failed to provide encouragement. Feedback
messages weretriggered in response to avail able blood glucose
dataand were not triangul ated with other inputs (or lack thereof),
which may present an opportunity to further tailor messaging
to encourage improvements among poor performers.

Targeting outcome expectations can be easily integrated into a
Web-based solution and present one strategy to regul ate patient
motivation when previous experiences have been unsuccessful
[44]. The app included passive accessto aresource library that
includes a rotating assortment of videos; however, actively
directing users to this content may be required for those who
require additional support. The current version also included 3
levels of tailored messaging (from a beginner level to more
sophisticated content); however, all 3 levels addressed the full
range of self-management issues. Interventions designed to
promote incremental knowledge gain and experiential and
vicarious learning are better positioned to impact individual
ability to self-manage[45], suggesting that agraduated approach
introducing a few concepts at a time may be more beneficial
when implementing complex interventions targeting behavior
change. Many individuals with poorly controlled diabetes are
not sufficiently confident or motivated to initiate and maintain
self-management changes[46], emphasizing the need for mobile
self-management apps to explicitly target readiness to change
and emphasizeincreasing self-efficacy to optimize the potential
for impact.

A systematic review of mobile apps for diabetes management
found 5 of the 6 studies reported positive feedback on usability
and feasihility, whereas only 3 reported statistically significant
reductions in clinica outcomes such as HbA,. and blood
pressure [47]. These heterogeneous findings demonstrate that
positive patient feedback does not always accompany clinical
improvements, highlighting that a range of factors interact to
contribute to asuccessful impact on outcomes. Thisunderscores
the need to identify patient and intervention characteristics that
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are likely to facilitate both outcomes. Whether and how a
Web-based solution enables or limits the possibility for
relationships with professionals, the degree of fit with
participants everyday life and capacity, and pattern visualization
of symptoms and feedback are key mechanisms to support
successful implementation [48]. Our results also suggest that
the impact of Web-based solutions would be enhanced if they
were equipped with the ability to adapt to individual users based
on the triangulation of available data and proactively identify
individuals who require additional support to avoid
disengagement.

Among many individuals who failed to achieve engagement
and a reduction in HbA ;. (group 3), the results provide 2 key
insights. First, triangulation with quantitative outcomes (ie, the
PAID5) reveals average borderline emotional distress among
low engagers and dropouts that warrants further clinical
examination. Among low engagers, emotional distressincreased
dlightly from baseline (average PAID5 score of 10.0) to 3
months (average score of 10.8), suggesting it was not effectively
addressed as part of the participants ongoing care.
Diabetes-related emotional distress is significantly related to
HbA . levels [49], underscoring the importance of effectively
targeting distressto achieveimprovementsin glycemic control.
This could be achieved through more targeted clinical care or
by exploring opportunitiesto address emotional distress as part
of a comprehensive Web-based solution. Second, the results
reveal an opportunity to modify the Web-based solution or its
implementation to address currently unmet needs. Low
perceived value and alack of patient-provider interactions are
barriersto engaging in Web-based solutionsfor T2DM [50,51].
Health literacy isalso likely to affect self-management behaviors
[52] and is lower among disengaged patients, indicating the
need to address underlying cognitive and socia skills that
determine an individual’s motivation and ability to understand
and useinformation to inform healthy behaviors. Similar to our
study findings, Lie et a [51] identified that prioritizing other
activities and frustrations with the technology led to aloss of
motivation among dropouts of a\Web-based solutionfor T2DM.
Individuals with T2DM exhibit a variety of dominant coping
mechanisms; however, those exhibiting problem-focused and
avoidance-focused mechanisms are significantly less likely to
be adherent to self-care activities [53]. Web-based solutions
can leverage existing measures to evaluate coping strategiesto
identify individuals who are at risk of suboptimal adherence to
inform the provision of additional support(s) as needed.

Individuals manage chronic conditionswithin different (but not
exclusive) nonprofessional contexts where relationships are
primarily patterned and unreflexive [54]. Reeves et a [55]
demongtrated that health service costswere significantly reduced
for individuals who experience greater levels of illness work
(eg, crisis prevention and management, symptom management,
and disease-specific activities) through their social networks.
I1Iness work was associated with increased self-management,
healthy behaviors, and emotional well-being [55], underscoring
the value of both harnessing and sustaining the potential of
social networks to support the success of self-management
interventions. The Web-based solution did not incorporate a
social function, nor did theimplementation include amechanism
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to integrate the solution into the existing social networks.
Improvementsin clinical outcomesin this study may have been
mediated by strong social networks, as these individuals were
able to successfully incorporate the solution into the existing
routines and negotiate competing priorities. In contrast,
individuals who were unsuccessful or disengaged did not
identify a pre-existing source of social support. The influence
of social mechanismson individual success should be considered
in the design and implementation of Web-based
self-management solutions, aligning with the growing
recognition that self-management must move beyond an
individual -centered view to consider the broader social context
[54,56].

Finally, health care provider feedback enhances the impact of
mobile self-management apps on HbA,. reduction [22],
underscoring the importance of active provider engagement as
asupport strategy in the early stages of implementation, tailoring
support provision throughout the process. In this study, failure
to actively engage health care providers during implementation
may have contributed to alack of sustained engagement among
those participants for whom the Web-based solution failed to
activate change. Further work is needed to understand whether
adaptations to the Web-based solution or its implementation
would have resulted in different outcomesfor these individuals
in their contexts. Our findings suggest that targeting outcome
expectations, addressing diabetes-related emotional distress,
including content to address health literacy, tail oring messaging
according to individual coping strategies, and leveraging social
networks are worthwhile components to consider as part of a
Web-based solution.

Limitations

Participation in the qualitative interviews was voluntary, which
introduces the potential of selection bias. To mitigate this,
purposive sampling was used to capture the perspectives of
participants who had minimal engagement with the Web-based
solution. The transferability of the results is limited by the
inclusion of asmall number of participants across 3 recruitment
sites in a confined geographical area. The inclusion of a small
number of participants and sites was necessary to achieve a
depth of understanding with respect to contextual factors, the
features of the Web-based care solution, and how these relate
to outcomes. The findings of this study serve as a foundation
for future research aimed at achieving a broader understanding
of how Web-based solutions work for different patients in a
variety of health care contexts. Given the lack of health care
provider interaction, it would be beneficial to supplement patient
perspectives with those of their health care providers. Finaly,
a nuanced exploration of the impact of social networks was
beyond the scope of this study. Given the strong influence of
competing priorities as a contextual factor and the pattern of
social support across groups, further work is needed to
understand the extent to which both formal and informal social
networks play a role in mediating the adoption of
self-management behaviors and engagement with the
intervention, which may in turn influence clinical outcomes.
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Conclusions from a Web-based solution and identify those requiring more

Anindividual’s self-efficacy, competing priorities, prior success  I"tensive support and clinical resources. Web-based solutions
with behavior change, and beliefs about their health interact to  could @S0 be optimized to support tailored care, including the
determine engagement with amobile app to self-manage T2DM  Incorporation of the existing readiness- and risk-assessment
and its impact on clinical outcomes. Careful consideration of ~MeaSUIes, to assistin identifying individuals who are at risk of
the balance of these characterigticsis likely to help health care suboptimal adherence to inform the provision of additional
providers identify individuals who are more likely to benefit  SUPPOI(S) as needed.
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Abstract

Background: Treatment rates for social anxiety, a prevalent and potentially debilitating condition, remain among the lowest
of all major mental disorders today. Although computer-delivered interventions are well poised to surmount key barriers to the
treatment of social anxiety, most are only marginally effective when delivered as stand-alone treatments. A new, Web-based
cognitive behavioral therapy (CBT) intervention called Overcome Social Anxiety was recently created to address the limitations
of prior computer-delivered interventions. Users of Overcome Social Anxiety are self-directed through various CBT modules
incorporating cognitive restructuring and behavioral experiments. The intervention is personalized to each user’s symptoms, and
automatic email reminders and time limits are used to encourage adherence.

Objective: The purpose of this study was to conduct a randomized controlled trial to investigate the effectiveness of Overcome
Social Anxiety in reducing social anxiety symptomsin anonclinical sample of university students. As a secondary aim, we also
investigated whether Overcome Social Anxiety would increase life satisfaction in this sample.

Methods: Following €ligibility screening, participants were randomly assigned to a treatment condition or a wait-list control
condition. Only those assigned to the treatment condition were given access to Overcome Socia Anxiety; they were asked to
complete the program within 4 months. The socia interaction anxiety scale (SIAS), the fear of negative evaluation scale (FNE),
and the quality of life enjoyment and satisfaction questionnaire—short form (Q-LES-Q-SF) were administered to participants
from both conditions during baseline and 4-month follow-up lab visits.

Results: Over the course of the study, participants assigned to the treatment condition experienced a significant reduction in
socia anxiety (SIAS: P<.001, Cohen d=0.72; FNE: P<.001, Cohen d=0.82), whereas those assigned to the control condition did
not (SIAS: P=.13, Cohen d=0.26; FNE: P=.40, Cohen d=0.14). Additionally, a direct comparison of the average change in social
anxiety in the 2 conditions over the course of the study showed that those assigned to the treatment condition experienced
significantly more improvement than those assigned to the control condition (SIAS: P=.03, Cohen d=0.56; FNE: P=.001, Cohen
d=0.97). Although participants assigned to the treatment condition experienced aslight increase in life satisfaction, as measured
by Q-LES-Q-SF scores, and those assigned to the control condition experienced a dlight decrease, these changes were not
statistically significant (treatment: P=.35, Cohen d=-0.18; control: P=.30, Cohen d=0.18).

Conclusions: Our findings indicate that Overcome Social Anxiety is an effective intervention for treating symptoms of social
anxiety and that it may have further utility in serving as a model for the development of new interventions. Additionally, our
findings provide evidence that contemporary Web-based interventions can be sophisticated enough to benefit users even when
delivered as stand-alone treatments, suggesting that further opportunities likely exist for the development of other Web-based
mental health interventions.

Trial Registration: ClinicalTrials.gov NCT02792127; https://clinicaltrial s.gov/ct2/show/record/NCT02792127 (Archived by
WebCite at http://www.webcitation.org/6XxGSRh7MG)
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Introduction

Background

Social anxiety disorder is one of the most common anxiety
disorders, with approximately 13% of people being affected at
some point in their lives [1]. Even people who are below the
threshold for clinical diagnosis experience substantial distress
and functional impairment [2]. Furthermore, research has shown
that social anxiety symptoms tend to be persistent at all levels
of severity [3]; that socia anxiety isclosely related to disorders
such as substance abuse, disordered eating, and mood disorders
[4]; and that the impacts of social anxiety can be severein both
private and professional domainsof lifewhenitisleft untreated
[5-7]. The effectiveness of various psychotherapeutic and
pharmaceutical approaches to treating social anxiety—for
example, cognitive behavioral therapy (CBT), selective
serotonin reuptake inhibitors—is well documented [8,9]; yet,
rates of treatment for social anxiety are some of the lowest
among al major mental disorders [10], highlighting the need
for the development of more accessible treatment options for
social anxiety disorder and subclinical social anxiety alike.

Computer-delivered therapy, including computerized CBT, has
become increasingly popular in recent years and holds
substantial promise for increasing access to effective treatment
options for both depression and social anxiety [11]. One of its
major advantages lies in its accessibility to individuals who
experience geographic, financial, or personal challenges for
human-delivered therapy. Notably, because financia and
confidentiality concerns are especially common barriers to
treatment for people suffering from social anxiety [10], the
privacy and relative affordability of computer-delivered therapy
may have particular practical utility for treating social anxiety
relative to other mental disorders. Moreover, because students
infrequently seek help from professionals for mental
health—related problems, but tend to be very comfortable with
modern digital technologies, computer-delivered therapies may
be especially effective among student populations [12]. Given
the high rates of anxiety found among young adults [13], and
university studentsin particular [ 14], exploring the eff ectiveness
of computer-delivered therapies among student populations
may be an especially important area of research.

Computer-delivered therapy programs are not a novel
innovation; in fact, they date back to the 1960s [15]. However,
ameta-analysisfound that the effectiveness of Web-based CBT
treatment programs that are not supplemented by
human-delivered therapy is minimal [16], suggesting that such
programs require improvement before they are delivered as
stand-alonetreatments. A tota of 5 common limitations of many
Web-based CBT treatments have been identified [15]. First,
many treatments do not offer usersindividualized programsto
address their unique symptoms. Second, many programs tend
to providelittle visual or audio surrogate human contact, despite
research attesting to theimportance of therapist-client interaction

http://www.jmir.org/2018/3/e91/

to a program’s success [17]. Third, many Web-based CBT
treatments lack mechanisms to facilitate adherence, and
completion rates of programs can be aslow as 1% [18]. Fourth,
programs often do not provide corrective feedback to
participants who misunderstand important aspects of the CBT
process, such as designing behavioral experiments or
differentiating between thoughts, emotions, and feelings. Finaly,
although administration of an appropriate dose of treatment is
important to CBT’s success (eg, sufficient repetition of CBT
exercises) [19], many treatmentsfail to provide a sufficient dose
of treatment to deliver lasting benefits to users.

Overcome Social Anxiety

A Web-based CBT program designed to reduce social anxiety
symptoms among stuttering popul ations, devel oped specifically
to address the aforementioned 5 limitations, has shown
promising preliminary results across 3 evauative studies
[20-22]. Originally called CBTpsych, the program has recently
been developed into Overcome Social Anxiety, which is no
longer tailored specifically toward stuttering populations. Before
this study, Overcome Social Anxiety has not received empirical
evauation. The program’sclinical content consistsof 7 modules,
as shown in Textbox 1, which are intended to be completed
over a 4- to 6-month period. It was created by 2 professional
clinical psychologists, and employs established CBT procedures
for treating social anxiety. Although participants in this study
were given free access to Overcome Social Anxiety, it is also
availableto the public for purchase. A screenshot of the program
is shown in Multimedia Appendix 1.

Overcome Socia Anxiety has built-in mechanisms to address
each of the 5 common limitations of Web-based CBT treatments
identified above. First, it individualizes treatment programs as
afunction of participants’ responsesto questionnaires about the
symptoms of social anxiety that they experience. Second, the
program provides users with exampl e responses to help ensure
that they understand various aspects of the CBT process (eg,
how to design effective behavioral experiments), mitigating the
need for corrective feedback. Third, to help improve adherence,
usersare given alimit of 6 monthsto complete the program and
are sent automated email reminders to keep using the program
after periods of inactivity. Fourth, the program employs voice
recordings of 2 clinical psychologists explaining important
aspects of CBT to users, in an effort to more closely mirror
psychologist-delivered CBT. Finally, the program is designed
to administer asufficient dose of individualized therapy to effect
lasting reductions in users social anxiety. Specificaly,
Overcome Social Anxiety employs all aspects of CBT widely
accepted today, including the identification of unhelpful
thoughts and avoi dance behaviors, psychoeducation on emotions
and cognitive errors and unhelpful behaviors, the construction
of individual models of social anxiety, the employment of
cognitive restructuring strategies, and engagement in exposure
exercises in the form of behavioral experiments. For more
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detailed information about the program, please refer to the university students who reported symptoms of social anxiety
studies by Helgaddttir et a [20,21]. but had not received a clinical diagnosis for it. Our primary
hypothesis was that participants who were given access to
Hypotheses Overcome Social Anxiety would experience agreater decrease

To investigate the effectiveness of Overcome Social Anxiety, in social anxiety symptoms over a 4-month period than those
we conducted a randomized controlled trial in apopulation of  assigned to await-list control condition.

Textbox 1. Outline of modules employed in Overcome Social Anxiety.

Prequestionnaires

«  Thequestions asked in this section are retrieved from file audit data from cognitive behavioral therapy clinical practice. The user is presented
with a list of 37 common social anxiety thoughts (eg, “1 can’t speak to authority figures’) and a list of 26 common avoidance behaviors (eg,
verbal presentations). The user ranks how relevant the thoughts and behaviors are to his or her particular symptoms of social anxiety, which the
program then uses to individualize the user’s course of treatment.

Module 1: Thinking exercises

« Thevirtua therapeutic relationship is established when the real clinical psychologists introduce themselves via a photograph and a prerecorded
sound clip. This section is designed to familiarize the user with the program’s methods, such as learning to use feedback via sample answers and
voice-overs. Common cognitive errors are described, with exercises designed to educate the user on the relationship between cognition, behaviors,
and emotion.

Module 2: Challenging your thinking

« Theuser is presented with his or her 5 most relevant social anxiety thoughts, and corrective feedback for their particular cognitive errors. The
feedback is drawn from a pool of 296 sample answers written for the back end of the program. The user is asked to write 40 different answers
to challenge his or her thoughts, using the feedback from the sample answers. In this way, the quality of user responsesis shaped acrosstrials.

Module 3: Creating your model

«  Theuser buildshisor her ownidiosyncratic social anxiety formulation. To prevent errorsin constructing the individualized formulation, prewritten
symptoms are selected from alist. These include avoided situations, cognitions driving anxiety and avoidance, safety behaviors, mental images,
and physical anxiety symptoms. All of the above are presented with detailed education using voice recordings of the clinical psychologists
explaining the material.

Module 4: Behavioral experiments

« Inthissection, the formulation created in the previous section is used to select behavioral experiments to target avoidance and safety behaviors.
The user selects an avoided situation from his or her own avoided situations list. The program then creates a behavioral experiment for that
situation targeting one or more different cognitions responsiblefor driving the avoidance and anxiety. The number of experimentsto be completed
in this section is expected to be around 3-10 for each user. The back end of the program has the potential to create 962 different behavioral
experiments for the user. The program determines whether each experiment should be repeated before recommending a novel experiment; this
decision is based on whether the user indicates that he or she would still avoid the previously feared situation.

Module 5: Challenge your thinking further

« Advanced cognitive work is presented in this section with afocus on anger. The user is asked to indicate which anger-related beliefs he or she
has. The program guides the user through reframing his or her beliefs through a cost-benefit analysis. Thisis done using material relevant to the
user's particular thoughts.

Module 6: Self-processing

«  This section targets the maintenance factor of self-focused attention seen in socia anxiety. First, to target biased attention in socia situations,
skills-based attention training [24] is taught to increase the user’s control of attention in social situations. Second, rescripting methods are used
to help update faulty and unhelpful imagery [25]. Individualization is particularly important in this section, as the user hears a voice-over that
rescripts his or her particular image, selected when the user’s tailored formul ation was constructed.

Module 7: Relapse prevention

«  Thissection dealswith relapse prevention and reviewsall the former components of the program. Furthermore, as depression isahighly comorbid
condition in social anxiety, psychoeducation is focused on preventative behaviors that the user can engage in to maintain treatment gains and
reduce negative mood.

Postquestionnaires

«  The questionnaires that the user responded to at the beginning of the program are administered again. The program creates histograms to show
the user his or her scores before and after treatment. The program then creates a PDF document containing all of the program’s materials and the
user’sindividual datafor the user to keep, to help maintain the user’s treatment gains over time.
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Our secondary hypothesiswas that those who were given access
to the program would experience amore positive changein life
satisfaction (ie, a greater increase or a lesser decrease) than
those who were not. The inclusion of life satisfaction as a
secondary outcome reflects atrend toward the devel opment and
use of assessments that complement traditional measures of
symptom severity by capturing broader changesin psychosocial
functioning and quality of life when assessing the impact of
interventions [23].

Methods

Recruitment

A power analysisindicated that we would reguire atotal sample
sizeof 102 participants (ie, 51 per condition) to achieve apower
level of 0.80 at the P<.05 level of significance, 1-tailed,
assuming a moderate effect size of Cohen d=0.5. Our final
sample consisted of 65 students (female 47/65, 72%) at alarge,
public Canadian university, who received credit toward
undergraduate psychology courses for their participation.
Although some research indicates that social anxiety is more
prevalent among women than men (eg, [26]), the unequal sex
ratio in our sampleislikely attributable, at least in part, to the
fact that a mgjority of students in undergraduate psychology
courses at the university at which this research was conducted
are female. Recruitment was conducted online, through this
university’s psychology department’s “Human Subject Pool”
system. The large majority (61/65, 94%) of our participants
were first to fourth year undergraduates. Most were either East
Asian (31/65, 48%) or white (12/65, 19%), with a mean age of
21.86 years (SD 5.51, range 17-46). All data were collected
between September 2016 and June 2017.

All  prospective participants completed a prescreening
guestionnaire online. Participants were deemed eligible for the
study if they reported (1) that they were experiencing some
degree of socia anxiety (see Materials section below), (2) that
they had not received treatment for a chronic mental health
condition within the 6 months before the commencement of
their participation, and (3) that they had not formerly been
diagnosed with social anxiety by a clinician. The resulting
sample was thus one of students who experienced symptoms
of socia anxiety but otherwise reported good psychological
health at the time of their recruitment. We chose to employ a
nonclinical samplefor thisstudy to (1) provide arigorousinitial
test of Overcome Social Anxiety inapopulation of participants
whom we expected to be less vulnerable than those with
clinically diagnosed anxiety, before expanding our testing to a
clinical sample, and (2) explorethe potential utility of Overcome
Social Anxiety in abroad, diverse user base for whom the use
of digital technologiesisnormative and frequent. The full study
protocol was approved by the local ingtitutional ethics board.

Materials

Our materials included an eligibility questionnaire, a baseline
guestionnaire, afollow-up questionnaire, and Overcome Social
Anxiety, the program whose effectiveness this study was
designed to assess.
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The €ligibility questionnaire included the 3-item mini-social
phobiainventory (Mini-SPIN) [27], aswell as 4 socia anxiety
assessment items from the Diagnostic and Satistical Manual
of Mental Disorders (5th edition; DSM-5) [28], al of which
were selected to assess prospective participants' reliance on
“safety behaviors’ to quell their social anxiety symptoms.
Prospective participants responded (1=not at all, 2=alittle bit,
3=somewhat, 4=very much, 5=extremely) to each of the 3
Mini-SPIN items (eg, “| avoid activitiesin which | am the center
of attention”) and the 4 DSM-5 items (eg, “1 spend alot of time
preparing what to say or how to act in socia situations’).
Internal consistency for this 7-item scalewas good in our sample
(Cronbach apha=.88). Those who endorsed at least 1 of these
7 items with very much or extremely were considered eligible
to participate. This criterion was recommended by the third
author, who is a professional clinical psychologist. The
eligibility questionnaire was also used to screen out those who
had formerly been diagnosed with social anxiety disorder by a
clinician or had received treatment for a chronic mental health
condition within the past 6 months.

The baseline questionnaire consisted of ademographics section,
the social interaction anxiety scale (SIAS) [29], the fear of
negative evaluation scale (FNE) [30], and the quality of life
enjoyment and satisfaction questionnaire—short form
(Q-LES-Q-SF) [31]. The multigroup ethnic identity
measure—revised [32] was also included in the baseline
guestionnaire to examine separate research questions about
ethnic identity and social anxiety. The follow-up questionnaire
consisted of the SIAS, FNE, and Q-LES-Q-SF, with an
additional section for treatment condition participantsto provide
feedback on their experiences using Overcome Social Anxiety.

The FNE isawidely used measure of social anxiety. It consists
of 30 binary-choice items, each of which yields a score of 0 or
1, depending on how it is answered, for a total score ranging
from 0 to 30. The scale was found to be valid at the time of its
initial publication [30], and subseguent research has confirmed
that the FNE converges with other measures of social anxiety
[33], discriminates between social anxiety and other anxiety
disorders [34], and distinguishes between those who exhibit
psychological processes characteristic of social anxiety and
those who do not [35].

The SIAS measures social anxiety aswell. The total of scores
for each of its 20 items (O=not at all, 1=dlightly, 2=moderately,
3=very, 4=extremely) are summed for atotal score between 0
and 80, inclusive. This measure's validity and reliability have
been demonstrated [29,36].

Finaly, the Q-LES-Q-SF is a measure of life satisfaction.
Although it includes 16 items, the last 2 are stand-alone items;
therefore, the final score is derived from the sum of responses
to the first 14 items (1=very poor, 2=poor, 3=fair, 4=good,
5=very good), each of which addresses satisfaction in adifferent
domain of life (eg, economic status, social relationships).
Research has found the Q-LES-Q-SF to bereliable, valid [31],
and useful among diverse populations [37].
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Procedure

Before recruitment, each participant number (ig, first participant,
second participant) was randomly assigned, without
stratification, to the treatment or wait-list control condition.
This predetermination of condition allowed the attending
research assistant to prepare the appropriate study materialsin
advance of each participant’s scheduled lab visit. During their
baselinelab visits, those assigned to the control condition were
given a brief explanation of the general purpose of the study
and, after giving their consent to participate, were asked to
complete the baseline questionnaire. Those assigned to the
treatment condition compl eted these same procedures, but were
also given averbal overview of Overcome Social Anxiety, were
left alone to browse the program’s website for 8 min, and were
set up with an Overcome Social Anxiety account by the
attending research assistant.

During the 4-month interval between participants’ baseline and
follow-up lab visits, participantsin the treatment condition were
sent reminders to continue using the program and information
about requirements for the reception of course credit 1 month
before the deadline for the completion of certain modules.
Participantswere granted course credit incrementally depending
on their progress in Overcome Socia Anxiety. The maximum
amount of course credit a participant could receive was
redeemable for a 3% grade increase in each of 2 psychology
courses. At their follow-up visits, which were scheduled to
occur 4 months after the initial visits, participants were asked
to complete the follow-up questionnaire. Those assigned to the
control condition were then given access to Overcome Social
Anxiety. All participants were debriefed before their
participation was terminated.

Statistical Analysis

The primary dependent variable was the change in the severity
of participants social anxiety symptoms during the 4 months
between their baseline and follow-up lab visits, as measured by
the SIAS and the FNE. The secondary dependent variable was
the change in participants’ life satisfaction over that period of
time, as measured by the Q-LES-Q-SF. For each of these 3
measures, within-subjects t tests were employed to determine
whether baseline scores differed from follow-up scoresfor each
condition. Additionally, a change score was calculated as the
difference between each participant’s baseline and follow-up
score for each measure; between-subjects t tests were then
employed to compare these change scores, for each measure,
across the 2 conditions.

In addition to the aforementioned analyses of data from
participants who completed both baseline and follow-up
assessments, baseline characteristics of those lost to follow-up
were compared with those who completed the study using
between-subjectst testsand chi-squaretests. Multipleimputation
using SPSS version 24 (IBM Corp., Armonk, NY) [38] was
used to produce 5 datasets with individual missing values on
the SIAS, FNE, and Q-LES-Q-SF imputed via a series of
multiple linear regression models (monotone method) that
predicted missing responses on each outcome measure using
sociodemographic and the other outcome variables. The 5
imputed datasets were then used to conduct pooled
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between-subjects t test analyses of difference scores on the
SIAS, FNE, and Q-LES-Q-SF between treatment and control
conditions and the results compared with the initial
between-subjects t test analyses based on data from complete
Cases.

Results

Retention of Participants

Overall, 264 prospective participants completed the eligibility
questionnaire, 173 of whom were deemed dligibleto participate.
Of the 101 students who participated, 51 were assigned to the
treatment condition. Out of the participants assigned to the
treatment condition, 1 withdrew from the study beforereceiving
theintervention due to a misunderstanding of the time required
to participate in the study. A total of 30 (30/50, 60%) treatment
condition participants and 35 (35/50, 70%) wait-list control
condition participants returned for their follow-up lab visits.
Although we have no datathat directly addresswhy asubstantial
proportion of our participants were lost to follow-up, likely
reasons are that participants did not require further research
participation credit toward undergraduate psychology courses,
and that participants—al of whom were university
students—were subject to many competing pressures (academic,
social, financial, etc), and completing their participation in our
study was not a high priority for them.

No significant differences in baseline social anxiety scores
(SIAS and FNE), quality of life (Q-LES-Q-SF), age, ethnicity,
and gender were found between participants who completed
the study and thosewho did not (all P>.05, t tests, and chi-square
tests). The P value for Little test [39] was not significant
(x24=3.8 P=.43), providing support for the assumption that the
missing follow-up data were missing completely at random.

Theflow of participantsthrough thetrial isdisplayed in Figure
1.

Baseline Characteristics

The mean SIAS score for the treatment condition was 38.07
(SD 12.75); for the wait-list control condition, the mean SIAS
score was 43.60 (SD 13.16). These mean values confirm that
our participants had high levels of social anxiety. In comparison,
the mean SIAS scores reported by the scal€'s creators in a
general undergraduate sample, and in a community sample,
were 19.0 (SD 10.1, n=482) and 18.8 (SD 11.83, n=315),
respectively [29]. Indeed, the SIAS means in our sample even
exceeded those in a sample of people diagnosed with social
phobia (mean 34.6 [SD 16.4], n=243) [29]. Likewise, mean
FNE scoresfor thetreatment (mean 21.40 [SD 6.96]) and control
conditions (mean 23.37 [SD 5.53]) in our study were high in
comparison with the mean scores of undergraduate samples
found by the FNE scal€'s originators (mean 15.47 [SD 8.62],
n=205) [30] and others(eg, mean 14.26 [SD 7.72], n=539) [ 35].
Importantly, independent samplest testsreveal ed no significant
differences in mean baseline scores between those assigned to
the wait-list control condition and the treatment condition on
the SIAS (tg=1.71, P=.09), FNE (tg=1.27, P=.21), or
Q-LES-Q-SF (t53=0.35, P=.72). Mean questionnaire scores at
baseline, among other statistics, are summarized in Table 1.
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Effectiveness of the I ntervention

Participants assigned to the treatment condition experienced a
significant reduction in socia anxiety symptoms according to
both the SIAS (t,4=3.94, P<.001, Cohen d=0.72) and the FNE

(t,=4.48, P<.001, Cohen d=0.82), whereas those assigned to
the wait-list control condition did not (SIAS: t;,=1.55, P=.13,
Cohen d=0.26; FNE: t3,=0.85, P=.40, Cohen d=0.14; see Figures

Figure 1. Flowchart of participation.
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2 and 3). Neither treatment nor control condition participants
experienced a significant change in life satisfaction over the
course of the study, as measured by the Q-L ES-Q-SF (treatment:
t,g=—0.96, P=.35, Cohen d=-0.18; control: t33=1.05, P=.30,
Cohen d=0.18). These results are depicted in Table 2. We also
compared the 2 conditions with one another directly through
an independent-sampl est test using participants' change scores
(difference between their baseline and follow-up scores).

Enrollment ‘ ‘ Assessed for eligibility (n=264)

Excluded (n=163)

» + Not meeting inclusion criteria (n=91)
+  Declined to participate (n=72)

‘ Randomized (n=101) ‘

Allocation v

L

Allocated to Overcome Social Anxiety

(n=51)

* Received allocated intervention
(n=50)

» Did not receive allocated intervention
(could not commit time; n=1)

Lost to follow-up (n=21)

Analyzed (n=30)
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Table 1. Participant characteristics at baseline.

Characteristic Treatment (n=30) Control (n=35) Total (N=65)
Female, n (%) 19 (63) 28 (80) 47 (72)
Ethnicity

White, n (%) 7(23) 5(14) 12 (18)

Asian, n (%) 19 (63) 21 (70) 40 (62)

Other, n (%) 4(13) 9(26) 13(20)
Ageinyears, mean (SD) 21.53 (4.09) 22.14 (6.53) 21.86 (5.50)
Social interaction anxiety scale, mean (SD) 38.07 (12.75) 43.60 (13.16) 41.05(13.17)
Fear of negative evaluation scale, mean (SD) 21.46 (6.96) 23.37 (5.53) 22.46 (6.26)
Quiality of life enjoyment and satisfaction questionnaire—short form, mean (SD) 0.61 (0.13) 0.62 (0.14) 0.61 (0.14)

Figure2. Mean socia interaction anxiety scale (SIAS) scores at baseline and 4 months. Error bars represent 95% Cls.
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Figure 3. Mean fear of negative evaluation scale (FNE) scores at baseline and 4 months. Error bars represent 95% Cl.
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Table 2. Socia anxiety symptoms and life satisfaction at baseline and 4-month follow-up.

Condition and time of measurement Social interaction anxiety scale Fear of negative evaluation scale Q-LES-Q-SF?
Treatment (n=30)
Baseline, mean (SD) 38.07 (12.75) 21.40 (6.96) 60.77 (13.32)
4 months, mean (SD) 30.73 (11.12) 16.50 (8.29) 62.81 (15.53)

Change” t)9=3.94, P<.001, d=0.72

Control (n=35)
Baseline, mean (SD) 43.60 (13.16)
41.43 (13.82)

t34=1.55, P=.13, d=0.26

4 months, mean (SD)

Changeb

tpg=4.48, P<.001, d=0.82 tyg=—-0.96, P=.35, d=-0.18
23.37 (5.53)
22.91 (6.13)
t34=0.85, P=.40, d=0.14

61.99 (14.17)
60.66 (13.77)
t35=1.05, P=.30, d=0.18

8Q-LES-Q-SF: Quality of life enjoyment and satisfaction questionnaire—short form. In each condition, 1 participant did not complete the Q-LES-Q-SF
during the follow-up visits. Data presented in this column for 4-month follow-up and 4-month change are thus based on responses from 29 treatment

condition and 34 control condition participants.

OThis row displays the results of within-subjectst tests comparing participants’ baseline scores with their follow-up scores for each measure.

Those assigned to the treatment condition experienced a
significantly greater reduction in anxiety than those assigned
to the control condition, for both the SIAS (tg5=2.25, P=.03,
Cohen d=0.56) and FNE (equa variances not assumed;
t4254=3.65, P=.001, Cohen d=0.97). No significant differences
were found between the 2 conditions' changesin Q-LES-Q-SF
scores (tg;=—1.41, P=.16, Cohen d=0.36).

To assess the potential impact of missing data, multiple
imputation was then used to create 5 imputed datasets, and
independent-samplest tests were used to compare participants
SIAS, FNE, and Q-LES-Q-SF change scores across treatment
and control conditions. Those assigned to the treatment condition
experienced a significantly greater reduction in anxiety than
those assigned to the control condition, for both the SIAS
(t17,=2.12, P=.04, Cohen d=0.32) and FNE (t;,,=3.63, P<.001,
Cohen d=0.69). No significant differences were found between
the 2 conditions' changes in Q-LES-Q-SF scores (t,g=—1.01,
P=.32, Cohen d=0.29).

Acceptability of the Intervention

Feedback obtained from the 30 treatment condition participants
at follow-up was generaly positive. Overall, 80% (24/30) of
users reported that the quality of support they received from
Overcome Social Anxiety was “good” or “excellent,” 87%
(26/30) reported “ generally” or “ definitely” getting the kind of
support they wanted from the program, 83% (25/30) responded
with“1 think so” or “definitely” when asked whether they would
recommend Overcome Social Anxiety to a friend in need of
similar help, 80% (24/30) reported being “mostly satisfied” or
“very satisfied” with the program overal, and 77% (23/30)
reported that the program “helped” them or “helped [them] a
great deal” to deal more effectively with their problems.

Discussion

Principal Findings
The primary dependent variable of this study was change in

social anxiety symptoms over a4-month period. Our hypothesis,
namely, that those assigned to the treatment condition would

http://www.jmir.org/2018/3/e91/

experience a greater reduction in social anxiety than those
assigned to the wait-list control condition, was well supported
by both the SIAS and FNE results. Indeed, the effect sizes for
treatment condition participants’ reduction in socia anxiety
symptoms over the course of the study, as measured by both
the SIAS (Cohen d=0.72) and FNE (Cohen d=0.82), were
approximately triple the mean effect size of 6 stand-alone,
internet-based CBT treatments for anxiety and depression
(Cohen d=0.24) found in a meta-analysis [16]. A direct
comparison of the treatment and wait-list control conditions
4-month change scores on the FNE also revealed alarge effect
size (Cohen d=0.97). Infact, this effect waslarger than the mean
effect size, calculated between conditions, of 19 randomized
controlled trials of computer-aided interventions for anxiety
disordersfound in areview (mean Cohen d=0.96) [40], despite
the fact that the interventions in this review all benefited from
therapist support. Thisissurprising, given the clear relationship
the authors of this review found between the effect sizesin these
19 studies and the amount of therapist support those studies
participants received. In other words, even though therapist
support appears to contribute substantially to the effectiveness
of computer-delivered CBT for anxiety, our findings indicated
that Overcome Social Anxiety is comparably effective to
therapist-assisted interventions when delivered as a stand-alone
treatment.

Our secondary hypothesis was that those assigned to the
treatment condition would experience a more positive change
inlife satisfaction from baselineto follow-up than those assigned
to the control condition. Our results did not support this
hypothesis, as neither the differences between treatment
condition participants’ baseline and follow-up Q-LES-Q-SF
scores (P=.30, Cohen d=-0.18) nor the differences between
treatment and control participants’ baseline-to-follow-up change
scores on that measure (P=.16, Cohen d=0.36) were significant.
Descriptively, however, participantsin the treatment condition
showed a small increase in life satisfaction over the 4-month
period, whereas participants in the control condition showed a
small decrease. It may be that further gainsin life satisfaction
require additional time, post treatment, to accrue. Alternately,
the most clear-cut effects of the intervention may be relatively
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specific to social anxiety symptoms, with less generalization to
life satisfaction.

Finally, participants extreme scores on both the SIAS and the
FNE suggest that—although we excluded those who had
formerly been diagnosed with social anxiety—many of our
participants may have met diagnostic criteria for the disorder
had they previoudly received help. To the extent that thisistrue,
it provides an unintended illustration of the severity of social
anxiety’s undertreatment among university students.

Limitations and Future Research

On account of asmaller initial sample size and higher dropout
rate than we had anticipated, we failed to reach our target sample
size. The lack of significant differences in baseline
characteristics between participants who werelost to follow-up
and those who completed the study and the results of the
multiple imputation support the interpretation of results based
on the analyses of complete cases. However, our sample's
unequal sex distribution, generally homogenous age distribution,
and unanimously high level of education all limit the
generalizability of our findings to other populations. Although
not presented in the results, separate subgroup analyses of males
and females showed a similar pattern of results to the pooled
results, suggesting that the intervention is equally effective in
males and females.

Interms of future research, it would beinformativeto investigate
the program’s effectiveness among clinical populations and
populations less comfortable with digital technology than the
students who participated in our study.

Because the wait-list control condition did not receive any
treatment, the treatment condition’s greater reduction in social
anxiety symptoms may be attributable, at least in part, to an
expectancy effect. It should be noted, however, that because
Overcome Social Anxiety is targeted primarily toward those
for whom access to human-delivered treatment is limited, any
benefit to users—whether attributable to the content of the
program itself or attributable to an expectancy effect—is a
desirable outcome. Nonetheless, comparing the effectiveness
of Overcome Socia Anxiety with that of other Web-based and
human-delivered treatments would be an important avenue for
future research.

Additionally, the research assistants who provided instructions
to participants during the follow-up session were aware of
participants’ conditions due to prior correspondence and
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interaction with them. This introduces the possibility of an
experimenter effect in our outcome measures, athough we
believe that any such effect would have been mitigated by the
fact that research assistants were positioned such that they were
unable to see the computer screen on which participants
completed questionnaires. However, future research evaluating
the effectiveness of Overcome Social Anxiety would benefit
from blinding those who administer outcome measures to each
participant’s condition.

Interestingly, the fact that participation in this study was
extrinsically motivated through our granting of course credit
may have affected our findings in 2 opposing ways. On one
hand, it is reasonable to suppose that the program may have
been less effective among our extrinsically motivated
participants than it would be among the program'’s intended
users, whom we presume to have predominantly intrinsic
motivations for using it; for example, extrinsically motivated
users may simply put less effort than intrinsically motivated
users into maximizing their benefit from the program. On the
other hand, our incremental granting of course credit—which
was contingent upon the number of modules each treatment
condition participant completed—may haveartificially inflated
adherence in our sample. Thus, participantsin our sample may
have benefited less from their usage of the program, per hour
of use or per module completed, but spent more hours and
completed more modules overall than the typical intended user.

Although our findings provide preliminary evidence that
Overcome Social Anxiety is effective, further research will be
required to elucidate which elements of the program contributed
most to its effectiveness. Future research comparing several
variants of Web-based interventions could prove particularly
fruitful in discerning which aspects of a Web-based intervention
are most important to its ultimate success.

Conclusions

Our findings show that Overcome Social Anxiety isan effective
program for reducing social anxiety symptoms. Additionally,
the mechanisms it employs to overcome the limitations of
previous Web-based CBT interventions appear to have been
successful and may thus help guide the development of future
Web-based treatments. Finally, our results indicate that
developments at the intersection of psychology and technology
are now sufficient to create effective, stand-alone,
computer-delivered therapy programs, highlighting the
opportunity for further research in this exciting area.
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Multimedia Appendix 1
Screenshot of Overcome Social Anxiety.
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Multimedia Appendix 2
CONSORT-EHEALTH checklist (V 1.6.1).
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Abstract

Background: Theintegration of body-worn sensorswith mobile devices presents atremendous opportunity toimprovejust-in-time
behavioral interventions by enhancing bidirectional communication between investigators and their participants. This approach
can be used to deliver supportive feedback at critical moments to optimize the attainment of health behavior goals.

Objective: The goals of this systematic review were to summarize data on the content characteristics of feedback messaging
used in diet and physical activity (PA) interventions and to develop a practical framework for designing just-in-time feedback
for behavioral interventions.

Methods: Interventions that included just-in-time feedback on PA, sedentary behavior, or dietary intake were eligible for
inclusion. Feedback content and efficacy data were synthesized descriptively.

Results: The review included 31 studies (15/31, 48%, targeting PA or sedentary behavior only; 13/31, 42%, targeting diet and
PA; and 3/31, 10%, targeting diet only). All studies used just-in-time feedback, 30 (97%, 30/31) used personalized feedback, and
24 (78%, 24/31) used goal-oriented feedback, but only 5 (16%, 5/31) used actionable feedback. Of the 9 studies that tested the
efficacy of providing feedback to promote behavior change, 4 reported significant improvementsin health behavior. In 3 of these
4 studies, feedback was continuously available, goal-oriented, or actionable.

Conclusions. Feedback that was continuously available, personalized, and actionable relative to a known behavioral objective
was prominent in intervention studies with significant behavior change outcomes. Future research should determine whether all
or some of these characteristics are needed to optimize the effect of feedback in just-in-time interventions.
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Introduction

Recent advancements in technology, particularly the advent of
activity monitors and other wearable body sensors, have the
potential to influence innovations in diet and physical activity
(PA) assessment and interventions. According to 2013 Pew
statistics[1], 7 in 10 US adultsreport tracking at least one health
indicator (eg, weight, diet, exercise, blood pressure, blood sugar,
or sleep patterns), and of people who track a health indicator,
46% report that such tracking has changed their approach to
health maintenance, 40% say it has led them to engage with
health care providers, and 34% say it has affected adecision on
how to treat an illness or condition. However, only 21% of
people who track a health indicator say that they used some
form of technology to assist their tracking efforts. These data
highlight that health-tracking technology is surprisingly
underutilized as aresource to motivate health behavior change.
However, studies testing the efficacy of health-tracking
technology to motivate behavior change alone or as part of a
theory-based behavioral intervention have shown that such
technol ogy-based approaches produce null to modest short-term
improvementsin health behaviors or weight loss compared with
traditional approaches (eg, in-person coaching and telephone
coaching) [2-4]. One potential reason for these lackluster
findingsisthat our current behavioral theories have not yet been
adapted to leverage the advantages of health-tracking
technologies.

Wearable sensors, particularly Internet-connected sensors, can
dramatically enrich the temporality and frequency of health
behavior data collection by facilitating self-monitoring and
reducing self-report biases. Another important but lessrealized
advantage of wearable sensor technology is its bidirectional
communication capability. The latest health trackers are
equipped with interactive software apps housing algorithms that
allow data to be processed in real time to deliver actionable
feedback at critical momentsin aperson’sdaily lifeto facilitate
the attainment of predetermined health behavior goals. These
features are likely to enhance bidirectional communication
between investigators and their study participants or between
patients and their health care providers, thereby improving the
users engagement with the technology and subsequently
facilitating intervention adherence and improving health
outcomes. Technology-enhanced interventions are likely the
future of behavior change research; however, the use of
fast-advancing technologies that enable just-in-time
interventions is outpacing the adaptation of theory-based
intervention design [5].

Performance feedback is a key, theory-based behavior change
strategy [5] that has not been optimally adapted for
technology-enhanced interventions. Performance feedback is
historically defined as actions taken by (an) external agent(s)
to provide information regarding some aspect(s) of one's

http://www.jmir.org/2018/3/e106/

task-specific performance [ 6]. Several behavior changetheories,
including control theory [7,8], goal-setting theory [9], and social
cognitive theory (SCT) [10], deem feedback to be an important
component of successful behavior change. Although the
rationale for using feedback varies across these theories, each
characterizes feedback as a self-regulation strategy that reveals
to people their progress in relation to their goal(s) [7-10]. In
addition, the feedback intervention theory (FIT) posits that
feedback, asacomponent of behavioral interventions, motivates
behavior change by focusing one's attention on the behavioral
task itself [6], which introduces theimportance of timing in the
delivery of feedback messages. Collectively, these theories
indicate that feedback should be personalized and goal -oriented
and presented when attention could be refocused to improve
the likelihood of goal attainment. These characteristics are
consistent with the strategy of using feedback in just-in-time
behavior change interventions [5,11,12]. Just-in-time
interventions are those which are delivered when there is an
opportunity for positive change. Performance feedback
represents a type of support that can be delivered at important
decision pointsrel ative to a specific behavior and the attainment
of related behavioral goals. However, the use of feedback and
its content varies widely within behavioral domains, such as
learning, professional care practice, and employee performance
[13]. Furthermore, there is limited systematic analysis of the
characteristics and use of feedback in heath behavior
interventions. The paucity of literature in the area of health
behavior change might be limiting our ability to optimize
feedback content to obtain the greatest intervention effect.

Severa studies have reviewed the efficacy of digital health
technology to promote weight control, PA, and healthy diets.
These reviews generally support the use of technology for
self-monitoring and intervention delivery, but they also
acknowledge that the content and design of futureinterventions
will need more rigorous evaluation to optimize their effects
[12,14-16]. In ahistorical perspective and meta-analysis, Kluger
and Denisi [6] found that feedback interventions significantly
improved performance. The authors concluded that feedback
that is more likely to have a positive effect on behavior change
is specific to a familiar task (ie, personalized) and attracts
attention to discrepancies between current performance and a
desired goal or target at the task level (ie, goal-oriented). They
further suggested that feedback should contain cuesthat support
one’s performance of the task (ie, should be action-oriented).
In a more recent systematic review and meta-anaysis,
Sherrington and colleagues [17] showed that participants
enrolled in weight lossinterventionsthat provided personalized
feedback lost on average 2.13 kg (P<.001) more weight than
those in control groups who received no feedback. Although
their review provided evidence that feedback was an effective
behavior change strategy in weight lossinterventions, it lacked
an in-depth characterization of effective feedback components
to be applied in future studies. Collectively, these reviews
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support the use of feedback to motivate health behavior change,
particularly in the context of diet and PA, and point to key
characteristics of potentially effective feedback. To date,
however, there has been no framework developed for designing
feedback to be wused technology-enhanced behaviora
interventions.

The primary goal of thisreview wasto (1) Provide areview of
diet and physical activity (PA) interventionsthat usejust-in-time
feedback as a behavior change technique (BCT); (2)
Characterize key aspects of the reviewed studies feedback
content characteristics, prompting style, and delivery methods;
and (3) describe how the implementation of these key aspects
differed by studies that found significant effects of using
feedback to motivate behavior change (intervention efficacy).
Our secondary goal was to develop a practical framework for
designing feedback that could be incorporated into
technology-enhanced just-in-time interventions. We focused
on feedback characteristics inferred from the theoretical and
historical foundations of the use of performance feedback as a
health behavior change strategy: timeliness, personalization,
action orientation, and goal orientation.

Methods

Literature Search

Two authors (SMS and YL) with the assistance of a medical
librarian (RSH) devised systematic strategiesto search the Ovid
MEDLINE, Ovid EMBASE, PubMed, Cochrane Library,
Scopus, and Psychinfo databases for al relevant literature
published through December 2016. Searches were limited
articles written in the English language and conducted in
humans. Database search strategies included the use of
controlled vocabulary (eg, Medica Subject Headings and
Emtree) and keywords to identify studies addressing PA or diet
in conjunction with feedback. Keywords included physical
activity, exercise, diet, eating, intervention, and feedback.
Additionally, the bibliographies of topically relevant review
papers and al included studies were examined to identify any
additional studies.

Study Inclusion and Exclusion Criteria

Eligible studies included (1) Just-in-time feedback as an
intervention component and (2) Targeted behavior changes that
included PA, sedentary behavior, or dietary intake. Just-in-time
feedback was defined on a case-by-case basis as any feedback
that focused on participants daily PA, sedentary behavior, or
dietary intake and that was provided within 1 min to 1 day of
assessing current performance, as appropriate to each
intervention or behavior change goal. Studies with multiple
feedback components were included, but at least one type of
delivered feedback must have met this definition of just-in-time
feedback.

Studieswere excluded if (1) theintervention-targeted behaviors
were off-topic (eg, studies of clinical education, personnel,
management, medication adherence, blood glucose
self-monitoring, and symptom management); (2) no intervention
outcome results were reported (eg, protocol papers); (3) the
time frame for providing feedback was greater than 1 day (eg,
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weekly performance summaries); (4) no or inadequate feedback
was provided (eg, studies of performance tracking without
evaluation); or (5) they reported the secondary outcomes of an
included intervention.

Data Extraction and M anagement

Datawere extracted into a structured coding form according to
Preferred Reporting of Systematic Reviewsand Meta-Analyses
(PRISMA) guidelines [18] and the Cochrane Handbook for
Systematic Reviewsof Interventions[19]. Fivereviewers (SMS,
YL, MCR, MEH, and TB) extracted characteristics and
outcomes from all studies using a standardized data extraction
form. The following information was extracted: (1) genera
study characteristics (ie, country of study, study type, participant
population, participant demographics, and study sample size);
(2) intervention characteristics (ie, intervention name, study
design, intervention duration, behavioral theories used, and
intervention goals); (3) just-in-time feedback characteristics
(eg, content, delivery frequency, and delivery mode); and (4)
intervention results (ie, within-group changes and between-group
comparisons in targeted behaviors and weight outcomes). A
copy of the data extraction form is provided as Multimedia
Appendix 1. A comparison of the extracted dataacrossreviewers
was conducted (SMSand YL ). Differencesin the extracted data
were resolved by a discussion between the expert reviewers
(SMSand YL) to complete the dataset.

Assessing each study for risk of bias was performed using the
2010 version of the Quality Assessment Tool for Quantitative
Studies [20]. An overal quality score for each study was
assigned based on theratingsfor six domains: (1) selection bias,
(2) study design, (3) confounders, (4) blinding, (5) data
collection methods, and (6) withdrawals and dropouts. The
information extraction and quality assessment for each study
was performed independently by two reviewers (YL and MCR).
Discrepancies between reviewers' ratings were resolved through
discussions that led to aconsensus (YL, MCR, and SMS).
Analysis

A meta-analysis was not possible owing to substantial
heterogeneity in study design, study quality, intervention type,
and outcome measures, aswell asalack of studiesthat explicitly
tested the efficacy of using feedback as a BCT. Furthermore,
the primary and secondary outcomes of the studies varied
widely. We limited our summary of results to primary and
secondary study outcomes that were specific to changesin PA,
dietary intake, or body weight or body composition. Consistent
with the design of a previous review [6], two key criteria were
used to determine whether a study explicitly tested feedback:
(1) the study had at least one treatment group that received
feedback that was not confounded with other manipulations
(not matched in the control group) and (2) the study included
at least one control group or quasi-control group that received
no feedback. Data were synthesized narratively rather than
guantitatively.
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Results

Literature Search

The literature search yielded 4239 studies, of which 909 were
duplicates, leaving 3330 articles to be screened for digibility.
A total of 3083 articles were excluded upon title or abstract
screening because they were unrelated to diet or PA, had no
reported outcomes, were nonintervention studies, or had
ineligible feedback features. Thus, 246 full-text articles were
assessed for eligibility. After 215 articles that did not meet the
inclusion criteriawere excluded, 31 studieswith atotal of 6623
participantswereincludedin thereview (see PRISMA diagram,
Figure 1).

Characteristics of Included Studies

The studies characteristics are summarized in Multimedia
Appendix 2. Studies varied by the behavior about which
feedback was provided and by their sample size, population,
design, and duration. Of the 31 studies, 3 focused on diet- or
nutrition-related behavior only [21-23], 15 focused on PA or
sedentary behavior only [24-38], and 13 focused on both diet
and PA [39-51]. The median number of study participants was
83 (range=10-1488). Studies were conducted in the United
States, the United Kingdom, the Netherlands, Australia,
Belgium, Denmark, Hong Kong, Ireland, Japan, Portugal, and
South Korea and included adults (=18 years), children (<18
years), or young adults (17-26 years). The participants weight

http://www.jmir.org/2018/3/e106/

Schembre et d

statuses were not consistently reported, but at least 11 studies
enrolled only overweight or obese individuals
[21,22,24,25,39,40,43,47,49-51]. A total of 28 studies were
randomized controlled trials (level of evidence 1)
[21-24,26,27,29-41,43-50], 5 of which used -clustered
randomization [23,31,32,35,36] (level of evidence I). The 4
remaining studies used within-subjects single-arm [28,42,51]
or counterbalanced designs [25] (level of evidence I1). Study
duration ranged from 2 weeks to 24 months. Four studies
[31,32,35,41] had postintervention follow-up periodsthat ranged
from 4 weeks to 6 months.

Risk of Bias

The 31 studies' risks of bias are summarized in Multimedia
Appendix 3. Using the current Quality Assessment Tool for
Quantitative Studies [20], we determined that 18 studies had a
moderate global rating, 9 had a weak global rating, and 4 had
astrong global rating. All but 4 studies received a strong study
design rating for being randomized controlled trials. A total of
25 studies received strong scores for controlling for potentially
confounding variables, 23 studies used data coll ection measures
with demonstrated reliability and validity, and 19 studies had
retention rates of 280% across conditions. Therisk of selection
bias posed the greatest threat to validity; 22 studies received a
weak score in this domain. Blinding was rated as weak in 4
studies;, however, the assessment tool we used may have
underestimated this bias [52]. Most studies did not describe
blinding procedures for research staff or participants.
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Figure 1. Preferred Reporting of Systematic Reviews and Meta-Analyses (PRISMA) diagram.
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Feedback Features of Included Studies

The 31 studies varied in the content, frequency, timing, and
delivery of feedback, aswell asin the methods used to monitor
targeted behaviors and the theoretical foundations that guided
the feedback content. Multimedia Appendix 4 provides a full
description of the feedback features the studies used and a
summary of the key features described bel ow.

Theoretical Foundation

In 24 studies [22-24,26,27,29-31,33-44,46,48-50], behavior
change theories or guiding principles were used as the
foundation for the use of feedback as a BCT. The most
frequently endorsed behavior change theories was the SCT (9
studies) [23,27,29,31,39-41,48,49]. Other theories that were
endorsed by at least two studies included the control theory
[33,34], the hedlth belief model [31], and the transtheoretical
model or Stages of Change [38,49]. A total of 8 studies
[22,30,31,35-37,42,43] reported using a combination of three
or more theories or guiding principles. A total of 7 studies
[21,25,28,32,45,47,51] did not specify aguiding theory.

Feedback Content

By its design, this review included only studies that delivered
just-in-time  feedback. In 10 studies [21,25,30,31,
33,35-37,43,49], feedback was available continuoudly, in 3
[27,45,46], feedback was provided at multiple times daily, and
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in 18[22-24,26,28,29,32,34,38-42,44,47,48,50,51,53], feedback
was provided once daily. All but one study [32], which provided
team-based feedback, gave personalized feedback that reflected
the person’s own performance. Feedback also often included
performance summary information; however, not al feedback
was goal-oriented. A total of 24 studies [21-25,27-30,
33-35,37-41,44-48,50,51] provided graphical or other visual or
verbal feedback on performance relative to known goals or
targets, and 8 studies[26,31,32,36,42,43,49] incorporated only
raw performance summariesinto the feedback. Of the 24 studies
that provided goal-oriented feedback, 12 [21-25,27-29,
33,38,45,46] had either self-selected, incremental, or adaptive
goals, and 12 [30,34,35,37,39-41,44,47,48,50,51] utilized static
goals, targets, or published recommendations (eg, 10,000 steps
per day). Goal-oriented feedback that referenced standardized
or adaptive thresholds or recommendations was either
cumulative (eg, progress toward daily goals) [22-24,28-30,
34,37-41,44,46-48,50,51] or amed a  motivating
health-promoting behavior within the day to achieve or maintain
a specific behavioral target or threshold throughout that day
(eg, achieving daily dietary fat goals) [21,25,27,33,35,45]. In
only 5 studies [21,25,30,39,45], the feedback was actionable,
meaning that it incorporated instructions that explicitly
communicated when, where, and how to enact a goal-directed
behavior.
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Feedback Prompting and Delivery Modes

A total of 17 studies[22-24,26,27,29,34,39-42,44,46-48,50,51]
used user-initiated feedback, in which the user initiated feedback
delivery by providing hisor her self-monitoring data; 11 studies
[21,25,28,30-33,35-38] used a passive form of feedback
prompting that did not require user interaction to initiate
feedback delivery; and 3 studies [43,45,49] employed both
methods. Nearly al the studies used an automated form of
feedback delivery. All but one of the 17 studies that
implemented user-initiated feedback relied on self-reported
data. A total of 9 studies [22,23,34,39,42,44,46,47,51] based
feedback on measures of behavior that were self-reported via
diaries or Web-based self-monitoring tools, 4 studies
[24,26,27,29] relied on self-reported measures from activity
monitors (eg, pedometers); and 4 studies [40,41,48,50] used a
combination self-reported dietary intake and self-reported
measures from an activity monitor. All 11 studies
[21,25,28,30-33,35-38] that employed a passive form of
feedback prompting used objectively assessed data. Nine studies
[25,28,30,32,33,35-38] used Internet- or Wi-Fi-connected
activity monitors, and 2 studies [21,31] used a mandometer, a
Bluetooth-connected scal e that measures eating rate, or a heart
rate monitor. The remaining 3 studies [43,45,49] used a
combination of user-initiated and passive feedback methods.
One study [45] used a glucometer.

Efficacy of Feedback Interventions

The studies’ outcomes are described in Multimedia Appendix
5. We determined that 9 studies explicitly tested the use of
feedback to motivate behavior change or significantly modul ate
body weight or body composition or glycated hemoglobin. Of
the 9 studies that tested feedback efficacy, 1 was in the area of
diet- or nutrition-related behavior [21], 5 focused on PA or
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sedentary behavior [26,27,30,34,37], and 3 focused on diet and
PA or sedentary behavior [39,45,49]. Most of the remaining
studies tested a comprehensive intervention in which feedback
was implemented as one of the multiple behavior change
strategies. Of the 9 studies that tested the efficacy of feedback,
4 had significant findings [21,30,37,45] and 5 did not
[26,27,34,39,49].

Regarding feedback content, 3 of the 4 studies with significant
findings [21,30,45] and 3 of the 5 studies without significant
findings[27,34,39] used both goal- or target-oriented feedback
and actionable feedback. In addition, feedback was provided
continuously in 3 of the 4 studies with significant findings
[21,30,37] and in only 1 of the 5 studies without significant
findings[49]. Concerning feedback prompting, 3 of the4 studies
with significant findings used objectively collected data and
passive feedback delivery methods [21,30,37], and the fourth
[45] used both passive and user-initiated assessment and
feedback methods.

Practical Framework for Just-in-Time Feedback
Design

On the basis of the results of our review, we developed a
practical framework (Figure 2) that highlights key factorsto be
considered when developing just-in-time feedback for
technology-enhanced diet and PA interventions. We suggest
that behavioral objectives (goals or targets) serveastheguiding
context for just-in-time feedback and that the selected method
of behavioral assessment is the foundation that determines the
level of interaction between auser or participant and an external
agent or researcher. We propose three characteristics of feedback
to take into account: timeliness, personalization, and action
orientation.
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Figure 2. Practical framework for designing just-in-time feedback.
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Behavioral Objectives

Most behaviora theories posit that setting a goal is a key
behavior change strategy. Behavioral objectives can be framed
as goals or targets. Behavioral goals reflect a desired outcome
that is achieved incrementally (eg, over a day); can be static
(eg, 10,000 steps per day), or adaptive (adjusted incrementally
based on performance achievements) and can be self-selected
or assigned by an interventionist or health care professional.
Comparatively, behavioral targets can be considered
intermediate markers or behavioral mediators of achieving a
goal that may be explicitly stated or implicitly understood. For
example, a behaviora target could be to take a 5-min activity
break after sitting for an hour (ie, reduce sedentary behavior)
in an effort to achieve a 10,000-steps-per-day goal (ie, increase
PA). Thus, behavioral targets are often set at shorter intervals
(ie, within the day) than are goals to keep individuals on track
for goal attainment. Behavioral targets can also refer to
maintaining a continuously assessed marker within a certain
predefined range from moment to moment (ie, blood glucose
levels) and can be set at moment-to-moment level to achieve
an often implicitly understood distal goal (ie, glycemic control).
The chosen behavioral objective determines the context for
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which the feedback content is designed, as well as the
appropriate time frame in which it is delivered.

Behavioral Assessment

The method used to measure the behavior on which feedback
is being provided is an important factor for interventions that
incorporate just-in-time feedback. The assessment method
determines the cognitive load of self-monitoring, the quality of
the data, and the frequency and timeliness with which feedback
is delivered. Advancements in wearable sensor technology
influence these aspects of data collection, particularly in the
area of PA behavior. Newer activity monitors can not only
objectively and continuously measure movement (eg, steps)
and estimate energy expenditures but also transfer data to
another device (eg, mobile phones) or servers wirelessly. This
enables the generation and delivery of feedback without any
user-initiated input.

Timeliness

Just-in-time feedback is defined as providing the right support
at the right moment and in the right amount [5,11,12]. In
just-in-time adaptive interventions, the right moment might
consider the person’s state of vulnerability or opportunity or
receptivity. Consistent with the FIT, just-in-time feedback
reflects recent behavior and provides guidance at a critical
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moment when a person’s attention might need to be refocused
on the goa-directed behavior. The intent of delivering
just-in-time feedback is to proactively motivate behavioral
adjustments to limit or reverse the widening of discrepancies
between current performance and a behavioral goal or target to
facilitate the attainment of that goal or target. As such,
just-in-time feedback considers the time frame during which
goal achievement is specified to occur. For example, if one has
a goal to achieve 10,000 steps per day, just-in-time feedback
would be provided before the end of the day to increase the
likelihood of achieving that day’s step goal.

Personalization

Rather than being generic or group-based, personalized feedback
is based on an individual’s own performance and goa. The
intent of personalizing feedback isto inform aperson about his
or her current performancerelative to his or her behavioral goal
or target (ie, the discrepancy). This message can be
communicated visually as graphs or charts (eg, a progress bar)
or quantified as text (eg, 3000 more steps to meet your goal) to
meet the research needs or the user’s preference.

Action Orientation

Feedback that is actionable aims to instruct a patient or
participant to engage in behaviors that will improve the
likelihood of goa attainment. Action plans are designed to
promote small or large behavior changes with ahigh likelihood
of success and should indicate when, where, and how to enact
a goa-directed behavior [54]. Actionable feedback provides
behavioral guidance aimed at reducing the discrepancy between
current performance and a behavioral goal or target. In
just-in-time interventions, action planning varies from its
traditional sense of intention formation [54] such that it can be
communicated explicitly as instructions for behaviors to be
enacted at critical moments [55,56]. These instructions act as
behavioral triggers and can be communicated through prompts
(eg, Try going for a30-min walk after dinner tonight to get the
2500 more steps you need to meet your 10,000 step goal today).

Discussion

Summary of Key Findings

Our comprehensive literature search yielded 31 studiesthat met
our eligibility criteria. Most of these studies provided feedback
that wasjust-in-time (100%, 31/31), goal-oriented (75%, 23/31),
and personalized (97%, 30/31); however, only 5 studies (15%,
5/31) provided actionable feedback. Interventions with
significant effects featured continuously available and
personalized feedback that was actionable or goal-oriented and
used objectively assessed data and passively initiated feedback
delivery methods. On the basis of these findings, we have
proposed aframework for designing just-in-time feedback that
incorporates three key content characteristics (timeliness,
personalization, and action orientation) relative to a known
behavioral goal or target and highlightsimportant considerations
regarding the quality and frequency of the behavioral assessment
from which just-in-time feedback is derived.
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Comparison With Previous Literature

To our knowledge, our review isunique in that its primary goal
was to examine the use of just-in-time feedback in diet and PA
interventions. Only one other similar systematic review has
been conducted. In that review [17], the authors concluded that
the use of personalized feedback was an effective BCT in
weight-loss interventions after demonstrating that individuals
receiving Internet-delivered personalized feedback lost on
average 2 kg more than those receiving no personalized
feedback; however, the authors did not analyze the effectiveness
of other feedback characteristics. In another review, Michieand
colleagues[56] demonstrated through ameta-regression analysis
that healthy eating and PA interventions that implemented
behavioral monitoring plus one BCT (eg, action planning,
prompting specific goal setting, providing feedback on
performance, and prompting review of behavioral goals) were
more effective than those that did not. However, the authors
acknowledged the need to experimentally test the most effective
combination of BCTs[56]. Furthermore, only one other known
model for developing feedback exists. Hysong and colleagues
[57] examined the use of feedback for improving clinical
practice guideline adherence and developed the model of
actionable feedback. The model positsthat an optimal effect on
clinical performance can be achieved by providing feedback
that is timely, individualized, nonpunitive, and based on
customi zable performance data. Action wasanimplied outcome
of providing optimal feedback in the model. These previous
studies highlight some potentially effective components of
feedback that can motivate goal-directed behavior change and
that overlap with those put forth in this review.

Another key finding of our review was that only a few of the
reviewed studies provided goal-oriented feedback that was
actionable. Of the 31 studies included in the review, 23
incorporated behavioral goals, however, only 5[21,25,30,39,45]
gave actionabl e suggestions on when, where, and how to achieve
those goals. In theory, intention precedes action [58]; however,
research shows that the intention alone does not often result in
actual behavior change [59-61]. Action planning or intention
implementation is one strategy to help people transform their
intention into action [54]. Traditionally, individuals conceive
action plans before acting as their commitment to perform
behaviorswhen opportunities arise [54] and can reeva uate these
plans weekly [62]. Such plans often describe where, when, or
how frequently to perform the behavior (eg, | intend go to the
gym 3 days per week) [55]. Individuals may or may not receive
feedback regarding their action plans. In this study actionable
or actionable feedback refers more specifically to information
in the form of suggestions an external agent provides to an
individual about where and when to perform the behavior and
instructions on how to perform the behavior. Examples of
actionable feedback in the reviewed studies included multiple,
daily behavioral prompts to perform PA breaks of specific
durations [25], daily booster messages with exercise
prescriptions to achieve the current day’s step goal [30], and
just-in-time dietary recommendations (eg, Be aware of high fat
snacks tonight) [39]. Our definition of actionable feedback is
consistent with Michie and colleagues’ Coventry, Aberdeen,
and London-Refined (CALO-RE) taxonomy of BCTs [55]. It
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is also consistent with the concept of providing supportive
information, advice, and feedback at critical moments in
just-in-time adaptive interventions [5,11]. This review
demonstrates that the provision of actionable feedback in diet
and PA interventions is an underutilized behavior change
strategy. Relatedly, reviews of seven wearable activity trackers
and 40 top-rated diet and PA mobile phone apps found that the
integration of BCTs related to action planning and providing
instructions consistent with CALO-RE taxonomy was not
uncommon [63,64]. However, only two activity trackers hel ped
users identify where and when to perform PA. Given the
increased bidirectional communication capabilities offered by
the technol ogy being used to facilitate behavioral interventions,
actionable feedback as defined here will likely be more
frequently incorporated into interventions as a supportive
behavior change strategy. One example of such an intervention
is the MyBehavior mobile app. MyBehavior is based on the
Fogg behaviora model that applies theoretical principles to
technology design by creating toolsto prompt low-effort actions
that can be triggered even when motivation is low [65].
MyBehavior was designed to generate personalized, actionable
insights on when, where, and how to achieve the set goals[66].
The behavioral outcomes from the MyBehavior trial have not
yet been published. Future research to determine the efficacy
of actionable versus nonactionable feedback as a behavior
change strategy will be needed.

Strengths and Limitations

Our review is strengthened by its focus on key theory-based
characteristics of feedback delivered as behavior change
interventions. We focused on only diet and PA interventions
rather than looking more broadly across additional health
behaviors. We did this in part because it is unclear how
generalizable our findings might be to other behaviors or
health-related outcomes. In addition, studies eligible for
inclusion could have included multiple types of feedback, but
at least one form of feedback had to meet our definition of
just-in-time feedback. We believe this approach strengthens
this review by enabling us to make conclusions that facilitate
the progress of intervention science into a future in which
feedback can be generated and delivered just in time, thereby
preparing researchersfor continued advancementsin technol ogy.
Finally, our synthesis of the avail able data enabled usto develop
a framework for designing just-in-time feedback for health
behavior change interventions.
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Despite these strengths, we were unable to conduct a
meta-analysis primarily because of the variability in targeted
behavior and study outcomes. Additionally, because it was not
clear whether the included studies monitored the delivery,
receipt or viewing, or comprehension of the provided feedback,
wewere not ableto conclusively determine the efficacy of using
feedback or which feedback feature(s) might be more effective
than others. However, we found that feedback was continuously
available, goa-oriented, or actionablein 3 of the 4 studieswith
significant intervention effects. In addition, the sample sizes,
intervention durations, and interventions outcomes of studies
with significant findings ranged widely. I nterventions of longer
duration could have been more likely to have significant
findings. However, the duration of studies with significant
findings was generally shorter than studies with nonsignificant
findings (4 weeks to 12 months vs 2 weeks to 24 months).
Excluding studies for providing feedback more than 24 hours
after aperson performed the target behavior limited the number
of eligible studies; however, we believe that it was consistent
with the advancement of body sensor technology and therefore
important to the context of the review. Another important
limitation to consider is that most of the included studies did
not recruit participants from arepresentative, diverse population,
thus limiting the generalizability of the findings. Finaly, the
cost of wearable body sensors and wireless devices could be a
potential limitation for scaling up the technology-based
interventions.

Implications for Future Research

Before this study, few reviews had critically examined the use
of feedback in diet and PA interventions. As advancementsin
technology continue to improve bidirectional communication
between investigators and their participants, optimizing feedback
messages will be key to future interventions. The systematic
review and the framework we propose represent a foundation
for designing feedback messagesfor futurejust-in-time diet- or
PA-based interventions. Investigators may use the framework
to ensure feedback developed for their interventions contain
content that is theoretically and empirically supported to have
a positive effect on behavior change. However, it is unclear
from this review how many of the proposed components are
needed to effectively motivate behavior change. Empirical
research will be needed to determine the optimal combination
of feedback components.
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Abstract

Background: The Mobile Insulin Titration Intervention (MITI) program helps patients with type 2 diabetes find their correct
basal insulin dose without in-person care. Requiring only basic cell phone technology (text messages and phone calls), MITI is
highly accessible to patients receiving care in safety-net settings. MITI was shown in arandomized controlled trial (RCT) to be
efficacious at aNew York City (NY C) safety-net clinic where patients often have challenges coming for in-person care. In 2016,
MITI was implemented as usua care at Bellevue Hospital (the site of the original RCT) and at Gouverneur Health (a second
NY C safety-net clinic) under 2 different staffing models.

Objective: This implementation study examined MITI’s transition into real-world settings. To understand MITI’s flexibility,
generalizability, and acceptability among patients and providers, we evaluated whether MITI continued to produce positive
outcomes in expanded underserved populations, outside of an RCT setting.

Methods: Patients enrolled in MITI received weekday text messages asking for their fasting blood glucose (FBG) values and
aweekly titration call. The goal wasfor patientsto reach their optimal insulin dose (OI D), defined either asthe dose of once-daily
basal insulin required to achieve either an FBG of 80-130 mg/dL (4.4-7.2 mmol/L) or as the reaching of the maximum dose of
50 units. After 12 weeks, if OID was not reached, the patients were asked to return to the clinic for in-person care and titration.
MITI program outcomes, clinical outcomes, process outcomes, and patient satisfaction were assessed.

Results: MITI was successful at both sites, each with a different staffing model. Providers referred 170 patients to the
program—129 of whom (75.9%, 129/170) were eligible. Of these, 113 (87.6%, 113/129) enrolled. Moreover, 84.1% (95/113) of
patients reached their OID, and they did so in an average of 24 days. Clinical outcomes show that mean FBG levelsfell from 209
mg/dL (11.6 mmol/L) to 141 mg/dL (7.8 mmol/L), P<.001. HbA . levelsfel from 11.4% (101 mmol/mol) to 10.0% (86 mmol/moal),
P<.001. Process outcomes show that 90.1% of MITI’s text message prompts received a response, nurses connected with patients
81.9% of weeksto providetitration instructions, and 85% of attending physicians made at |east onereferral to the MITI program.
Satisfaction surveys showed that most patients felt comfortable sharing information over text and felt the texts reminded them
to take their insulin, check their sugar, and make healthy food choices.
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Conclusions: Thisimplementation study showed MITI to have continued success after transitioning from an RCT program into
real-world settings. MITI showed itself to be flexible and generalizable asit easily fitsinto a second site staffed by general medical
clinic—registered nurses and remained acceptable to patients and staff who had high levels of engagement with the program.

(J Med Internet Res 2018;20(3):€93) doi:10.2196/jmir.9515

KEYWORDS

insulin/long-acting/administration & dosage; diabetes mellitus, type 2/drug therapy; medically underserved area; telemedicing;

healthcare disparities

Introduction

Background

According to the Centers for Disease Control and Prevention,
as of 2015, 30.3 million people in the United States (9.4% of
the population) had diabetes[1]. By 2050, the preval ence of the
diseaseisexpected torise, affecting asmany as1in 3 Americans
[2]. Moreover, diabetes is one of the costliest diseases in the
United States [3]. In 2012, the total cost associated with the
diseasewas US $245 hillion, including US$176 billionin direct
medical care costs [4]. Diabetes puts patients at risk for
blindness, kidney failure, nontraumatic limb amputation, stroke,
and coronary heart disease [5-10]. Controlling blood sugar can
help prevent the long-term adverse health consegquences of
diabetes [7-11].

Prior research has found significant disparitiesin the burden of
diabetes, such that the prevalence is much higher in racial and
ethnic minorities than whites [1]. Compounding the disparity
in disease burden, racial and ethnic minorities have less access
to care than whites [12]. Taken together, racial and ethnic
minorities suffer disproportionately from the negative health
consequences of uncontrolled diabetes [1,12,13].

The majority of patients with diabetes can control their blood
sugar with lifestyle modifications and oral medications.
However, more than 25% of patients in the United States with
diabetestakeinsulin [14]. When insulin is needed, thefirst type
of insulin started is basal insulin, which is in charge of
controlling the blood sugar in the fasting state, for example,
whilewe sleep. Patients with type 2 diabetes starting on agiven
dose of basal insulin are asked to check their morning fasting
blood sugar at home daily whiletaking that particular dose [15].
Then, thedose of basal insulinisgradually increased (or titrated)
until the morning fasting blood sugar fallsinto the desired range
[15]. Ideally, a patient’s dose of basal insulin will bring all of
thefasting sugarsinto the desired range. In redity, patients have
variability in factors such asfood intake and energy expenditure
from day to day, which creates variabl e fasting blood sugars. It
isimportant to note that basal insulin titration is limited by the
lowest sugar. Thus, once any morning fasting blood sugar falls
into the desired range, caution must be exercised with any
further increase in basal insulin to avoid hypoglycemia.

Of note, in this scenario variability, moreinsulin may be needed
on many days, but it will need to comein the form of a second
type of insulin referred to as mealtime insulin (or “bolus’)
insulin. Unlike the basal insulin discussed above that is given
at aconsistent dose each night, mealtimeinsulinisrapid acting
and of short duration. Bolusinsulin doses, therefore, are adjusted

http://www.jmir.org/2018/3/e93/

in rea time from meal to meal depending on the blood sugar
of the moment. Patients with diabetes needing titration of basal
insulin have the option of self-titration [16]. Patients who are
not comfortable with self-titration usually return for in-person
interactionswith their provider. In-person titration requires that
frequent appointments be available and that patients are able to
attend such appointments.

Safety-net clinics serve a predominantly ethnic minority
population who face disproportionate logistical challenges to
in-person care (ie, missed-work leading to lost wages,
transportation challenges) [12,13,17]. Within this population,
remote adjustment of basal insulin for patients with diabetesis
an appealing option.

Prior Work

Many cell phone—based programs do exist to help patientstrack
their blood glucose, but we found no programsthat only required
basic cell phone technology to both gather blood glucose
information and give titration advice [18-25]. To address this,
the Mobile Insulin Titration Intervention (MITI) was created
[26]. The goal of MITI was to provide a remote basal insulin
titration program for patients with type 2 diabetes initiating or
titrating basal insulin, utilizing the basic, low-cost, cell phone
technology that most patients in safety-net clinics are already
using [18-25]: text messages and phone calls.

Patientsenrolled in MITI still haveto inject insulin and monitor
their fasting blood glucose (FBG). Clinicians still need to advise
patients on how to adjust their once-daily basal insulin dose.
However, with MITI, instead of patients having to travel to the
clinic to exchange this information in-person, the clinic comes
to the patients through their cell phones.

MITI patients receive adaily weekday text message asking for
them to type back their fasting blood sugar and aweekly phone
call from aregistered nurse advising them on how to adjust their
basal insulin dose. Upward titration of basal insulin through the
MITI program stops when one morning fasting blood sugar
level falls into the desired range of 80-130 mg/dL (4.4-7.2
mmol/L), when the patient reaches a basal insulin dose of 50
units, when a patient withdraws from the program, or when 12
weekselapse. MITI isnot designed to be an indefinite program.
Rather, it is a (maximum) 12-week opportunity to have on€e's
once-daily basal insulin adjusted in a patient-centered,
convenient way. If at the end of 12 weeks, the blood glucoseis
not controlled, the patient needs to return for in-person
eva uation and titration.

MITI was successfully pilot tested in arandomized controlled
trial (RCT) with 61 patients and shown to be efficacious at
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Bellevue Hospital (the oldest public hospital in the United
States) in 2013 and 2014 [26]. In total, 88% percent of pilot
study patients (compared with 37% of control patients) were
able to find their optimal insulin dose (OID), and they did so
in an average of 3 weeks. Additionally, 84% of text message
prompts received a response and patients had high satisfaction
with the program. On the basis of the success of the pilot study,
from April 2016 to April 2017, MITI was implemented into
usua care at both Bellevue Hospital and another New York
City (NYC) Hedlth and Hospitals site, Gouverneur Health.

A systematic review and network meta-analysis of the
comparative effectiveness of different telemedicine strategies
was published in October 2017 by Lee et a [27]. The group
evaluated 107 telemedicine studies involving over 20,000
patients. Studies focusing on tele-education, telemonitoring,
and teleconsultation led to improved HbA ., with the latter
(teleconsultation) being the most effective. Their conclusion
was that “assessing the acceptability and implementation
challenges of telemedicinein resource-poor areasisan important
next step to accel eratetrandation.” Thisstudy directly addresses
this need for more implementation evaluations in the field of
telemedicine.

Goal of This Study

It can take 17 yearsfor clinical interventionsto transition from
efficacious RCTsto routine clinica practice, and many programs
shown to be efficacious during RCTs never make it into usual
care[28]. Implementation science studies ways to promote the
adoption of programs shown to be effectivein RCT into routine
care.

The goal of thisimplementation study wasto evaluate MITI as
it transitioned from an RCT to real-world settings. Guided by
Proctor et a’sframework [29] for implementation research, the
study assessed key outcomes in 3 domains—implementation
(process), service (clinical and program), and client
(satisfaction)—to ensure that MITI as usual care continued to
be beneficial and acceptable to an expanded underserved
population. The study also conducted qualitative interviews
with patients and staff during the transition to learn
implementation barriers and facilitators, with the goals of
making changesin real time to the MITI program based on the
feedback that welearned, and of guiding futureimplementation
efforts. This report summarizes the results of the quantitative
implementation evaluation. The results of the qualitative
interviews learning of barriers to and facilitators of the
implementation process are reported separately.

Methods

Study Design

A mixed-methods study was conducted to evaluate the
implementation of MITI into routine care at 2 safety-net health
care systemsin NY C. The study’s quantitative evaluation used
a single-group, prepost study design to assess the clinical
outcomes, core process outcomes, and patient satisfaction with
MITI as it became routine care [29]. Our research team
conducted in-depth qualitative interviewswith patients and staff
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assessing barriers to and facilitators of the implementation of
MITI.

Setting

Bellevue Hospital was the site of the original MITI pilot RCT.
At the completion of the pilot program, the RCT data were
presented to Bellevue's parent company, NYC Health and
Hospitals. NYC Health and Hospitals saw the value in the
program and gave approval to transition MITI from aresearch
program to a usual care program available to patients with
diabetes needing basal insulin titration in the Bellevue Adult
Primary Care Center. For MITI to run effectively, there needed
to be a full-time program coordinator, and NYC Health and
Hospitals provided this. In 2015, the MITI clinical director (NL)
sought to expand MITI to asecond site. Gouverneur Health was
selected because it is part of NYC Health and Hospitals, an
affiliate of NYU, and a clinic that serves the underserved. A
common clinical champion made a connection between the
MITI program director and the leadership team at Gouverneur
Health. Once this connection was made, the Bellevue-based
MITI program director met with leadership at Gouverneur
Health. The MITI director shared information from the pilot
RCT with Gouverneur leadership regarding MITI's
efficaciousness, feasibility, adoptability, and patient satisfaction.
The Medical Director, Nursing Director, and clinicians at
Gouverneur saw the benefit of implementing this efficacious
program that had high patient satisfaction and that did not bring
asignificant additional time burden to staff. Nursing leadership
felt that the work of MITI was well within the scope of the
genera internal medicine clinic nurses at Gouverneur Health.

Thus, between April 2016 and April 2017, MITI was
implemented into usual care in the adult medical clinics of
Bellevue Hospital and Gouverneur Health in NYC. As stated
above, both facilities are members of the NYC Health and
Hospital Enterprise (the largest public hospital system in the
United States) and affiliates of the New York University School
of Medicine. Bellevue Hospital and Gouverneur Health each
care for approximately 5000 patients with diabetes.
Approximately 30% of patients with diabetes at Bellevue and
10% of patients with diabetes at Gouverneur have an HbA .. of
8% (64 mmol/moal) or above. Both Bellevue and Gouverneur
are safety-net centers serving a multiethnic and multiracial
patient population. Most patients (65% at Bellevue, 75% at
Gouverneur Health) have either Medicaid or are uninsured.

Inclusion and Exclusion Criteria

Patients appropriate for MITI have the following: (1) type 2
diabetes; (2) an HbA ;. =8% or 64 mmol/mol, (based on the labs
obtained at enrolIment or the most recent valuein the electronic
medical record within the 2 months before enrollment); (3) FBG
levelsin the last 2 weeks =130 mg/dL (7.2 mmol/L) but <400
mg/dL (22.2 mmol/L); (4) to be starting basal insulin or in need
of titration of an existing dose of basal insulin; (5) their basal
insulin be either glargine or detemir, dosed once daily; (6) a
creatinine <1.3 mg/dL (115 pmol/L) for women or <1.4 mg/dL
(123.8 umol/L) for men; (7) an age between 18 and 70 years
(during this study’s evaluation period, an exception was made
for 1 patient above the age of 70 years. The patient was
inadvertently enrolled by one of the team nurses and it was not
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brought to the MITI team’s attention until mid-way through the
program.); (8) a cell phone; and (9) the ability to receive text
messages, to understand the text messages in either English or
Spanish, to check their home FBG, to text back the results, and
to accept and make phone calls.

Patientswere excluded if they did not meet the aboveinclusion
criteria, if they were taking oral steroids at the time of
enrollment, if they had taken oral/injectable steroids within the
past 2 weeks, or if they were currently taking rapid-acting
insulin.

Any patients referred to MITI who had not injected insulin
previously were sent for education on how to do so before
enrollment.

Moabile Insulin Titration I ntervention Program
Referral, Enrollment, and Consent

Providers and nurses at the 2 clinics were educated about the
MITI program before implementation. When a patient needed
once-daily basal insulin titration, and preferred to receive
titration instructions remotely versus coming back to theclinic,
providers referred the patient to MITI. Patients were almost
aways enrolled immediately following an in-person visit.
However, there were a few times when the MITI program was
notified of areferral for apatient that was not currently in clinic,
and program staff arranged for the patient to return for
enrollment.

At enrollment, a MITI team member met with the patient to
confirm ligibility, administer asurvey capturing demographics,
explain the program in more detail, and enroll the patient into
a secure Web-based messaging platform developed and
maintained by Wellpass (Wellpass, Inc, New York, NY) [30].
Messages sent as short message service (SMS) texts from the
Wellpass platform are not encrypted. Therefore, patients at
enrollment also signed a consent form that gave their written
authorization to exchange protected health information (eg,
FBG levels) viatext.

Intervention: Text Messages, Monitoring, Titration,
and Goals

Every weekday at a patient-specified time, MITI participants
received a text message asking, “What was your fasting blood
sugar this morning?’ Responses were monitored daily for any
“alarm” values, defined as FBG <80 mg/dL [, or 4.4 mmol/L,
or FBG >400 mg/dL, or 22.2 mmol/L, which were addressed
by the monitoring nursesin real time. Registered nurses called
all patients once weekly to advise on dose titration using the
structured algorithm that the MITI team devel oped before and
tested during the 2013 pilot study [26].

The MITI coordinator also monitored for the presence of daily
responses. If patients did not respond with their FBG value 3
daysinarow, the MITI program coordinator reached out to the
patient via phone calls to understand the reason for the lack of
the text message response and problem solve, if needed.

The goal of the program is to find the patient’s OID. OID is
defined as the once-daily basal insulin dose that |eads to one
FBG of 80-130 mg/dL (4.4-7.2 mmol/L) inclusive or that
reachesthe 50 unit maximum dose. The program ends the week

http://www.jmir.org/2018/3/e93/

Levy et a

that the patient reaches their OID, when 12 weeks elapse, or
when the program terminates early (ie, when a patient actively
withdraws from the program, becomes lost to follow-up, or
when patient eligibility changes, as occurred with one patient
whose doctor decided soon after referral to MITI that
rapid-acting insulin should be started). Patients were considered
lost to follow-up when the MITI nurse was not able to reach
them despite efforts over 3 consecutive weeks.

Two Different Staffing Models

The 2 sites used different staffing modelsto servethefollowing
2 functions: (1) enrolling, and (2) monitoring and titrating. At
Bellevue Hospital, the enrollment onto the secure Web platform
and into the MITI program was carried out by the on-site MITI
program coordinator. The daily monitoring for alarm values
and weekly phone calls at Bellevue Hospital were primarily
carried out by 1 of the clinic's 2 diabetes nurses (both are
certified diabetes educators and registered nurses). The diabetic
nurses had structured time set aside each week to carry out the
work of the MITI program.

At Gouverneur Health, there is no full-time onsite MITI
coordinator or diabetes nurse. The medicine clinic nurses
enrolled patientsinto MITI as part of theroutine clinic discharge
process. At Gouverneur Health, these same medicine nurses
were also the team members responsible for checking alarm
values daily and making titration calls weekly. Thismonitoring
and titration work was carried out as part of the daily workflow.

Mobilelnsulin Titration I ntervention Implementation
Process

Evidence-based strategiesto implement MITI were used at each
site[31]. For example, before therollout of MITI asusual care,
a multidisciplinary advisory board was formed at each site to
guide implementation. Potential referring providers and MITI
nurses were trained about eligibility criteria, enrollment
procedures, daily monitoring, and weekly titration calls. MITI
nurses attended multiple in-person trainings on how to use the
intervention software (eg, logging on to the system, enrolling
patients, monitoring daily text messages). The MITI team
attended routine staff meetings after the rollout to give updates
and get feedback. As new providers and nurses joined the
clinics, they were educated individually. The MITI coordinator
was available on an ongoing basis to troubleshoot any issues
that arose, review standard procedures, answer questions, and
provide information on any updates and/or changes to the
program.

M easures and Outcomes

The study measured multiple program outcomes, clinical
outcomes, process outcomes, and satisfaction at both sites
informed by the Proctor et al model of outcomes in
implementation research [29] to study implementation processes
and study outcomesin 2 different clinical settings.

Mobilelnsulin Titration I ntervention Program Outcomes

We measured the percentage of patients who achieved their
OID and the number of days required to reach OID. We
evaluated the frequency of each component of OID (reaching
aFBG of 80-130 mg/dL [4.4-7.2 mmol/L] inclusiveor reaching
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the maximum dose of 50 units). We evaluated the percentage
of patientsthat did not reach OID by 12 weeks or for whom the
program was terminated early (ie, no longer met eligibility
criteria, withdrew from the program, or werelost to follow-up).

Mobile Insulin Titration I ntervention Cost Analysis

An analysis of potential cost savings was conducted. The cost
of the time of nursing, administration, and the MITI program
director, calculated from national wage data obtained from the
Bureau of Labor Statistics[32], in addition to technology costs
(both technology setup fees and individual staff licenses to
access the Web platform [30]), were calculated. Savings
associated with patient time (also cal cul ated from national wage
tables from the Bureau of Labor Statistics [32]) and with the
averted in-person medical clinic visit (based on Healthcare
Bluebook fee scales[33]) were evaluated.

Mobilelnsulin Titration I ntervention Clinical Outcomes

Additional clinical measures included FBG values on the first
day of MITI as well as the day that qualified the patient for
completion, rates of hypoglycemia, and, when available,
follow-up HbA,. values were abstracted from the patient’s

medical record.

Pre-MITI HbA ;. blood test val ues were accepted when obtained
within 2 months of enrollment, and post-MITI HbA,. values
were accepted between 2 and 6 months after completion of
MITI. Ideally, the MITI HbA . values would be obtained on
the day of enrollment and then once again 2-3 months after
program termination. However, in real-world settings (and not
RCTys), it isthe referring clinician who decides if new labs are
needed on the day of enrollment or if the HbA ;. from the recent
past still represents the glycemic control range for the patient
in question. Likewise, for the post-MITI HbA,; s, it was not
within the scope of the program to bring patients back in for a
special blood test that best fit our time frame. Referring
providerswerein charge of ordering the post-MITI HbA . blood
tests and, although ideally we would have liked to have seen
them between 2-3 months after program completion, we
accepted values up to 6 monthsif thiswasthe time framewithin
which patients were able to return.

Mobilelnsulin Titration I ntervention Process Outcomes

MITI process outcomes were assessed using data collected by
the MITI program as part of routine operations. The Wellpass
system captures all texts sent and received, which we used to
calculate the percentage of texts promptsthat received a patient
response. We used clinic administrative datato calculate MITI
uptake by providers, defined as the percent of providers who
referred at least one patient to MITI, aswell asto calculate the
percentage of weeks that the nurses were able to connect with
the patients to provide titration instructions. MITI nurses
documented the time it took per patient per week to carry out
the titration intervention.

Patient Satisfaction and Patient Time Saved

Patients completed a short survey at enrollment, which asked
them how long it took them to travel to the clinic and how long
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they waited for their appointment, which we used to calculate
patient time saved when an in-person visit was averted. The
MITI coordinator at Bellevuecalled all MITI patientsfollowing
completion of the program to assess patient satisfaction with
the program. Patient satisfaction surveys evaluated 6 factors
using a Likert-type scale: comfort level sharing information
through text, preference for clinic, thoughts on the number of
text messages (eg, too few, too many, just right), text hel pfulness
as a reminder to check sugar levels, text helpfulness as a
reminder to take insulin, and text helpfulness as a reminder to
make healthy food choices. Patients were not compensated for
their participation.

Statistical Analysis

Descriptive statistics were used to summarize sample
demographics and quantitative outcomes, stratified by site.
Paired t tests were used to examine whether there were
significant within-group changes in HbA,. and FBG for the
MITI group between baseline and at the end of MITI program.
A two-sided P<.05 was considered to be statistically significant,
and all analyseswere performedin SAS 9.4 (SAS Ingtitute Inc,
Cary, NC). For the cost analysis, the total costs for each patient
were subtracted from the total savings for each patient. These
net savings are presented in terms of “per-patient per-week.”
To understand net savings on a larger scale, we took these
“per-patient per-week” savings and cal culated how they would
change based on various projections of how many patientswould
utilize the programin 1 year.

Results

Patient Characteristics

Figure 1 displays patient flow through MITI. Acrossthe 2 sites,
providers referred 170 patients to the MITI program—2129 of
whom (75.9%) were eligible. Of these, 113 (87.6%) enrolled.
A total of 41 patients were excluded for the following reasons:
10 had a FBG between 80-130 mg/dL (4.4-7.2 mmol/L) in the
past 2 weeks, 9 were on short-acting insulin, 3 had any blood
glucose (fasting or non-fasting) <80 mg/dL (4.4 mmol/L) inthe
past 2 weeks, 3 were already taking =50 units of insulin, 3 had
elevated creatinine, 2 preferred clinics, 2 were older than 70
years, 2 did not have acell phone, and 7 declined to participate
for other reasons. Of theremaining 16 patient referrals, 15 were
lost to follow-up and 1 was enrolled in MITI’s year 2 (Figure
1).

Table 1 shows MITI patient demographics. MITI patients had
an average age of 50 years (standard deviation, SD=10), 45.1%
were female, 78.8% Hispanic, 42.5% unemployed, and 46.0%
uninsured. Moreover, 59% chose Spanish astheir text language
and 40.7% chose English. Theinitial FBG value was 209 mg/dL
(12.6 mmol/L, SD 71) and the mean initial HbA,. level was
11.4% (101 mmol/mol, SD 1.9%). Patients spent on average
142 min (SD 69) traveling to and from the clinic and waiting
in the waiting room (52 min travel time each way, SD 27, 43
min waiting room time, SD 39).
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Figurel. Mobileinsulin titration intervention (MITI) program referrals and enrollment diagram. BH: Bellevue Hospital; GH: Gouverneur Health.
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Mabile Insulin Titration I ntervention Cost Analysis

A cost analysis indicated that the value of patients' time and
the cost of the averted clinic visits outweighed the cost of the
MITI program. The per-patient per-week savings at Bellevue
Hospital ranged from US $169.65, if 71 patients per year (the
actual number of patients that participated in MITI during this
study) participated in the program, to US $176.91 if 100 patients
per year participated in the program, to US $185.80 if 200
patients per year participated in the program. At Gouverneur
Health, the per-patient per-week savingsranged from US $0.94,
if 42 patients participated in the program per year (the actual
number of patientsthat participated in MITI during this study),
to US $107.55 if 100 patients participated in the program per
year, to US $146.15 if 200 patients participated in the program
per year.
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Mabile Insulin Titration I ntervention Program
Outcomes

Table2 showsMITI program outcomesrel ated to the frequency
of each program discharge status (eg, optimal insulin dose, 12
weekswithout optimal insulin dose, program terminated early).
In total, 84.1% of patients reached their optimal insulin dose,
and they did so in an average of 24 days. Thisincluded 74.3%
of patientswho reached aonce-daily basal insulin doseto bring
one blood glucose down to between 80 and 130 mg/dL (4.4-7.2
mmol/L), inclusive, as well as an additional 9.7% of patients
who reached the maximum dose of 50 units. Moreover, 8.0%
of patients did not reach the goal by 12 weeks and 8.0% of
patientsterminated the program early (1 patient had short-acting
insulin added to their regimen and thus became indligible, 1
decided she did not want to take insulin, 1 patient actively
withdrew, and 6 werelost to follow-up and could not be reached
despite multiple attempts over 3 weeks).
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Table 1. Enrolled Mobile Insulin Titration Intervention (MITI) patient demographics.
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Demographics

Bellevue (N=71)

Gouverneur (N=42)

Total (N=113)

Age
Mean age (SD; min-max)

Female gender, n (%)

Race, n (%)
Native Hawaiian or Pacific |slander
Native American or Alaskan Native
Asian
White
Black or African American
Other?

Hispanic ethnicity? n (%)

No employment, n (%)

No health insurance, n (%)

Had avisit co-payment? Yes, n (%)

L anguage used for text messages, n (%)
Spanish

Pre-MITI patient travel and wait time in min, mean (SD)

50 (10; 26-69)
34 (48)

0(0.0)
1(1)
5(7.0)
7(10)
8(11.3)
50 (70)
54 (76)
36 (51)
39 (55)
34 (489)

41 (58)
157 (66)

50 (11; 24-73)
17 (41)

0(0.0)
1(2
3(7)
3(7)
3(7)
32(76)
35 (83)
12 (29)
13(31)
14(33)

26 (62)
117 (66)

50 (10; 24-73)
51 (45.1)

0(0.0)
2(18)
8(7.1)
10(8.8)
11(9.7)
82 (72.6)

89 (78.8)
48 (42.5)
52 (46.0)
48 (42.5)

67 (59.3)
142 (69)

8A|| patients who checked the “ Other” race option said they were Hispanic.

Table 2. Mobile Insulin Titration Intervention (MITI) program outcomes.

MITI discharge status Bellevue (N=71)

Gouverneur (N=42)

Total (N=113)

n (%) Mean daysin SD n (%) Mean daysin SD  n(%) Mean daysin SD
MITI (min-max) MITI (min-max) MITI (min-max)
Achieved optimal insulindose 57 (80) 26 (3-56) 24 38(91) 21(3-77) 22 95(84.1) 24(2-84) 23
Reached 80-130 50 (70) 21(3-84) 20 34 (81) 17 (2-42) 17 84 (74.3) 20 (2-84) 19
Reached max insulindose 7 (10) 62 (27-84) 22 4(10) 57 (10-77) 32 11(9.7) 60 (10-84) 25
(50 units)
Not at goal by 12 weeks 7(100 84 N/AZ  2(5) 84 N/A  9(8.0) N/A
Program terminated early 7(10) 35(16-63) 18 2(5) 37 (16-58) 30 9(8.0) 36 (16-63) 19

3N/A: not applicable.

Table 3. Mobileinsulin titration intervention (MITI) clinical outcomes for fasting blood glucose values.

MITI clinical outcomes

Bellevue (N=70%

Gouverneur (N=42)

Total (N=112%)

M ean fasting blood glucose value
First day of MITI in mg/dL (SD), mmol/L (SD)
Last day of MITI in mg/dL (SD), mmol/L (SD)
P value

214 (73), 11.9 (4.2)
144 (48), 8.0 (2.9)
<.001

201 (68), 11.2 (4.1)
136 (41), 7.6 (2.8)
<.001

209 (71), 11.6 (4.2)
141 (45), 7.8 (3.0)
<.001

#There are missing data for one Bellevue patient who never texted.
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Table 4. Mobileinsulin titration intervention (MITI) clinical outcomes for HbA 1 values.
MITI clinical outcomes Bellevue (N=51%) Gouverneur (N=29% Total (N=80%

Mean pre-MITI A1 in % (SD), mmol/mol (SD)
Mean post-MITI A1 in % (SD), mmol/mol (SD)

P value

11.6 (1.8), 103 (20)
10.3(2.1), 89 (23)
<.001

11.1 (2.0), 98 (22) 11.4 (1.9), 101 (21)

9.4 (2.2), 79 (24) 10.0 (2.2), 86 (24)

<.003 <.001

8Data are only included for those patients who have both a pre- and post-HbA 1.

Moabile Insulin Titration Intervention Clinical
Outcomes

Table 3 shows MITI clinical outcomes related to changes in
fasting blood glucose values. The mean FBG on the first day
of the program was 209 mg/dL (11.6 mmol/L, SD 71) and it
fell to 141 mg/dL (7.8 mmol/L, SD 45) onthe day that qualified
the patient for completion of the program, P<.001. Of note, out
of 2049 texted blood glucose values (and any additional
information shared during the weekly phone callswiththe MITI
nurses), therewere only 2 reports of hypoglycemia; neither were
severe,

Moreover, 80 of the 113 MITI patients have had HbA ;. values

within both windows for pre and post lab collection and were
included in our main HbA . analysis (Table 4).

The breakdown of when the 80 pre HbA . lab values were

collected is as follows: 20 on the day of enrollment, an
additional 22 were collected within 1 week before enrollment,
another 11 were collected within 2 weeks of enrollment, and
the remaining 27 within 2 months of enroliment. The average
time of pre HbA ;. lab draw waswithin 17.2 days of enrollment.

Post HbA ;. lab collection had to be within 6 months of program

completion date. The review found that 34 of the 80 patients
had their post HbA ;. labs collected within 3 months of program

completion. The remaining 46 had |abs collected by the end of
the 6-month window. The average time of post HbA . lab

collection was at 104.1 days after program completion.

HbA . levels fell from a mean of 11.4% (101 mmol/mol, SD

1.9%) at enrollment (SD 21) to 10.0% (86 mmol/mol, SD 2.2%)
at follow-up (SD 24), P=.003. Moreover, 43 of the 80 patients
had an HbA . that fell by at least 1% point. In addition, 29 of

the 80 patients had an HbA,. that fell by =2% points.
Furthermore, 17 the 80 patients with HbA . results have an
HDbA . that fell to <8% (64 mmol/mol).

Of note, the pre HbA ;. mean for the 96 of 113 enrollees who
had a baseline HbA ,; within 2 months of enrollment (not just

Table 5. Mobileinsulin titration intervention (MITI) process outcomes.

of the 80 that had both pre and post values) had essentially the
same mean of 11.6% (103 mmol/moal), supporting that those
that have had follow-up data available in the el ectronic medical
record were representative of the entire population in terms of
disease severity at the start of MITI.

Mobile Insulin Titration I ntervention Process
Outcomes

Table 5 shows MITI process outcomes. We found that 90.1%
of MITI's text message prompts received a response,
demonstrating a very high acceptability and participation rate
for those enrolled in the MITI program. Review of the data
showed that nurseswere able to connect with patientsto provide
titration instructions 81.9% of the time. Median nursetime was
15 min per patient per week to carry out the titration
intervention, both at Bellevue Hospital and Gouverneur Health.
This includes the time required to prepare for the weekly
titration phone call, make the phone call (which often included
an interpreter being on the line), and to document the phone
cal.

When examining the proportion of providerswho made at |east
onereferra to MITI, wefound that 83% of attending physicians,
42% of resident physicians, 62% of physician assistants, and
100% of both diabetes educators at Bellevue made at least one
referral (Table 6)

Patient Satisfaction Outcomes

Table 7 shows patient satisfaction data. Patient satisfaction
surveys revealed that 97.0% of patients were comfortable
sharing their information through text, 97.0% preferred not
having to come to clinic, and 94.0% thought that the number
of texts received were just right (of note, the other 6% thought
they were too few). Surveys also showed that 96.0% felt that
the texts were somewhat or very helpful as remindersto check
their blood glucose, 84.0% felt the texts were somewhat or very
helpful as reminders to take their insulin, and 87.0% felt the
texts were somewhat or very helpful as reminders to make
healthy food choices.

MITI process outcomes Bellevue Gouverneur Total

Text response rate (responses + prompts), n (%) 1387/1530 (90.65) 662/744 (89.0) 2049/2274 (90.11)
Call connection rate (connections + weeks), n (%) 264/340 (77.6) 152/168 (90.5) 416/508 (81.9)
Median nurse time (min) for weekly titration interaction® (per-patient 12 (7) 15(6) 15()

per-week), mean (SD)

#itration Interaction time includes the time to prepare for the call, have the call (often with atranslator), and document the call.
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Table 6. Percentage of providers making at least one referral to the Mobile Insulin Titration Intervention (MITI) program.

Provider type Bellevue, n (%)? Gouverneur, n (%)2 Total, n (%)2
Attending physician 28 (97) 13 (68) 41 (85)
Resident 37 (40) 4(15) 39° (42)
Physician assistant 3(50) 5(71) 8 (62)
Diabetes nurses 2 (100) N/AC 2 (100)

8Referral rates calculated as the number of unique referring clinicians divided by the total number of possible referring clinicians.
BA small number of residents rotated through and made referrals at both sites during the study period.

°N/A: not applicable.

Table 7. Mobileinsulin titration intervention (MITI) patient satisfaction and program feedback among patients who have completed the program.

Patient experience questions

Bellevue (N=66 survey Gouverneur (N=34 survey Total (N=100 survey

respondents) respondents) respondents)

Comfort level sharing info via texts, n (%)

Very 65 (99) 32 (94) 97 (97.0)

Somewhat 0(0) 2(6) 2(2.0)

Not at all 12 0(0) 1(1.0)
Preferencefor clinic, n (%)

No 65 (99) 32(94) 97 (97.0)

Yes 1(2 2(6) 3(3.0)
Number of textswere, n (%)

Too many 0(0) 0(0) 0(0.0)

Just right 64 (97) 30(88) 94 (94.0)

Too few 2(3) 4(12) 6 (6.0)
Texts helpfulness as reminder to check sugar levels, n (%)

Very 48 (72) 18(53) 66 (66.0)

Somewhat 16 (24) 14 (41) 30(30.0)

Not at all 2(3) 2(6) 4(4.0)
Texts helpfulness asreminder to takeinsulin?, n (%)

Very 24 (36) 10 (29) 34 (34.0)

Somewhat 33 (50) 17 (50) 50 (50.0)

Not at all 9(14) 7(21) 16 (16.0)
Textshelpfulnessasreminder to make healthy food choices, n (%)

Yes, often 39 (59) 16 (47) 55 (55.0)

Sometimes 20 (30) 12 (35) 32(32.0)

Never 7(11) 6(18) 13 (13.0)

patients who said that the texts were not helpful as a reminder to take insulin said that they were already accustomed to taking their insulin each day

before the program.

Technology

Occasionaly during the course of the program, there was a
random day where the text messages were not delivered. The
MITI program coordinator (who checks daily to make sure the
program is running) noted this when it occurred and reached
out to Wellpass to troubleshoot the issues. It was aways
remedied quickly.

http://www.jmir.org/2018/3/e93/
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Discussion

Principal Findings

This study evaluated the implementation of a mobile
intervention to titrate basal insulin for uncontrolled type 2
diabetes patients (“MITI"), as it became usua care at 2
ambulatory clinics in NYC. The study produced several
important findings that help address existing literature gaps
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regarding the real-world implementation of telemedicine
interventions, particularly in resource-poor settings such asUS
safety-net clinics [27]. A strength of the study design was its
evaluation of MITI asiit transitioned into usual care at 2 sites
that had different patient populations and very different staffing
models. Bellevue Hospital used a designated program
coordinator to enroll patients into the MITI program and then
specialty trained diabetes nurses to carry out MITI’s clinical
work (daily monitoring and weekly titration phone calls).
Gouverneur Health used the general medical clinic registered
nursesto both enroll patients (aspart of the routine clinic outtake
process) andto carry out MITI’sclinical work. Both sitesfound
success, showing MITI to be adaptable and flexiblein different
settings. The latter setting, in particular, highlighted MITI as
generalizableto general medical clinicswhereregistered nurses
(but perhaps not program coordinators nor specialty trained
diabetes nurses) will be present.

Program and clinical data (ie, percent of patientsreaching OID,
time to OID, changes in FBG and HbA . levels) showed that
patientsenrolled inthe MITI program achieved excellent clinica
outcomes that are very similar to those found in MITI’s prior
pilot RCT [26]. Thisdemonstratesthat MITI was ableto achieve
continued positive outcomesin real-world settings using regular
clinical staff serving expanded safety net popul ations. Moreover,
the study of a patient population receiving MITI as usual care
shows that MITI is able to produce positive outcomes with
patients who did not self-select to participate in a controlled
research study.

Process outcomes (ie, text and titration call response rates)
further demonstrated high patient engagement, acceptability,
and usability of the program among patients. Previous studies
have reported that diabetes patientsfind tel ehealth interventions
easy to use and that they engage with text-messaging
interventions, and prior implementation research has shown
that employing user-friendly technology that takes little time
to learn and use in telemedicine interventions for diabetes
patientsis akey component of implementation success[34]. In
this study, patients were easily able to use MITI’s once-daily
basic SMS messaging and brief weekly phone calls.
Additionally, satisfaction survey responses found that most
patients were satisfied with the number of texts received, were
comfortable sharing their information through text, and preferred
not having to come to the clinic. Although the MITI daily text
only included the question, “What was your fasting blood sugar
this morning?’, without additional motivational or educational
content, patients repeatedly shared on surveysthat just knowing
that the text message was coming in the morning provided the
motivation to make healthier food choices, take their insulin,
and check their blood glucose in the morning. Patient
satisfaction ratings with MITI were similar to—or greater
than—prior research evaluating telemedicine interventions for
diabetes patients [35-37]. For example, Odnoletkovaet al found
that 98% of patients enrolled in atelecoaching intervention for
diabetes patients reported overall satisfaction with the program
and 92% felt that phone was an acceptable mode of
communication [35]. Welch and Balder found high acceptability,
convenience, and ease of use ratings (>80%) from 30 diabetes
patients enrolled in amulti-component tel eheal th program being

http://www.jmir.org/2018/3/e93/
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studied at an urban community center. Of note, prior reported
data on the acceptability of telemedicine interventions for
diabetes patients have largely been collected during feasibility
or controlled studies [37]. Thisimplementation study makes a
significant contribution to the literature on telemedicine
interventionsfor diabetes patients by demonstrating high patient
acceptability and usability of MITI in areal-world, safety-net
Setting.

Low adoption by providers can be one of the greatest barriers
to implementation of telehealth interventions, yet our referral
datashowed high adoption of MITI by staff, with most providers
making at least one MITI referral. This report did not assess
acceptability among providers. Detailed information about
acceptability will be reported in a separate manuscript. Briefly,
interviewed providers who made at least one referral reported
that their perception of MITI asan effective, convenient, usable,
and acceptable option for their patients drove their adoption of
the intervention (consistent with other implementation studies
evaluating factors that influence provider use of new telehealth
programs) [35,38,39]. Interviewed providers who did not refer
a single patient provided reasons such as patients neither
English- nor Spanish-speaking (the only two languages our
program was able to offer) or older and less technologically
“savvy.” Prior implementation research has also suggested that
providers may not refer patients to mHealth interventions
because of their concerns about the effectiveness of mobile
health care as compared with direct patient contact [34].

Finally, process outcomes showed the program to be feasible
as observed nursetitration time of 15 min per patient per week
was reasonable. The study’s cost-savings analysis further
showed that the MITI program’s savings in terms of visits
averted and patient time saved far outweighed the costs of
technology and staff time at both sites. Of note, the per-patient
per-week savings are less at Gouverneur Health because the
technology company that we worked with charges alicense for
each clinician that accesses the platform. At Bellevue Hospital,
there were only 5 team members that needed to access the
platform. These 5 team membersincluded the 2 diabetes nurses
who ran the program for all MITI patients, 1 general medical
clinic nurse (who was a backup in case both diabetes nurses
were away), and the MITI clinical coordinator and program
director (both of whom oversaw the program at both locations,
but spent the majority of their combined time at Bellevue
Hospital). In contrast, at Gouverneur Health, there were 18
nurses that participated in the MITI program, and each of them
needed their own license. Of note, this cost sensitivity analysis
is based on the pricing of one Web platform provider. In
addition, this cost analysis does not take into account potential
downstream health savings from improved glycemic control.

Limitations

Similar to many implementation research studies, our study had
no control group for theclinical outcomes. However, the origina
MITI pilot RCT showed that MITI was efficacious compared
with usual care[26]. Nurse time spent on the project was based
on self-report, which may be subject to recall bias. Moreover,
we only had pre and post HbA ;. dataon 71% of MITI patients.

Itis possible that there was aclinical difference between these
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patients, and the 29% of patients who did not have pre and post
labs within the lab window. Additionally, a further limitation
of this study might be our gap of knowledge in the potential
reach of MITI. It is hard for us to know how many patients
would have been eligiblefor the program, asthereisno registry
of such patients.

Conclusions

Levy et a

through the use of basic cell phone technol ogy, which has great
potential to improve access to care and reduce disparities in
diabetes care for a multiracial, multiethnic, low-income
population. This implementation study showed MITI to have
continued success after transitioning from an RCT pilot program
into real-world settings. MITI wasfound to flexiblein different
settings, generalizableto ageneral medical clinic setting, highly
acceptable to patients and providers, and feasible for nursesto

MITI is a patient-centered, text message-based program that
allows the remote titration of once-daily basal insulin solely

deliver as part of their routine workflow.
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Abstract

Background: New fitnesstrackersand smartwatches are released to the consumer market every year. These devices are equipped
with different sensors, algorithms, and accompanying mobile apps. With recent advances in mobile sensor technology, privately
collected physical activity data can be used as an addition to existing methods for health data collection in research. Furthermore,
data collected from these devices have possible applications in patient diagnostics and treatment. With an increasing number of
diverse brands, there is aneed for an overview of device sensor support, aswell as device applicability in research projects.

Objective: The objective of this study was to examine the availability of wrist-worn fitness wearables and analyze availability
of relevant fitness sensors from 2011 to 2017. Furthermore, the study was designed to assess brand usage in research projects,
compare common brands in terms of developer access to collected health data, and features to consider when deciding which
brand to use in future research.

Methods: We searched for devices and brand namesin six wearable device databases. For each brand, we identified additional
devices on official brand websites. The search was limited to wrist-worn fitness wearables with accelerometers, for which we
mapped brand, release year, and supported sensors relevant for fitness tracking. In addition, we conducted a Medical Literature
Analysis and Retrieval System Online (MEDLINE) and Clinical Trials search to determine brand usage in research projects.
Finally, we investigated devel oper accessibility to the health data collected by identified brands.

Results:. We identified 423 unique devices from 132 different brands. Forty-seven percent of brands released only one device.
Introduction of new brands peaked in 2014, and the highest number of new devices was introduced in 2015. Sensor support
increased every year, and in addition to the accel erometer, a photopl ethysmograph, for estimating heart rate, was the most common
sensor. Out of the brands currently available, the five most often used in research projects are Fitbit, Garmin, Misfit, Apple, and
Polar. Fithit is used in twice as many validation studies as any other brands and isregistered in Clinical Trials studies 10 times as
often as other brands.

Conclusions: Thewearablelandscapeisin constant change. New devices and brands are rel eased every year, promising improved
measurements and user experience. At the same time, other brands disappear from the consumer market for various reasons.
Advances in device quality offer new opportunities for research. However, only a few well-established brands are frequently
used in research projects, and even less are thoroughly validated.

http://www.jmir.org/2018/3/e110/ JMed Internet Res 2018 | vol. 20 | iss. 3 [e110 | p.144
(page number not for citation purposes)


mailto:andre.henriksen@uit.no
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

(J Med Internet Res 2018;20(3):€110) doi:10.2196/jmir.9157

Henriksen et d

KEYWORDS

motor activity; physical activity; fitness trackers; heart rate; photoplethysmography

Introduction

Background

The World Health Organization recommends 150 min of
moderate intensity physical activity (PA) each week for adults
and 60 min for children and adolescents [1]. However, 25% of
adults and more than 80% of adolescents do not achieve the
recommended PA targets [1]. Results from the Tromsg Study,
the longest running population study in Norway, shows that
only 30.4% of women and 22.0% of men reach the
recommended target [2].

Low PA iscurrently the fourth leading risk factor for mortality
worldwide[3]. Even though thereislimited evidence that using
wearablefitnesstrackerswill improve health [4,5], these devices
arestill popular, and new fitness devices appear on the consumer
market regularly. In 2016, vendors shipped 102 million devices
worldwide, compared with 82 million in 2015 [6]. Fifty-seven
percent of these deviceswere sold by thetop five brands: Fithit,
Xiaomi, Apple, Garmin, and Samsung. Thefirst quarter of 2017
shows an increase of 18% in devices sold, compared with the
same period in 2016 [7]. With a large number of available
devices and brands, it is difficult to navigate through an
ever-growing list of brands and devices with different
capabilities, price, and quality.

Available sensorsand internal interpreting algorithms determine
device output. Sensor data are, in most devices, reduced to a
limited set of metrics before being transferred to the user’'s
mobile phone. In addition, limited space affects how long the
device can collect data before such atransfer is needed. Data
arestored locally, and in many cases, uploaded to brand specific
or open cloud—based health repositories. Accessing these data
by third-party apps and comparing them isnot always possible.
These interoperability challenges were recently identified in a
study by Arriba-Pérez et a [8]. They suggested waysto handle
these issues, but they did not make any brand or device
recommendations. Several studies have compared
activity-tracking wearables. As an example, Kaawkannate and
Kim [9] did a comparison of four popular fitness trackers in
2016. They compared devices objectively and subjectively.
Datawerethoroughly collected, but because of therapid rel ease
of new devices, these four devices will be among the most
popular only for arelatively short time. A comparison of brands
is also of interest because brands from larger companies are,
compared with small start-ups and crowd funded brands, likely
to survive longer. In addition, it is of interest to know which
brands support the various available programming options.
Sanders et a [10] did a literature review on articles using
wearables for health self-monitoring and sedentary behavior
and PA detection. They reviewed various aspects of these
devices, but they gave no details about device sensor support
and suitability in research.

http://www.jmir.org/2018/3/e110/

The objective of this study was to examine how the consumer
market for wearables has evolved, and analyze and summarize
available devices that can measure PA and heart rate (HR).
Moreover, we aim to identify brands that are used extensively
in research projects, and compare and consider their relevance
for future studies.

Sensors

A plethora of devices promises to measure PA in new and
improved ways. These devices use different sensors and
algorithmsto cal cul ate human readabl e metrics based on sensor
output. Traditional step counters use pedometersto detect daily
step counts. Although cheap and energy efficient, pedometers
are not as accurate as accelerometers, which is the current
standard for collecting PA data[11]. All modern fithesstrackers
and smartwatches have an accelerometer. Compared with
research tools (eg, ActiGraph [12]), these devices are considered
less accurate for some measurements [13,14]. However, they
are generally less invasive, cheaper, have more functionality,
are more user-friendly, and are increasingly being used in
research. Most accel erometer-based fitness wearables measure
acceleration in three directions[15] and can be used to estimate
type of movement, count steps, calculate energy expenditure
(EE) and energy intensity, as well as estimate sleep patterns
and more. The validity and reliability of these metrics varies.
Evenson et al [14] did areview in 2015 and found high validity
for steps but low validity for EE and sleep. Furthermore, they
found reliability for steps, distance, EE, and sleep to be high
for some devices.

In addition, some wearables have gyroscopes, magnetometers,
barometers, and atimeters. A gyroscope can potentially increase
device accuracy by measuring gravitational acceleration, that
is, orientation and angular velocity, and better estimate which
activity type aperson is performing [16]. A magnetometer isa
digital compass[15] and canimprove motion tracking accuracy
by detecting the orientation of the device relative to magnetic
north. Magnetometers improve accuracy by compensating for
gyroscope drift, a problem with gyroscopes where the rotation
axis slowly drifts from the actual motion and must be restored
regularly. Accelerometers, gyroscopes, and magnetometers are
often combined into an inertial measurement unit (IMU). Most
mobile phones use IMUs to calculate orientation, and an
increasing number of fitness wearablesinclude this unit to give
more accurate metrics. Barometers or altimeters detect changes
in atitude [15] and can be used to improve some metrics (eg,
EE), aswell as report additional metrics (eg, climbed floors).

Photoplethysmography (PPG) is a relatively new technique in
wearables. PPG is an optical technique to estimate HR by
monitoring changes in blood volume beneath the skin [17]. A
light-emitting diode projects light onto the skin, which is
affected by the HR and reflected back to the sensor. However,
movement, ambient light, and tissue compression affect the
light, resulting in signal noise, and cleaning algorithms often

JMed Internet Res 2018 | vol. 20 | iss. 3 €110 | p.145
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.9157
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

use accelerometer data to assist HR estimation [18]. There is
some evidence that gyroscopes could be used [19] to reduce
PPG signal noise, so we are likely to see more devices in the
future equipped with PPG sensors. To further enrich the PA
data collection, some devices have abuilt in global positioning
system (GPS) receiver. This is especialy true for high-end
fitness trackers and sports watches specifically targeting
physically active people. With a GPS, it is possible to track
more data, including position, speed, and altitude.

Algorithmsand M obile Apps

Raw datafrom sensors must be converted into readable metrics
to be meaningful for the user. Many devices only display a
limited set of metrics directly on the device (eg, today’s step
count or current HR) and rely on an accompanying mobile app
to show the full range of available metrics (eg, historic daily
step count and detailed HR data). Although the physical sensors
in these devices are very similar, the algorithms that interpret
sensor output are unique for most vendors. These algorithms
are often company secrets, and they can be changed without
notice. In addition, the quality and supported features of the
accompanying mobile apps varies, and thetotal user experience
will therefore differ. Each additional sensor included inadevice
can be used to add additional types of metrics for the user or
supply internal agorithms with additional data to improve
accuracy of aready available metric types. However, additional
sensors affect price and power consumption.

Device Types

There are many similarities between different types of devices,
and they may be difficult to categorize. We will use the term
wearablein this paper asacommon term for wrist-worn devices
that can track and share PA data with a mobile phone.

A smartwatch is a wrist-worn device that, mostly, acts as an
extension to a mobile phone and can show notifications and
track PA and related metrics. Modern smartwatches often
include a touch screen and can support advanced features and
display high resolution activity trends[15]. Fitnesstrackers (ie,
smart band or fitness band), normally worn on the wrist or hip,
are devices more dedicated to PA tracking. A fitnesstracker is
typically cheaper than a smartwatch because of less expensive
hardware and often fewer sensors. Dueto this, it generally also
has better battery life and a limited interface for displaying
tracking results[15].

Other terms are also used, for example, sports watch and GPS
watch, which can be considered merges between smartwatches
and fitness trackers. In addition, there are hybrid watches (ie,
hybrid smartwatches) that have a traditional clockwork and
analogue display that have been fitted with an accelerometer.
An accompanying mobile app is needed to access most data,
but daily step counts are often represented as an analogue gauge
on the watch face.

Wear able Usage Scenario

Wearables come forward as a new alternative to tracking PA
in research (compared with, eg, ActiGraph), especially when it
is desired to collect measurements for a prolonged period of
time. In an intervention study, continuous data collecting from
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wearables would allow researchers to better track changes in
PA and adjust the intervention accordingly. Wearables can also
be used in epidemiological research as a tool for tracking PA
for an extended period. This could reveal detailed PA changes
in a population over time. In both scenarios, there are several
potential important requirements to consider when choosing a
device for the study, including usability, battery life, price,
accuracy, durability, look and feel, and data access possibilities.

Methods
Search Strategies

Brands, Devices, and Sensors

We searched six databases to create a list of relevant wearable
devices: The Queen’s University’s Wearable Device Inventory
[20], The Vandrico Wearables database [21], GsmArena [22],
Wearables.com [23], SpecBucket [24], and PrisGuide [25,26].
We only used publicly available information when comparing
devices. We did the search from May 15, 2017 to July 1, 2017.

Weidentified wearablesin two steps. In step one, we identified
and searched the six defined databases. In step two, we extracted
al brands from the list of devices identified in step one and
examined brand websites for additional devices. If we found
the same device in several databases with conflicting
information, we manually identified the correct information
from the device's official website or other online sources (eg,
Wikipedia and Google search). We removed duplicates and
devices not fitting the inclusion criteria.

Brand Usage in Research

We searched Ovid MEDLINE on September 30, 2017 to
determine how often the most relevant brands were used in
previous studies. For each search, we performed a keyword
search with no limitations set. We divided our findings into
validation and reliability studies and data collection studies.

To decide which brand to consider most relevant, we did two
sets of searches. In the first set, we created a brand-specific
keyword search for brands that were (1) One of the five most
sold brands in 2015 or 2016 or (2) Had released 10 or more
unique devices. From the resulting list of articles, we screened
title, abstract, and the method section. This screening was done
to (1) Exclude articlesout of scopeand (2) To identify additional
brands used in these studies. We compiled alist of these brands
and performed a second set of searches, one for each new
identified brand. Eleven brands were finally included. The
specific keyword search used for each brand is given in the
Results section where we summarize our findings.

We also searched the US National Library of Medicine database
of clinical studiesthrough the Clinical Trials website, using the
same 11 keyword searches, to determine brand usagein ongoing
projects. One author did the articles screening, as well as the
projects description screening in Clinical Trials.

Brand Developer Possibilities

To determine how relevant a specific brand is when planning
a new research project, we reviewed the 11 identified brands
and considered available developer options, supported mobile
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phone environments, and options for health data storage. We
especially reviewed availability of an application programming
interface (APl) and a software development kit (SDK).
Information was collected from Google Play, Apple's App
Store, and officia brand websites. Information retrieval was
donein September 2017.

Inclusion and Exclusion Criteria

Brands, Devices, and Sensors

The study islimited to wrist-worn consumer devicesthat utilize
accelerometers to measure PA. Devices capable of collecting
HR from the wrist using an optical sensor were tagged as PPG
devices. Devices were tagged as GPS devices only if they had
a built-in GPS tracker. We only included devices meant for
personal use, designed to be worn continuoudly (24/7), and were
capable of sharing datawith mobile phones through Bluetooth.
Thewrist-worn limitation was added because hip-worn devices
are not normally worn during the night (ie, not 24/7). Only
devicesreleased before July 1, 2017 wereincluded. We excluded
hybrid watches because most hybrid vendors make a large
number of watch variations, with what seems to be the same
hardware. In addition, these watches are mostly available
through high-end suppliers of traditional watches, at a price
point that would prevent researchers from considering their use
in alarge study.

Brand Usage in Research

Due to the large number of available brands, we limited our
search to include only the 11 brands already identified as
relevant. We excluded brands that are no longer available (ie,
company shut down). Review studies were also excluded.

Brand Developer Possibilities

When reviewing brand relevance in research, we only reviewed
devel oper capahilitiesfor the 11 brandswe had already included
in the list of relevant brands. We set the additional limitation
that the brand was used in at least one article in Ovid
MEDLINE.

Device Categorization, Data Collection, and Reporting
Categories

When collecting information about wearables, we categorized
them into three groups:

1. Smartwatches: a device was tagged as a smartwatch if
- It supported mobile phone natifications, and the vendor
described it as a smart watch, or if
- It had atouch screen and was not explicitly described
as afitness tracker by the vendor.

2. Fitness trackers: we classified a device as a fitness tracker
if
» Itsmain purpose was to track PA, or if
» Thevendor caled it afitnesstracker, or if
- The device did not support notifications from the
connected mobile phone (eg, incoming calls or texts).

3. Hybrid watches: to be considered ahybrid watch, the device
had to have an analogue clockwork with a built-in digital
accelerometer.
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We collected the following variables for each device: brand
name, device name, year of release, country of origin, device
type (eg, fitness tracker), and whether they had a built-in
accel erometer, gyroscope, magnetometer, barometer or atimeter,
GPS, and PPG.

We looked at three aspects of the devices we identified and
reported under three categories:

1. Maetricsand trends: in this category, we described the status
for available brands, devices, and sensors, as well as
reviewed trendsin sensor availability over time.

2. Brand usageinresearch: in this category, we searched Ovid
MEDLINE and Clinica Trialsand determined which brands
are most used in aresearch setting.

3. Brand developer possibilities: in this category, wereviewed
software integration platforms and mobile platform support
for the most relevant brands.

Results

Relevant Devices

An overview of the device search processis given in Figure 1.
Wefound 572 devices by searching online and offline databases
and 131 additional devices by visiting the official websites for
each identified brand, totaling 703 devices. Removing duplicates
left 567 unique devices. These were screened for variation, that
is, the same device with different design. After excluding 41
because of variation, 526 remained and were screened for
eligibility. We removed 103 devicesfor not fitting theinclusion
criteria. The remaining 423 devices wereincluded in the study.

Brands, Devices, and Sensors

Brands

We identified 423 unique wearables, distributed between 132
different brands. Almost half the brands (47.0%, 62/132) had
only one device. Moreover, 75.0% (99/132) of brands had three
or fewer devices, and 83.3% (110/132) had five or fewer
devices. Brands originated from 23 different countries, but the
United States (43.2%, 57/132) and China (16.7%, 22/132,
mainland China; 19.0%, 25/132, including Taiwan) represented
the largest number of brand origin. Each remaining country
represented between 0.8% (1/132) and 5.3% (7/132) of brands.

Asthe market has grown and wearabl e technol ogy has become
increasingly popular, a number of new brands have appeared
on the market. In 2011, there were only three brands available.
There was a small increase in brand count in 2012 and 2013,
but in 2014, we saw the largest increase with 41 new brands.
The number of new brands started to decreasein 2015, with 36
new brandsin 2015 and 23in 2016. Only three new brands have
been introduced in 2017, but this number only represents the
first 6 months of 2017. The final count for 2017 will likely be
higher. An overview of the number of new brandsthat appeared
on the market between 2011 and 2017 isgivenin Figure 2. Note
that some companies are no longer active and, for 17 devices,
we could not determine release year.

Most brands only had a small number of wearables, but some
produced a lot more. The brand with most unique wearables
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was Garmin (United States) with 40 different devices. No.1
(China) introduced the second highest number of wearables
with 19 devices. An overview of the release year of the 22 (out
of 132) brandsthat have released more than five devicesisgiven
in Table 1. Seven out of these 22 brands originated in the United
States, five (six including Taiwan) originated in China, and two
originated in South Korea. All other countries are represented
only once. Some of these brands are no longer active (eg, Pebble
and Jawbone).

Devices

Three devices were released in 2011 (earliest year), seven in
2012, 30 in 2013, and 87 in 2014. The year with the highest
number of new wearables was 2015, with 121 new devices. In
2016, 120 new devices were released; the first year with a
decreasing number of new wearables. The number of new and
accumul ated devicesfrom 2011 to 2017 issummarizedin Table
2. The last column (unknown) represents devices where we
could not identify the rel ease year. The above numbers represent
thetotal number of new devices. If grouped into fithesstrackers
and smartwatches, there is a small overrepresentation among
new smartwatches. Up until 2014, about half of devices were
smartwatches. In 2015 and 2016, smartwatches represented
59.3% (143/241) of new devices, whereas fithess trackers
represented 40.6% (98/241).

Henriksen et d

Sensors

The number of sensorsincluded in new devices have increased
inthelast few years. Since 2015, the order of the most common
sensors has consistently been PPG, GPS, gyroscope,
magnetometer, and barometer or altimeter. In addition, these
sensors have had a steady increase in availability in the same
period. For 2017, 71% (27/38) of new devicesincluded a PPG
sensor, 50% (19/38) included a GPS, 39% (15/38) included a
gyroscope, 34% (13/38) included a magnetometer, and 32%
(12/38) included a barometer or altimeter. Figure 3 gives an
overview of the number of devices each year that includes each
sensor, in percent of total number of released devicesthat year.
Devices with more than one sensor are represented once for
each sensor it includes.

In total, since 2011, 38.5% (163/423) of wearables have only
been equipped with one sensor (accelerometer). Moreover,
29.8% (126/423) of devices had two sensors, 12.1% (51/423)
had three sensors, 11.1% (47/423) had four sensors, and 6.4%
(27/423) had five sensors. Only 2.1% (9/423) of devices had
all six sensors. In Table 3, these numbers are broken down by
sensor combination and year. Some sensor combinations do not
exist and are excluded.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart.
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Figure 2. Number of new and aggregated available brands by year.
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Table 1. Device count per year for brands with six or more wearables.
Brand Country 2011 2012 2013 2014 2015 2016 2017 Unknown  Total?
Garmin United States 1 5 6 11 13 4 40
Fitbit United States 1 1 2 4 1 9
Misfit United States 1 1 3 1 2 8
LifeTrak United States 1 5 1 7
iFit United States 1 4 1 6
Jawbone United States 1 1 1 3 6
Pebble United States 1 1 3 1 6
No. 1 China 5 9 5 19
Omate China 2 5 2 9
Zeblaze China 2 5 2 9
Huawei China 1 3 3 1 8
Oumax China 1 2 2 1 1 7
Mobile Action Taiwan 2 2 4 8
Samsung South Korea 1 6 1 4 12
LG South Korea 3 1 1 2 7
WorldSim England 1 1 5 7
Polar Finland 1 2 4 2 2 11
Technaxx Germany 4 2 6
Awatch Italy 3 4 7
Epson Japan 2 5 7
TomTom Netherlands 2 1 4 7
MyKronoz Switzerland 4 6 7 1 18
&Total brand count for the United States=7, China and Taiwan=6, and South Korea=2. All other countries are represented only once.
Table 2. Number of new and accumulated devices by year.
Devices 2011 2012 2013 2014 2015 2016 2017 Unknown
New 3 7 30 87 121 120 38 17
Accumulated 3 10 40 127 248 368 406 423
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Figure 3. Percentage of devices released each year, supporting each sensor. GPS: global positioning system; PPG: photoplethysmography.
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Brand Usage in Research

The top five vendors in 2015 [27] and 2016 [6], in sold units,
wereFithit, Xiaomi, Apple, Garmin, and Samsung. Brandswith
more than 10 unique wearables include Garmin, No.l,
MyKronoz, Samsung, and Polar. These eight, and additional
brandsidentified during the MEDLINE search and Clinical Trials
search, were considered. We did not find any publications or
active clinical trialsthat used devicesfrom No.1 or MyKronoz.
Devices from Basis, BodyMedia, Pebble, Jawbone, Microsoft,
and Nike were also used in some of the identified studies, but
these brands do no longer produce wearables within the scope
of this paper and were excluded from further analysis.

The MEDLINE search resulted in 81 included studies that we
divided into two groups: (1) validation and reliability studies
and (2) data collection studies. Studies where wearable output
was compared with existing research instrumentsknown to give
accurate results (eg, ActiGraph) or with direct observation, as
well as studies where several wearables were compared with
each other for accuracy or reliability, were classified as
validation and reliability studies. Studieswhere wearableswere
used asatool for intervention or observation, to collect dataon
PA, HR, EE, sleep, or other available metrics, were classified
as data collection studies. Out of these 81 studies, 61 were
classified as validation and reliability studies, whereas 20 were
classifies as data collection studies.

Fitbit deviceswereused in 54 studies[9,13,28-79]. Out of these,
40 studies were validation or reliability studies. In 22 of the
studies, one or more Garmin devices were used
[32,33,46,49,50,62,77-92]. Of these, 18 were validation or
reliability studies. Eight studies used Apple devices
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[29,30,35,49,62,79,93,94]. Six of these were validation or
reliability studies. All studies using devices from Misfit, Polar,
Withings, Mio, Samsung, PulseOn, TomTom, and Xiaomi were
validation or reliability studies. Misfit devices were used in 12
studies[9,36,42,43,46,61-63,85,95-97]; Polar deviceswere used
in 6 studies [36,43,46,62,98,99]; Withings[63,85,89,100,101],
Mio[29,30,54,102,103], and Samsung [29,30,58,62,96] devices
were used in 5 studies; PulseOn devices were used in 4 studies
[29,104-106]; TomTom devices were used in 2 studies [54,79];
and Xiaomi devices were used in 1 study [96].

From Clinical Trials, wefound that the vast majority of ongoing
projects use, or are planning to use, Fitbit devices. All other
deviceswere mentioned in three or less projects, whereas Fitbit
devices were mentioned in 31 studies. A summary of these
studies and projectsis given in Table 4. We further grouped the
validation and reliability studies into five categories. A total of
31 studies focused on step counts or distance, 15 studies
researched EE, 15 studies measured HR, 10 studies measured
deep, and 7 studies collected other metrics. Multimedia
Appendix 1 gives an overview of articlesfound in MEDLINE,
which brands they included in the study, and which of the five
categoriesthey are grouped into.

Brand Developer Possibilities

Next, we considered developer possibilities for the 11 brands
already identified as most relevant in research: Apple, Fitbit,
Garmin, Mio, Misfit, Polar, PulseOn, Samsung, TomTom,
Withings, and Xiaomi. All brands had an app in the Apple App
Store and could connect to the iPhone. Except for the Apple
Watch, all other brands had an app in Google Play and could
be used with Android phones.
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Table 3. Number and percentage of devices supporting a specific group of sensors, by year.

Sensors 2011 2012 2013 2014 2015 2016 2017
Accelerometer (Acc), n (%) 2(67) 5(71) 16 (53) 40 (46) 50 (41.3) 37(30.8) 4(11)
Acc + 1 sensor, n (%)
PPG2 1(14) 1(3) 9(10) 11(9.1) 27 (22.5) 10 (26)
cp 1(33) 2(7) 9(10) 15 (12.4) 3(2.5)
Gyroscope (Gyro) 1(3) 3(3) 9(7.4) 4(3.3) 1(3)
Magnetometer (Mag) 1(14) 2(7) 1(1) 3(25)
Barometer (Bar) 1(1) 1(0.8) 2(5)

Acc + 2 sensors, n (%)

GPS + PPG 1(3) 7(5.8 6 (5) 3(8)
Gyro + PPG 4(5) 5(4.1) 5(4.2) 1(3)
Gyro + GPS 1(1) 2.7 2(17)

Bar + PPG 1(3) 1(0.8) 2(L7)

Gyro + Mag 2(2) 1(0.8)

Mag + GPS 1(3) 1(1) 1(0.8)

Mag + PPG 1(0.8)

Gyro + Bar 1(1)

Bar + GPS 22

Acc + 3sensors, n (%)

Gyro + Mag + GPS 1(3) 3(3) 3(25) 2(17) 13
Gyro + Mag + PPG 4(5) 2(L7) 3(2.5) 1(3)
Mag + Bar + GPS 3(10) 2(2) 4(3.3) 1(3)
Gyro + GPS + PPG 1(1) 6 (5) 1(3)
Bar + GPS + PPG 2(L7) 2(5)
Mag + GPS + PPG 1(0.8) 1(3)
Gyro + Bar + PPG 2.7
Gyro + Mag + Bar 1(0.8)

Acc + 4 sensors, n (%)
Mag + Bar + GPS + PPG 1(3) 3(25) 4(33)
Gyro + Mag + GPS + PPG 1(1) 3(2.5) 3(8)
Gyro + Bar + GPS + PPG 2(L7) 4(33) 1(3)
Gyro + Mag + Bar + GPS 1(0.8) 2(5)
Gyro + Mag + Bar + PPG 1(1) 1(0.8)

Acc + 5sensors, n (%)
All sensors 1(1) 2(L7) 2(L7) 4(11)

Total, n 3 7 30 87 121 120 38

3pPG: photopl ethysmography.
bGPs: global positioning system.
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Table 4. Number of identified articlesin Medical Literature Analysis and Retrieval System Online (MEDLINE) and Clinical Trials.

Brand MEDLINEasearch term MEDLINE ClinicalTrials
Validation or reliability  pata collection studies$  Validation or reliability  Datacollection
studies” (total article  (total article count=20)  studies® studies®
count=61)
Fithit Fitbit AND (AltaOR BlazeOR 40 14 1 30
Charge OR Flex OR Surge)
Garmin Garmin AND (ApproachORD2 18 4 1 2
OR Epix OR Fenix OR Forerunner
OR Quatix OR Swim OR Tactix
OR Vivo*)
Misfit Misfit AND (Flare OR FlashOR 12 0 0 1
Link OR Ray OR Shine OR Va
por)
Apple Apple watch 6 2 1 1
Polar Polar AND (“Polar Loop” OR 6 0 1 3
M200 OR M4?0 OR M600 OR
V800 OR A370)
Withings Withings 5 0 0 2
Mio Mio AlphaOR Mio Fuse ORMio 5 0 1 2
Slice
Samsung Samsung Gear NOT “Gear VR 5 0 0 2
NOT Oculus
PulseOn PulseOn 4 0 0 1
TomTom TomTom 2 0 1
Xiaomi Xiaomi 1 0 0 1

AMEDLINE: Medical Literature Analysis and Retrieval System Online.
BN umber of validation or reliability studiesin MEDLINE.

°Number of data collection studiesin MEDLINE.

dNumber of validation or reliability studiesin ClinicalTrials.

ENumber of data collection studiesin Clinical Trials.

Three brands supported Windows Phone: Fitbit, Garmin, and
Misfit. Apple Health and Google Fit are the two most common
open cloud health repositories. Mio, Misfit, Polar, Withings,
and Xiaomi, were the only brands that automatically
synchronized fitness data to both of these repositories through
these open APIs. The Apple Watch only synchronized
automatically to the Apple Health repository. Seven out of 11
brands had a private cloud repository with an accompanying
API, which allows third-party apps to access these data. Five
brands had an SDK, which makes it possible to create custom
programsto communicate with the device or create watch faces
that can run on the device.

The Apple Watch was the only device running on watchOS.
Three brands had at |east one device running on Android Wear.
The remaining seven brands used a custom system. A summary
of al attributes for each brand is given in Table 5. Not all
devices for a specific brand support all features. In addition,
this is a snapshot of the status of these attributes, which are
likely to change over time as new devices and brands expand
their capabilities. The Apple Watch development environment
is caled WatchKit SDK and can be used to write apps for the
Apple Watch [107]. Appl€e's health storage solution is called
Apple Health. A variety of different data types can be stored

http://www.jmir.org/2018/3/e110/

here and accessed by third-party developers through the
HealthKit API [108]. Access to any of these services requires
enrollment in the Apple Developer Program, which currently
costs US $99 per year.

Fitbit offers three major SDK's (Device API, Companion API,
and Settings API) for developing apps for Fithit devices. In
addition, Fitbit offers the Web API that can be used to access
Fitbit cloud-stored fitness data. The Web APl exposes six types
of data: PA, HR, location, nutrition, sleep, and weight [109].
Fitbit also has a solution for accessing high-resolution step and
HR data (ie, intraday data), granted on a case by case basis.
Thereis no cost for devel oping with the Fitbit SDKs or API.

There are two generations of programmable Garmin wearables
[110]. The Connect 1Q SDK can be used by both generations,
but devices using the newer Connect 1Q 2 generation support
more features. Development with this SDK isfree. Garmin also
offers a cloud-based Web API, Garmin Connect, which allows
third-party appsto accessusers cloud-based fitnessdata. Access
to this APl costs US $5000 (one-time license). In addition,
Garmin maintains a separate Health APl intended to be used
by companies for wellness improvement of their employess.
This API is free but requires amanual approval from Garmin.
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Table 5. Brand environment, integration, and development support.

Henriksen et d

Feature Apple  Fitbit Garmin Mio

Misfit  Polar PulseOn Samsung TomTom Withings Xiaomi

Supported platform
Android
iPhone
Windows phone O O
Integration

Automatic synchronization
to Apple Health

Automatic synchronization O
to Google Fit

Private cloud storage O O
Cloud storage API?

Developer SDkP
Watch system

Android Wear

watchOS (Apple)

Custom

3API: application programming interface.
bSDK : software devel opment kit.

The Misfit devel oper ecosystem consists of three SDK's (Sleep
SDK, Link SDK, and Device SDK) [111]. The Misfit Device
SDK is the mgor SDK for developing apps for and
communication with Misfit devices. ThisSDK isonly available
on request. Misfit also offers the Misfit Scientific Library that
can be used to access Misfits proprietary sensor agorithms
directly. This library is also only available on request. In
addition, the Misfit Cloud API isused to access users' datafrom
the Misfit cloud server. All SDKsand the API arefree.

Polar does not offer aseparate SDK. Polar devicescanintegrate
with Google Fit and Apple Health and deposits collected data
there [112]. This data are accessed using Google Fit APIs and
AppleHealthKit APIs. In addition, dataare uploaded to Polar’s
cloud storage, which is accessible by third-party developers
through the AccessLink API. Besides PA data (steps, EE, and
deep), basic training data are also stored here. Access to
AccessLink isfree.

Development for a Samsung smartwatch isdone using the Tizen
SDK (Samsung smartwatch operating system is called Tizen).
The Samsung Health SDK platform consists of two parts: Data
SDK and Service SDK. Together these can be used to store and

http://www.jmir.org/2018/3/e110/

access health data collected from internal and external sensors,
as well as third-party apps running on a Samsung watch or a
mobile phone. Development using any of these servicesisfree
[113].

TomTom offers the Sports Cloud APl for accessing data
collected from TomTom devices. The API provides four types
of data: PA (eg, exercises bouts), HR, tracking (eg, steps and
EE), and physiology (eg, weight). Access to the APl is free
[114].

Nokia acquired Withings in 2016, and the original Withings
APl isnow available asthe Nokia Health API. Besides PA and
deep measurements, the API also gives access to intraday PA
data. Nokiamust manually approve accessto this high-resolution
activity APIl. The APl isfree[115].

Summarizing Results

Which features are most important when considering devices
for aresearch project will depend on the purpose and design of
the study. It is therefore not possible to identify one brand as
the best brand in all circumstances. However, we have tried to
guantify various aspects of a brand to identify and summarize
their benefits.
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Table 6. Brand summary.

Henriksen et d

Brand Fitbit Garmin Misfit Apple Polar Samsung Withings Mio PulseOn TomTom Xiaomi MyKronoz No.1
Devices? 9 40 8 3 11 12 2 3 1 7 3 18 19
MEDLINE? 54 22 2 8 6 5 5 5 4 2 1
Validationor 40 18 12 6 6 5 5 5 4 2 1
reliability®
Steps 21 10 6 1 2 2 4 1
Energy ex- 10 4 3 4 3 1 2 2
penditure
Heart rate 7 4 1 4 1 2 5 4 2 1
Sleep 8 1 4 1 2
Other 3 4 2 1
ClinicaTrias® 31 3 1 2 4 2 2 3 1 1 1
SDK® 0 0 O 0 o O
APl 0 0 O 0 o O 0 0
Apple Healthd O o O o o O
Google Fit" 0 O u u 0

@Number of unique devices.

PMEDLINE: Medical Literature Analysis and Retrieval System Online. Number of articlesin MEDLINE.
®Number of validation or reliability studiesin MEDLINE, grouped by metric (step, EE, HR, sleep, and others).

dNumber of active projectsin Clinical Trials.
€Supports an SDK for third-party software implementation.

fAPI: application programming interface. Supports an API for developer access to data cloud.

9Supports automatic synchronization to Apple Health data cloud.
hSupports automatic synchronization to Google Fit data cloud.

We used eight categoriesin this custom comparison, which we
suggest to consider before deciding on abrand for any research
project:

1. Device count: a higher number of available devices make
it possibleto pick adevicethat ismoretailored to the study.

2. Article count: a higher number of articles in Ovid
MEDLINE indicate usage in previous studies.

3. Vaidation or reiability count: a high number of validation
or reliability studies provides knowledge about device and
brand accuracy.

4. ClinicalTrids count: a high number of active projects in
Clinical Trialsindicate brand relevance.

5. SDK support: brands that allows third-party programs to
run on their devices or communicate directly with the
device, by offering an SDK, adds more possibilities for
customization.

6. APl support: brands that allows third-party programs to
access the data cloud repository, by offering APl access,
adds more possibilities for health data collection and
retrieval.

7. AppleHealth: brands supporting automatic synchronization
to Apple Health allow usage of Apple HealthKit API.

8. Google Fit: brands supporting automatic synchronization
to Google Fit allow usage of Google Fit API.

http://www.jmir.org/2018/3/e110/

A consensus between authors was reached to include these
specific categories because we think together they indicate how
often a specific brand has been used in the past and will be used
inthefuture, and they show which optionsare availablefor data
extraction. These are not the only possible categories, and each
category will not be equally important for all studies.

Table 6 gives a summary of these categories for each brand. A
transposed Excel (Microsoft) version for dynamic sorting is
given in Multimedia Appendix 2. We have divided MEDLINE
validation and reliability studiesinto subgroups, making it easier
to compare brands for specific study purposes.

Discussion

Availability and Trends

The number of new brands increased every year from 2011 to
2014, but from 2015 to 2016, we saw a decrease in the number
of new brands. The number of new devices a so increased from
2011 to 2015, with a dight reduction in 2016. Many new and
existing companies have tried to enter the wearable market
during these years. Some have become popul ar, whereas others
are no longer available. The number of new devicesin thefirst
two quarters of 2017 seems low, and thereisasmall indication
that the number of new brands and devices released each year
isdeclining. During the data collection phase, we @l so identified
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alarge number of hybrid watches. Although we did not report
on these, thisrelatively new branch of wearables has grown in
popularity. The Fossil group, representing 19 brands, recently
announced they would launch more than 300 hybrid watches
and smartwatchesin 2017 [116]. Most of these will be hybrids,
and 2017 may see the highest number of new hybrids released
to date.

We only found nine devices that support all five sensors
considered in this study. Among the 11 most relevant brands,
only Fitbit Surge, Garmin Forerunner 935, Garmin Quatix 5,
Samsung Gear S, and TomTom Adventure fall in this category.
Most devices (68%) support only one sensor, in addition to the
accelerometer. These numbersindicate that sensor count is not
the main argument when choosing adevice for personal use. In
addition to the accelerometer, the most common sensors are
PPG and GPS, regardless of sensor count. One reason for this
may be that the added benefit of having these sensors, in a
fitness setting, is very clear. Accelerometers can be used for
step counting, PA intensity, exercise detection, and other
well-understood metrics, whereas the added benefit of a
gyroscope may be less intuitive. The added convenience of
using a PPG compared with a pulse chest strap, or no HR
detection at all, is also easy to understand. Adding a GPS aso
adds some easy-to-understand benefits, where tracking progress
on amap and the possibility to detect speed isthe most obvious.
M agnetometers and barometers or altimeters may not be sensors
that most people consider relevant for PA, although they can
be used to enhance accuracy of EE and other metrics.

Brand Usage in Research

In the MEDLINE literature search, we found 81 studies that
used one or more of the 11 brandswe identified asmost rel evant
in research. Out of these, 61 were validation or reliability
studies. The remaining 20 studies used wearable devices as data
collection instruments to measure PA, HR, EE, sleep, or other
metrics. Fithit was used in twice asmany validation or reliability
studies as any other brand. This has likely contributed to the
high number of studies where Fitbit was used as the only

Henriksen et d

instrument for health data collection. The sametrend will likely
continue in future publications because numbers from
ClinicalTrials for active projects shows an overrepresentation
of Fitbit-enabled projects. Of the brands currently available, the
five most often used in research projects are Fitbit, Garmin,
Misfit, Apple, and Polar. In addition, these brands have all
existed for several yearsand have either released alarge number
of unique devices or shipped a large number of total devices.
Assuch, they arelikely to stay on the market for the near future.

A high article count, high number of validation or reliability
studies, or high number of studiesin Clinical Trialsfor aspecific
brand does not automatically imply validity or reliability. It
does, however, show researcher interest in these brands.

Implication for Practice

Table 6 isagood starting point when considering brands for a
new research project. Article count, validation or reliability
study count, and Clinical Trials count together indicate brand
dependability. Larger numbers indicate how relevant, usable,
and valid previous researchers have found each brand to be. In
projectswhereitisrelevant, SDK support allows programmatic
interaction directly with the device. API support allows storage
in, and access to, a brand-specific cloud-based health data
repository. Apple Health and Google Fit support are alternative
solutions for storing and accessing health datain an open cloud
repository. For projects that require multiple brand support,
using open solutions reduces the need to implement specific
software for each brand. SDK, API, Apple Health, and Google
Fit must be supported on both the brand and device level,
however.

A high brand device count makes it easier to find a device that
best supports the study needs. In addition to available sensors
(ie, metrics), validation, and previous usage in research, several
other potential relevant criteria exist, including price,
availability, phone environment support, affiliated app features,
look and fedl, battery life, build quality or robustness, water
resistance, connectivity, and usability.

Figure 4. Criteriato consider when choosing brand or device. API: application programming interface; SDK: software development kit.

SDK support

APl support

Apple Health support
Google Fit support

Brand

* Device count
* Article count
+ Validation study count
* ClinicalTrials.org count

Device
+ Sensors + Battery life
+ Validation * Robustness
* Previous usage + Water resistance
* Price + Connectivity
+ Availability + Usability
* Phone environment + Easy of data access
+ Affiliated app features * Privacy
* Look and feel + Security
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Furthermore, projects that need programmatic access to the
wearable or stored health data should especially consider SDK
or API features and ease of use, aswell as privacy and security.
Figure 4 givesasummary of criteriato consider when selecting
brand and device.

Limitations

We visited all the brands’ websites to find additional devices,
but several sites did not contain any information about
discontinued devices. The release year of a device was rarely
available on device webpages, and we had to search for reviews
and other sources to find this information. The level of detail
in device hardware specifications varied. Some vendors did not
specify which sensor they included in their devices and only
mentioned which features the device had. In some cases, the
sensor could be derived from thisinformation, but in other cases,
we had to find this information elsewhere. Wikipedia was also
used to collect sensor support and release year for some devices.
This open editable encyclopedia is not necessarily always
updated with correct information. For these reasons, there may
be some inaccuracies in reported sensor support and release
year. We did not collect information about device
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discontinuation. Reported numbers for total available devices
does, therefore, not reflect the numbers of devicesthat currently
can be store bought but rather the number of unique devices
that have existed at some point.

Conclusions

Inthe last few years, we have seen alargeincrease in available
brands and wearable devices, and more devices are released
with additional sensors. However, for activity tracking, some
sensors are more relevant than others are. In this study, we have
focused on sensor support, health data cloud integration, and
devel oper possihilities; because wefind these to be most rel evant
for collection of PA datain research. However, deciding which
wearable to use will depend on severa additional factors.

The wearable landscape is constantly changing as new devices
are released and as new vendors enter or leave the market, or
are acquired by larger vendors. What currently are considered
relevant devices and brands will therefore change over time,
and each research project should carefully consider which brand
and deviceto use. Asatool for futureresearch, we have defined
achecklist of elementsto consider when making this decision.

The authors would like to thank Vandrico Solutions Inc for giving them APl access to their database. They would aso like to
thank Steven Richardson and Debra Mackinnon at Queen’s University for giving them an excerpt from their offline wearable
database. The publication charges for this study have been funded by a grant from the publication fund of the University of

Tromsg — The Arctic University of Norway.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

List of MEDLINE articlesincluded in the results for "Brand usage in research".
[XLSX File (Microsoft Excel File), 24KB - jmir_v20i3e110_appl.xIsx ]

Multimedia Appendix 2

Summary of the most important categories to consider when selecting a wearable brand for research.
[XLSX File (Microsoft Excel File), 13KB - jmir_v20i3e110_app2.xIsx ]

References

1.  World Health Organization. Physical activity URL: http://www.who.int/mediacentre/factsheets/fs385/en [accessed

2017-09-11] [WebCite Cache ID 6tQOY SnXaX]

2. EmausA, Degerstram J, Wilsgaard T, Hansen BH, Didli-Conwright CM, Furberg AS, et al. Doesavariation in self-reported
physical activity reflect variation in objectively measured physical activity, resting heart rate, and physical fitness? Results
from the Tromso study. Scand J Public Health 2010 Nov;38(5 Suppl):105-118. [doi: 10.1177/1403494810378919] [Medline:

21062845]

3. World Health Organization. 2017. Global Strategy on Diet, Physical Activity and Health URL: http://www.who.int/
dietphysicalactivity/palen [accessed 2017-09-11] [WebCite Cache ID 6tOXoFxbF]

4.  Finkelstein EA, Haaland BA, Bilger M, Sahasranaman A, Sloan RA, Nang EE, et al. Effectiveness of activity trackerswith
and without incentives to increase physical activity (TRIPPA): arandomised controlled trial. Lancet Diabetes Endocrinol
2016 Dec;4(12):983-995. [doi: 10.1016/S2213-8587(16)30284-4] [Medline: 27717766]

5. Jakicic MM, Davis KK, Rogers RJ, King WC, Marcus MD, Helsel D, et a. Effect of wearable technology combined with
alifestyleintervention on long-term weight loss: the IDEA randomized clinical trial. JAm Med Assoc 2016 Sep
20;316(11):1161-1171. [doi: 10.1001/jama.2016.12858] [Medline: 27654602]

http://www.jmir.org/2018/3/e110/

JMed Internet Res 2018 | vol. 20 | iss. 3 1110 | p.156
(page number not for citation purposes)


jmir_v20i3e110_app1.xlsx
jmir_v20i3e110_app1.xlsx
jmir_v20i3e110_app2.xlsx
jmir_v20i3e110_app2.xlsx
http://www.who.int/mediacentre/factsheets/fs385/en
http://www.webcitation.org/6tOYSnXaX
http://dx.doi.org/10.1177/1403494810378919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21062845&dopt=Abstract
http://www.who.int/dietphysicalactivity/pa/en
http://www.who.int/dietphysicalactivity/pa/en
http://www.webcitation.org/6tOXoFxbF
http://dx.doi.org/10.1016/S2213-8587(16)30284-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27717766&dopt=Abstract
http://dx.doi.org/10.1001/jama.2016.12858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27654602&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Henriksen et al

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

IDC. Wearables Aren't Dead, They're Just Shifting Focus as the Market Grows 16.9% in the Fourth Quarter, According to
IDC URL: https://www.idc.com/getdoc.jsp?containerld=prUS42342317 [accessed 2018-03-01] [WebCite Cache ID
6xZyWGaxT]

IDC. Xiaomi and Apple Tie for the Top Position as the Wearables Market Swells 17.9% During the First Quarter URL:
https.//www.idc.com/getdoc.j sp?containerl d=prU $42707517 [accessed 2018-03-01] [WebCite Cache ID 6xZypbatQ]

de Arriba-Perez F, Caeiro-Rodriguez M, Santos-Gago JM. Collection and processing of data from wrist wearable devices
in heterogeneous and multiple-user scenarios. Sensors (Basel) 2016 Sep 21;16(9) [ FREE Full text] [doi: 10.3390/s16091538]
[Medline: 27657081]

Kaewkannate K, Kim S. A comparison of wearable fitness devices. BMC Public Health 2016 May 24;16:433 [FREE Full
text] [doi: 10.1186/s12889-016-3059-0] [Medline: 27220855]

Sanders JP, Loveday A, Pearson N, Edwardson C, Yates T, Biddle SJ, et al. Devices for self-monitoring sedentary time or
physical activity: a scoping review. JMed Internet Res 2016 May 04;18(5):€90 [FREE Full text] [doi: 10.2196/jmir.5373]
[Medline: 27145905]

Corder K, Brage S, Ekelund U. Accelerometers and pedometers: methodology and clinical application. Curr Opin Clin
Nutr Metab Care 2007 Sep;10(5):597-603. [doi: 10.1097/M CO.0b013e328285d883] [Medline: 17693743]

ActiGraph Corp. ActiGraph URL: http://actigraphcorp.com/ [accessed 2017-09-11] [WebCite Cache ID 6tOYrA9Ke]
Reid RE, Insogna JA, Carver TE, Comptour AM, Bewski NA, Sciortino C, et a. Validity and reliability of Fitbit activity
monitors compared to ActiGraph GT3X+ with female adultsin a free-living environment. J Sci Med Sport 2017
Jun;20(6):578-582. [doi: 10.1016/j.jsams.2016.10.015] [Medline: 27887786]

Evenson KR, Goto MM, Furberg RD. Systematic review of the validity and reliability of consumer-wearable activity
trackers. Int J Behav Nutr Phys Act 2015 Dec 18;12:159 [FREE Full text] [doi: 10.1186/s12966-015-0314-1] [Medline:
26684758]

Richardson S, Mackinnon D. Left to their own devices? Privacy implications of wearabl e technology in Canadian workplaces
URL: http://www.sscqueens.org/publications/ eft-to-their-own-devices [accessed 2018-03-01] [WebCite Cache ID
6xZzwL ANG]

Wagenaar RC, Sapir |, Zhang Y, Markovic S, VainaLM, Little TD. Continuous monitoring of functional activities using
wearable, wireless gyroscope and accelerometer technology. Conf Proc |IEEE Eng Med Biol Soc 2011;2011:4844-4847.
[doi: 10.1109/IEMBS.2011.6091200] [Medline: 22255423]

Allen J. Photoplethysmography and its application in clinical physiological measurement. Physiol Meas 2007
Mar;28(3):R1-39. [doi: 10.1088/0967-3334/28/3/R01] [Medline: 17322588]

Kim SH, Ryoo DW, Bae C. Adaptive noise cancellation Using accel erometers for the PPG signal from forehead. Conf Proc
|EEE Eng Med Biol Soc 2007;2007:2564-2567. [doi: 10.1109/| EM BS.2007.4352852] [Medline: 18002518]

Casson AJ, Vazquez Galvez A, Jarchi D. Gyroscope vs. accel erometer measurements of motion from wrist PPG during
physical exercise. ICT Express 2016 Dec;2(4):175-179. [doi: 10.1016/j.icte.2016.11.003]

Richardson SM, Mackinnon D. Queen's University. 2017. Wearable Device Inventory, Queen's University.

Vandrico. 2017. The wearables database URL : http://vandrico.com/wearables/ [accessed 2017-07-08] [WebCite Cache ID
6roNVvEjdE]

GSM Arena. 2017. URL : http://www.gsmarena.com/results.php3?sFormFactors=8 [accessed 2017-07-08] [WebCite Cache
ID 6roO1WCdv]

Wearables. 2017. Wearables.Com: Helping you make sense of wearable tech URL : http://www.wearables.com/devices/
[accessed 2017-07-08] [WebCite Cache ID 6ro094rOu]

Smartwatches. 2017. SpecBucket: Smart Watches URL : https://smartwatches.specbucket.com/ [accessed 2017-07-08]
[WebCite Cache ID 6roOBKrxr]

Prisguiden. 2017. Smartklokke URL : https://prisguiden.no/kategorier/smartkl okke [ accessed 2017-07-08] [WebCite Cache
ID 6roOHtX zf]

Prisguiden. 2017. Aktivitetsarmband URL: https://prisguiden.no/kategorier/aktivitetsarmband [accessed 2017-07-08]
[WebCite Cache ID 6roOJt6HJ

Business Wire. 2016. The Worldwide Wearables Market L eaps 126.9% in the Fourth Quarter and 171.6% in 2015 URL:
https.//www.busi nesswire.com/news/home/20160223005496/en/\Worl dwide-Wearables-M arket-L eaps-126.9-Fourth-Quarter
[accessed 2008-03-01] [WebCite Cache ID 6xa0wRrvV]

Balto JM, Kinnett-Hopkins DL, Motl RW. Accuracy and precision of smartphone applications and commercially available
motion sensors in multiple sclerosis. Mult Scler JExp Trand Clin 2016;2:2055217316634754 [FREE Full text] [doi:
10.1177/2055217316634754] [Medline: 28607720]

Shcherbina A, Mattsson CM, Waggott D, Salisbury H, Christle JW, Hastie T, et a. Accuracy in wrist-worn, sensor-based
measurements of heart rate and energy expenditure in a diverse cohort. J Pers Med 2017 May 24;7(2) [FREE Full text]
[doi: 10.3390/jpm7020003] [Medline: 28538708]

Wallen MP, Gomersall SR, Keating SE, Wislgff U, Coombes JS. Accuracy of heart rate watches: implications for weight
management. PLoS One 2016;11(5):e0154420 [FREE Full text] [doi: 10.1371/journal.pone.0154420] [Medline: 27232714]

http://www.jmir.org/2018/3/e110/ JMed Internet Res 2018 | vol. 20 | iss. 3 [e110 | p.157

RenderX

(page number not for citation purposes)


https://www.idc.com/getdoc.jsp?containerId=prUS42342317
http://www.webcitation.org/6xZyWGaxT
http://www.webcitation.org/6xZyWGaxT
https://www.idc.com/getdoc.jsp?containerId=prUS42707517
http://www.webcitation.org/6xZypbatQ
http://www.mdpi.com/resolver?pii=s16091538
http://dx.doi.org/10.3390/s16091538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27657081&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3059-0
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3059-0
http://dx.doi.org/10.1186/s12889-016-3059-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27220855&dopt=Abstract
http://www.jmir.org/2016/5/e90/
http://dx.doi.org/10.2196/jmir.5373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27145905&dopt=Abstract
http://dx.doi.org/10.1097/MCO.0b013e328285d883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17693743&dopt=Abstract
http://actigraphcorp.com/
http://www.webcitation.org/6tOYrA9Ke
http://dx.doi.org/10.1016/j.jsams.2016.10.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27887786&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0314-1
http://dx.doi.org/10.1186/s12966-015-0314-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26684758&dopt=Abstract
http://www.sscqueens.org/publications/left-to-their-own-devices
http://www.webcitation.org/6xZzwLAN6
http://www.webcitation.org/6xZzwLAN6
http://dx.doi.org/10.1109/IEMBS.2011.6091200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22255423&dopt=Abstract
http://dx.doi.org/10.1088/0967-3334/28/3/R01
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17322588&dopt=Abstract
http://dx.doi.org/10.1109/IEMBS.2007.4352852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18002518&dopt=Abstract
http://dx.doi.org/10.1016/j.icte.2016.11.003
http://vandrico.com/wearables/
http://www.webcitation.org/6roNvEjdE
http://www.webcitation.org/6roNvEjdE
http://www.gsmarena.com/results.php3?sFormFactors=8
http://www.webcitation.org/6roO1WCdv
http://www.webcitation.org/6roO1WCdv
http://www.wearables.com/devices/
http://www.webcitation.org/6roO94rOu
https://smartwatches.specbucket.com/
http://www.webcitation.org/6roOBKrxr
https://prisguiden.no/kategorier/smartklokke
http://www.webcitation.org/6roOHtXzf
http://www.webcitation.org/6roOHtXzf
https://prisguiden.no/kategorier/aktivitetsarmband
http://www.webcitation.org/6roOJt6HJ
https://www.businesswire.com/news/home/20160223005496/en/Worldwide-Wearables-Market-Leaps-126.9-Fourth-Quarter
http://www.webcitation.org/6xa0wRrvV
http://europepmc.org/abstract/MED/28607720
http://dx.doi.org/10.1177/2055217316634754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28607720&dopt=Abstract
http://www.mdpi.com/resolver?pii=jpm7020003
http://dx.doi.org/10.3390/jpm7020003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28538708&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0154420
http://dx.doi.org/10.1371/journal.pone.0154420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27232714&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Henriksen et al

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

Chow JJ, Thom JM, Wewege MA, Ward RE, Parmenter BJ. Accuracy of step count measured by physical activity monitors:
The effect of gait speed and anatomical placement site. Gait Posture 2017 Sep;57:199-203. [doi:
10.1016/j.gaitpost.2017.06.012] [Medline: 28666177)

Chen MD, Kuo CC, Pellegrini CA, Hsu MJ. Accuracy of wristband activity monitors during ambulation and activities.
Med Sci Sports Exerc 2016 Dec;48(10):1942-1949. [doi: 10.1249/M SS.0000000000000984] [Medline: 27183123]
Duncan M, Murawski B, Short CE, Rebar AL, Schoeppe S, Alley S, et al. Activity trackersimplement different behavior
change techniques for activity, sleep, and sedentary behaviors. Interact JMed Res 2017 Aug 14;6(2):e13 [FREE Full text]
[doi: 10.2196/ijmr.6685] [Medline: 28807889]

Sprint G, Cook D, Weeks D, Dahmen J, LaFleur A. Analyzing sensor-based time series data to track changesin physical
activity during inpatient rehabilitation. Sensors (Basel) 2017 Sep 27;17(10) [EREE Full text] [doi: 10.3390/s17102219]
[Medline: 28953257]

Chowdhury EA, Western MJ, Nightingale TE, Peacock OJ, Thompson D. Assessment of |aboratory and daily energy
expenditure estimates from consumer multi-sensor physical activity monitors. PLoS One 2017;12(2):€0171720 [FREE Full
text] [doi: 10.1371/journal.pone.0171720] [Medline: 28234979]

Mercer K, Li M, Giangregorio L, Burns C, Grindrod K. Behavior change techniques present in wearable activity trackers:
acritical anaysis. IMIR Mhealth Uhealth 2016;4(2):e40 [FREE Full text] [doi: 10.2196/mhealth.4461] [Medline: 27122452]
Gaudet J, Gallant F, Bélanger M. A bit of fit: minimalist intervention in adol escents based on a physical activity tracker.
JMIR Mhealth Uhealth 2017 Jul 06;5(7):€92 [FREE Full text] [doi: 10.2196/mhealth.7647] [Medline: 28684384]
Jacobsen RM, Ginde S, Mussatto K, Neubauer J, Earing M, Danduran M. Can a home-based cardiac physical activity
program improve the physical function quality of lifein children with fontan circulation? Congenit Heart Dis
2016;11(2):175-182. [doi: 10.1111/chd.12330] [Medline: 26879633]

Ridgers ND, Timperio A, Brown H, Ball K, Macfarlane S, Lai SK, et al. A cluster-randomised controlled trial to promote
physical activity in adolescents: the Raising Awareness of Physical Activity (RAW-PA) Study. BMC Public Health 2017
Jan 04;17(1):6 [FREE Full text] [doi: 10.1186/s12889-016-3945-5] [Medline: 28052773]

Li LC, Sayre EC, XieH, Clayton C, Feehan LM. A community-based physical activity counselling program for people
with knee osteoarthritis: feasibility and preliminary efficacy of the track-OA study. IMIR Mhealth Uhealth 2017 Jun
26;5(6):e86 [FREE Full text] [doi: 10.2196/mhealth.7863] [Medline: 28652228]

Dondzila C, Garner D. Comparative accuracy of fitness tracking modalities in quantifying energy expenditure. JMed Eng
Technol 2016 Aug;40(6):325-329. [doi: 10.1080/03091902.2016.1197978] [Medline: 27280592]

Bellone GJ, Plano SA, Cardinali DR, Chada DP, Vigo DE, Golombek DA. Comparative analysis of actigraphy performance
in healthy young subjects. Sleep Sci 2016;9(4):272-279 [EREE Full text] [doi: 10.1016/j.98lsci.2016.05.004] [Medline:
28154740Q]

Ba Y, Welk GJ, Nam YH, Lee JA, Lee IM, Kim Y, et al. Comparison of consumer and research monitors under
semistructured settings. Med Sci Sports Exerc 2016;48(1):151-158. [doi: 10.1249/M SS.0000000000000727] [Medline:
26154336]

LeeHA, LeeHJ, Moon JH, Lee T, Kim MG, In H, et al. Comparison of wearable activity tracker with actigraphy for sleep
evaluation and circadian rest-activity rhythm measurement in healthy young adults. Psychiatry Investig 2017
Mar;14(2):179-185 [FREE Full text] [doi: 10.4306/pi.2017.14.2.179] [Medline: 28326116]

Chu AH, Ng SH, Paknezhad M, Gauterin A, Koh D, Brown M, et al. Comparison of wrist-worn Fitbit Flex and wai st-worn
ActiGraph for measuring steps in free-living adults. PLoS One 2017;12(2):e0172535 [FREE Full text] [doi:
10.1371/journal .pone.0172535] [Medline: 28234953]

Brooke SM, An HS, Kang SK, Noble JM, Berg KE, Lee JM. Concurrent validity of wearable activity trackers under
free-living conditions. J Strength Cond Res 2017 Apr;31(4):1097-1106. [doi: 10.1519/JSC.0000000000001571] [Medline:
27465631]

Block VJ, Lizée A, Crabtree-Hartman E, Bevan CJ, Graves JS, Bove R, et a. Continuous daily assessment of multiple
sclerosisdisability using remote step count monitoring. JNeurol 2017 Feb;264(2):316-326. [doi: 10.1007/500415-016-8334-6]
[Medline: 27896433]

Morhardt DR, Luckenbaugh A, Goldstein C, Faerber GJ. Determining resident sleep during and after call with commercial
sleep monitoring devices. Urology 2017 Aug;106:39-44. [doi: 10.1016/j.urology.2017.03.059] [Medline: 28502597]
Dooley EE, Golaszewski NM, Bartholomew JB. Estimating accuracy at exercise intensities: a comparative study of
self-monitoring heart rate and physical activity wearable devices. IMIR Mhealth Uhealth 2017 Mar 16;5(3):€34 [FREE
Full text] [doi: 10.2196/mhealth.7043] [Medline: 28302596]

Leth S, Hansen J, Nielsen OW, Dinesen B. Evaluation of commercial self-monitoring devicesfor clinical purposes: results
from the Future Patient Trial, Phase |. Sensors (Basel, Switzerland) 2017;17(1):1-11.

Bian J, Guo Y, Xie M, Parish AE, Wardlaw I, Brown R, et al. Exploring the association between self-reported asthma
impact and Fitbit-derived sleep quality and physical activity measuresin adolescents. IMIR Mhealth Uhealth 2017 Jul
25;5(7):e105 [FREE Full text] [doi: 10.2196/mhealth.7346] [Medline: 28743679]

Coughlin SS, Hatzigeorgiou C, Anglin J, Xie D, Besenyi GM, DeLeo G, et a. Healthy lifestyleintervention for adult clinic
patients with type 2 diabetes mellitus. Diabetes Manag (Lond) 2017;7(2):197-204 [FREE Full text] [Medline: 28794802]

http://www.jmir.org/2018/3/e110/ JMed Internet Res 2018 | vol. 20 | iss. 3 1110 | p.158

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.gaitpost.2017.06.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28666177&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000000984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27183123&dopt=Abstract
http://www.i-jmr.org/2017/2/e13/
http://dx.doi.org/10.2196/ijmr.6685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28807889&dopt=Abstract
http://www.mdpi.com/resolver?pii=s17102219
http://dx.doi.org/10.3390/s17102219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28953257&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0171720
http://dx.plos.org/10.1371/journal.pone.0171720
http://dx.doi.org/10.1371/journal.pone.0171720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28234979&dopt=Abstract
http://mhealth.jmir.org/2016/2/e40/
http://dx.doi.org/10.2196/mhealth.4461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27122452&dopt=Abstract
http://mhealth.jmir.org/2017/7/e92/
http://dx.doi.org/10.2196/mhealth.7647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28684384&dopt=Abstract
http://dx.doi.org/10.1111/chd.12330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26879633&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3945-5
http://dx.doi.org/10.1186/s12889-016-3945-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28052773&dopt=Abstract
http://mhealth.jmir.org/2017/6/e86/
http://dx.doi.org/10.2196/mhealth.7863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28652228&dopt=Abstract
http://dx.doi.org/10.1080/03091902.2016.1197978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27280592&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1984-0063(16)30023-2
http://dx.doi.org/10.1016/j.slsci.2016.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28154740&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000000727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26154336&dopt=Abstract
http://psychiatryinvestigation.org/html/abstract.asp?year=2017&vol=14&page=179
http://dx.doi.org/10.4306/pi.2017.14.2.179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28326116&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0172535
http://dx.doi.org/10.1371/journal.pone.0172535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28234953&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0000000000001571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27465631&dopt=Abstract
http://dx.doi.org/10.1007/s00415-016-8334-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27896433&dopt=Abstract
http://dx.doi.org/10.1016/j.urology.2017.03.059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28502597&dopt=Abstract
http://mhealth.jmir.org/2017/3/e34/
http://mhealth.jmir.org/2017/3/e34/
http://dx.doi.org/10.2196/mhealth.7043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28302596&dopt=Abstract
http://mhealth.jmir.org/2017/7/e105/
http://dx.doi.org/10.2196/mhealth.7346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28743679&dopt=Abstract
http://europepmc.org/abstract/MED/28794802
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28794802&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Henriksen et al

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

Akerberg A, Koshmak G, Johansson A, Lindén M. Heart rate measurement as a tool to quantify sedentary behavior. Stud
Health Technol Inform 2015;211:105-110. [Medline: 25980855]

Stahl SE, An HS, Dinkel DM, Noble JM, Lee JM. How accurate are the wrist-based heart rate monitors during walking
and running activities? Are they accurate enough? BMJ Open Sport Exerc Med 2016;2(1):1-7 [FREE Full text] [doi:
10.1136/bmjsem-2015-000106]

AliniaP, Cain C, Fallahzadeh R, Shahrokni A, Cook D, Ghasemzadeh H. How accurate is your activity tracker? A
comparative study of step countsinlow-intensity physical activities. IMIR Mhealth Uhealth 2017 Aug 11;5(8):e106 [FREE
Full text] [doi: 10.2196/mhealth.6321] [Medline: 28801304]

Winslow BD, Nguyen N, Venta KE. Improved mental acuity forecasting with an individualized quantitative sleep model.
Front Neurol 2017;8:160 [FREE Full text] [doi: 10.3389/fneur.2017.00160] [Medline: 28487671]

Spiotta AM, Fargen KM, Denham SL, Fulton ME, Kellogg R, Young E, et a. Incorporation of a physical education and
nutrition program into neurosurgery: a proof of concept pilot program. Neurosurgery 2016 Oct;79(4):613-619. [doi:
10.1227/NEU.0000000000001358] [Medline: 27465847]

Modave F, Guo Y, Bian J, GurkaMJ, Parish A, Smith MD, et al. Mobile device accuracy for step counting across age
groups. IMIR Mhealth Uhealth 2017 Jun 28;5(6):€88 [FREE Full text] [doi: 10.2196/mhealth.7870] [Medline: 28659255]
Dominick GM, Winfree KN, Pohlig RT, Papas MA. Physical activity assessment between consumer- and research-grade
accelerometers. a comparative study in free-living conditions. IMIR Mhealth Uhealth 2016 Sep 19;4(3):€110 [FREE Full
text] [doi: 10.2196/mhealth.6281] [Medline: 27644334]

Schoenfelder E, Moreno M, Wilner M, Whitlock KB, Mendoza JA. Piloting amabile health intervention to increase physical
activity for adolescentswith ADHD. Prev Med Rep 2017 Jun;6:210-213 [FREE Full text] [doi: 10.1016/j.pmedr.2017.03.003]
[Medline: 28373931]

Kooiman TJ, Dontje ML, Sprenger SR, Krijnen WP, van der Schans CP, de Groot M. Reliability and validity of ten consumer
activity trackers. BMC Sports Sci Med Rehabil 2015;7:24 [FREE Full text] [doi: 10.1186/s13102-015-0018-5] [Medline:
26464801]

Fokkema T, Kooiman TJ, Krijnen WP, van der Schans CP, de Groot M. Reliability and validity of ten consumer activity
trackers depend on walking speed. Med Sci Sports Exerc 2017 Apr;49(4):793-800. [doi: 10.1249/M SS.0000000000001146]
[Medline: 28319983]

Mantua J, Gravel N, Spencer RM. Reliability of sleep measures from four personal health monitoring devices compared
to research-based actigraphy and polysomnography. Sensors (Basel) 2016 Dec 05;16(5) [FREE Full text] [doi:
10.3390/s16050646] [Medline: 27164110]

Chen JL, Guedes CM, Cooper BA, Lung AE. Short-term efficacy of an innovative mobile phone technol ogy-based
intervention for weight management for overweight and obese adolescents: pilot study. Interact JMed Res 2017 Aug
02;6(2):€12 [FREE Full text] [doi: 10.2196/ijmr.7860] [Medline: 28768612]

Reichardt LA, Aarden JJ, van Seben R, van der Schaaf M, Engelbert RH, Bosch JA, Hospital-ADL study group. Unravelling
the potential mechanisms behind hospitalization-associated disability in older patients; the Hospital-Associated Disability
and impact on daily Life (Hospital-ADL) cohort study protocol. BMC Geriatr 2016 Mar 05;16:59 [FREE Full text] [doi:
10.1186/s12877-016-0232-3] [Medline: 26945587]

LaranjoL, Lau AY, Martin P, Tong HL, Coiera E. Use of amobile social networking intervention for weight management:
amixed-methods study protocol. Br Med J Open 2017 Jul 12;7(7):e016665 [FREE Full text] [doi:
10.1136/bmjopen-2017-016665] [Medline: 28706104]

Pumper MA, Mendoza JA, Arseniev-Koehler A, Holm M, Waite A, Moreno MA. Using a Facebook group as an adjunct
to apilot mHealth physical activity intervention: amixed methods approach. Stud Health Technol Inform 2015;219:97-101.
[Medline: 26799887]

Cook JD, Prairie ML, Plante DT. Utility of the Fitbit Flex to evaluate sleep in major depressive disorder: a comparison
against polysomnography and wrist-worn actigraphy. J Affect Disord 2017 Aug 01;217:299-305. [doi:
10.1016/j.jad.2017.04.030] [Medline; 28448949]

Jo E, LewisK, Directo D, Kim MJ, Dolezal BA. Validation of biofeedback wearables for photopl ethysmographic heart
rate tracking. J Sports Sci Med 2016 Sep;15(3):540-547 [FREE Full text] [Medline: 27803634]

Floegel TA, Florez-Pregonero A, Hekler EB, Buman MP. Validation of consumer-based hip and wrist activity monitorsin
older adults with varied ambulatory abilities. J Gerontol A Biol Sci Med Sci 2016 Jun 02;72(2):229-236. [doi:
10.1093/gerona/glw098] [Medline: 27257217]

Alharbi M, Bauman A, Neubeck L, Gallagher R. Validation of Fitbit-Flex as a measure of free-living physical activity in
a community-based phase |11 cardiac rehabilitation population. Eur J Prev Cardiol 2016 Feb 23;23(14):1476-1485. [doi:
10.1177/2047487316634883] [Medline: 26907794]

Diaz KM, Krupka DJ, Chang MJ, Shaffer JA, MaY, Goldsmith J, et al. Validation of the Fitbit One® for physical activity
measurement at an upper torso attachment site. BMC Res Notes 2016 Apr 12;9:213 [FREE Full text] [doi:
10.1186/s13104-016-2020-8] [Medline: 27068022]

http://www.jmir.org/2018/3/e110/ JMed Internet Res 2018 | vol. 20 | iss. 3 1110 | p.159

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25980855&dopt=Abstract
http://bmjopensem.bmj.com/content/2/1/e000106
http://dx.doi.org/10.1136/bmjsem-2015-000106
http://mhealth.jmir.org/2017/8/e106/
http://mhealth.jmir.org/2017/8/e106/
http://dx.doi.org/10.2196/mhealth.6321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28801304&dopt=Abstract
https://dx.doi.org/10.3389/fneur.2017.00160
http://dx.doi.org/10.3389/fneur.2017.00160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28487671&dopt=Abstract
http://dx.doi.org/10.1227/NEU.0000000000001358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27465847&dopt=Abstract
http://mhealth.jmir.org/2017/6/e88/
http://dx.doi.org/10.2196/mhealth.7870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28659255&dopt=Abstract
http://mhealth.jmir.org/2016/3/e110/
http://mhealth.jmir.org/2016/3/e110/
http://dx.doi.org/10.2196/mhealth.6281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27644334&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(17)30045-1
http://dx.doi.org/10.1016/j.pmedr.2017.03.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28373931&dopt=Abstract
http://europepmc.org/abstract/MED/26464801
http://dx.doi.org/10.1186/s13102-015-0018-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26464801&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000001146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28319983&dopt=Abstract
http://www.mdpi.com/resolver?pii=s16050646
http://dx.doi.org/10.3390/s16050646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27164110&dopt=Abstract
http://www.i-jmr.org/2017/2/e12/
http://dx.doi.org/10.2196/ijmr.7860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28768612&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-016-0232-3
http://dx.doi.org/10.1186/s12877-016-0232-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26945587&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=28706104
http://dx.doi.org/10.1136/bmjopen-2017-016665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28706104&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26799887&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2017.04.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28448949&dopt=Abstract
http://europepmc.org/abstract/MED/27803634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27803634&dopt=Abstract
http://dx.doi.org/10.1093/gerona/glw098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27257217&dopt=Abstract
http://dx.doi.org/10.1177/2047487316634883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26907794&dopt=Abstract
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-016-2020-8
http://dx.doi.org/10.1186/s13104-016-2020-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27068022&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Henriksen et al

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Sushames A, Edwards A, Thompson F, McDermott R, Gebel K. Validity and reliability of Fitbit Flex for step count,
moderate to vigorous physical activity and activity energy expenditure. PLoS One 2016;11(9):e0161224 [FREE Full text]
[doi: 10.1371/journal.pone.0161224] [Medline: 27589592]

Kang SG, Kang M, Ko KP, Park SC, Mariani S, Weng J. Validity of acommercia wearable sleep tracker in adult insomnia
disorder patients and good sl eepers. JPsychosom Res 2017 Jun;97:38-44. [doi: 10.1016/j.jpsychores.2017.03.009] [Medline:
28606497]

Voss C, Gardner RF, Dean PH, HarrisKC. Validity of commercial activity trackersin children with congenital heart disease.
Can J Cardiol 2017 Jun;33(6):799-805. [doi: 10.1016/j.cjca.2016.11.024] [Medline: 28347581]

Nelson MB, Kaminsky LA, Dickin DC, Montoye AH. Validity of consumer-based physical activity monitors for specific
activity types. Med Sci Sports Exerc 2016 Aug;48(8):1619-1628. [doi: 10.1249/M SS.0000000000000933] [Medline:
27015387]

Treacy D, Hassett L, Schurr K, Chagpar S, Paul S, Sherrington C. Validity of different activity monitors to count stepsin
an inpatient rehabilitation setting. Phys Ther 2017;97(5):581-588.

Huang Y, Xu J, Yu B, Shull PB. Validity of FitBit, Jawbone UP, Nike+ and other wearable devices for level and stair
walking. Gait Posture 2016;48:36-41. [doi: 10.1016/j.gaitpost.2016.04.025]

Gillinov S, Etiwy M, Wang R, Blackburn G, Phelan D, Gillinov AM, et al. Variable accuracy of wearable heart rate monitors
during aerobic exercise. Med Sci Sports Exerc 2017 Aug;49(8):1697-1703. [doi: 10.1249/M SS.0000000000001284]
[Medline: 28709155]

Woodman JA, Crouter SE, Bassett Jr DR, Fitzhugh EC, Boyer WR. Accuracy of consumer monitors for estimating energy
expenditure and activity type. Med Sci Sports Exerc 2017;49(2):371-377. [Medline: 27580155]

Bronikowski M, Bronikowska M, Glapa A. Do they need goals or support? A report from a goal-setting intervention using
physical activity monitorsin youth. Int J Environ Res and Public Health 2016;13(9):1-12. [Medline: 27649219]

Jones AP, Coombes EG, Griffin SJ, van Sluijs EM. Environmental supportiveness for physical activity in English
schoolchildren: a study using Global Positioning Systems. Int JBehav Nutr Phys Act 2009;6:42. [Medline: 19615073]
Mooney R, Quinlan LR, Corley G, Godfrey A, Osborough C, Olaighin G. Evaluation of the Finis Swimsense® and the
Garmin SwimTM activity monitors for swimming performance and stroke kinematics analysis. PloS One
2017;12(2):e0170902. [Medline: 28178301]

An HS, Jones GC, Kang SK, Welk GJ, Lee M. How valid are wearable physical activity trackers for measuring steps?
Eur J Sport Sci 2017 Apr;17(3):360-368. [doi: 10.1080/17461391.2016.1255261] [Medline: 27912681]

Ehrler F, Weber C, LovisC. Influence of pedometer position on pedometer accuracy at variouswalking speeds. acomparative
study. J Med Internet Res 2016 Oct 06;18(10):€268 [FREE Full text] [doi: 10.2196/jmir.5916] [Medline: 27713114]
Ammann R, Taube W, Neuhaus M, Wyss T. The influence of the gait-related arm swing on elevation gain measured by
sport watches. JHum Kinet 2016;51:53-60. [doi: 10.1515/hukin-2015-0170]

Eyre EL, Duncan MJ, Birch SL, Cox V, Blackett M. Physical activity patterns of ethnic children from low socio-economic
environments within the UK. J Sports Sci 2015;33(3):232-242. [Medline: 24998418]

Schaffer SD, Holzapfel SD, Fulk G, Bosch PR. Step count accuracy and reliability of two activity tracking devicesin people
after stroke. Physiother Theory Pract 2017;33(10):788-796. [Medline: 28777710]

O'Connell S, OLaighin G, Kelly L, Murphy E, Beirne S, Burke N, et al. These shoes are made for walking: sensitivity
performance evaluation of commercial activity monitors under the expected conditions and circumstances required to
achieve the international daily step goal of 10,000 steps. PL0S One 2016;11(5):e0154956 [FREE Full text] [doi:
10.1371/journal .pone.0154956] [Medline: 27167121]

Jennings CA, Berry TR, Carson V, Culos-Reed SN, Duncan MJ, Loitz CC, et al. UWALK: the development of a
multi-strategy, community-wide physical activity program. Trand Behav Med 2017;7(1):16-27. [doi:
10.1007/s13142-016-0417-5]

Price K, Bird SR, Lythgo N, Raj IS, Wong JY, Lynch C. Validation of the Fitbit One, Garmin Vivofit and Jawbone UP
activity tracker in estimation of energy expenditure during treadmill walking and running. JMed Eng Technol
2017;41(3):208-215. [Medline: 27919170]

Claes J, Buys R, AvilaA, Finlay D, Kennedy A, Guldenring D, et al. Validity of heart rate measurements by the Garmin
Forerunner 225 at different walking intensities. J Med Eng Technol 2017;41(6):480-485. [doi:
10.1080/03091902.2017.1333166]

OBrien A, Schlosser RW, Shane HC, Abramson J, Allen AA, Flynn S, et a. Brief report: just-in-time visual supports to
children with autism via the Apple watch®: a pilot feasibility study. J Autism Dev Disord 2016 Dec;46(12):3818-3823.
[doi: 10.1007/s10803-016-2891-5] [Medline: 27573856]

Cook S, Stauffer JC, Goy JJ, Graf D, Puricdl S, Frobert A, et al. Heart rate never lies: interventional cardiologist and Braude's
guote revised. Open Heart 2016;3(1):e000373 [FREE Full text] [doi: 10.1136/openhrt-2015-000373] [Medline: 26835145]
Mercer K, Giangregorio L, Schneider E, Chilana P, Li M, Grindrod K. Acceptance of commercially available wearable
activity trackers among adults aged over 50 and with chronic illness: a mixed-methods evaluation. IMIR mHealth uHealth
2016;4(1):e7 [FREE Full text] [doi: 10.2196/mhealth.4225] [Medline: 26818775]

http://www.jmir.org/2018/3/e110/ JMed Internet Res 2018 | vol. 20 | iss. 3 |e110 | p.160

(page number not for citation purposes)


http://dx.plos.org/10.1371/journal.pone.0161224
http://dx.doi.org/10.1371/journal.pone.0161224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27589592&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychores.2017.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28606497&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2016.11.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28347581&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000000933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27015387&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2016.04.025
http://dx.doi.org/10.1249/MSS.0000000000001284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28709155&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27580155&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27649219&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19615073&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28178301&dopt=Abstract
http://dx.doi.org/10.1080/17461391.2016.1255261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27912681&dopt=Abstract
http://www.jmir.org/2016/10/e268/
http://dx.doi.org/10.2196/jmir.5916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27713114&dopt=Abstract
http://dx.doi.org/10.1515/hukin-2015-0170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24998418&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28777710&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0154956
http://dx.doi.org/10.1371/journal.pone.0154956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27167121&dopt=Abstract
http://dx.doi.org/10.1007/s13142-016-0417-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919170&dopt=Abstract
http://dx.doi.org/10.1080/03091902.2017.1333166
http://dx.doi.org/10.1007/s10803-016-2891-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27573856&dopt=Abstract
http://europepmc.org/abstract/MED/26835145
http://dx.doi.org/10.1136/openhrt-2015-000373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26835145&dopt=Abstract
http://mhealth.jmir.org/2016/1/e7/
http://dx.doi.org/10.2196/mhealth.4225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26818775&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Henriksen et al

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.
108.
109.
110.
111.
112.
113.
114.
115.

116.

El-Amrawy F, Nounou MI. Are currently available wearable devicesfor activity tracking and heart rate monitoring accurate,
precise, and medically beneficial? Healthc Inform Res 2015 Oct;21(4):315-320 [FREE Full text] [doi:
10.4258/hir.2015.21.4.315] [Medline: 26618039]

Ferguson T, Rowlands AV, Olds T, Maher C. The validity of consumer-level, activity monitorsin healthy adults worn in
free-living conditions: a cross-sectional study. Int JBehav Nutr Phys Act 2015;12:42 [FREE Full text] [doi:
10.1186/s12966-015-0201-9] [Medline: 25890168]

Hernandez-Vicente A, Santos-Lozano A, De Cocker K, Garatachea N. Validation study of Polar V800 accelerometer. Ann
Transl Med 2016 Aug;4(15):278 [FREE Full text] [doi: 10.21037/atm.2016.07.16] [Medline: 27570772]

GilesD, Draper N, Neil W. Validity of the Polar V800 heart rate monitor to measure RR intervals at rest. Eur JAppl Physiol
2016 Mar;116(3):563-571 [FREE Full text] [doi: 10.1007/s00421-015-3303-9] [Medline: 26708360]

Gruwez A, Libert W, Ameye L, Bruyneel M. Reliability of commercially available sleep and activity trackers with manual
switch-to-sleep mode activation in free-living healthy individuas. Int JMed Inform 2017 Jun;102:87-92. [doi:
10.1016/j.ijmedinf.2017.03.008] [Medline: 28495352]

O'Connell S, OLaighin G, Quinlan LR. When astep is not astep! Specificity analysis of five physical activity monitors.
PL0S One 2017;12(1):e0169616 [FREE Full text] [doi: 10.1371/journal.pone.0169616] [Medline: 28085918]

Parak J, Korhonen |. Evaluation of wearable consumer heart rate monitors based on photopl etysmography. Conf Proc |EEE
Eng Med Biol Soc 2014;2014:3670-3673. [doi: 10.1109/EMBC.2014.6944419] [Medline: 25570787]

Spierer DK, Rosen Z, Litman LL, Fujii K. Validation of photoplethysmography as amethod to detect heart rate during rest
and exercise. JMed Eng Technol 2015;39(5):264-271. [doi: 10.3109/03091902.2015.1047536] [Medline: 26112379
Parak J, Uuskoski M, Machek J, Korhonen I. Estimating heart rate, energy expenditure, and physical performance with a
wrist photoplethysmographic device during running. IMIR mHealth uHealth 2017 Jul 25;5(7):€97 [FREE Full text] [doi:
10.2196/mhealth.7437] [Medline: 28743682]

Delgado-Gonzalo R, Parak J, Tarniceriu A, Renevey P, Bertschi M, Korhonen I. Evaluation of accuracy and reliability of
PulseOn optical heart rate monitoring device. Conf Proc IEEE Eng Med Biol Soc 2015 Aug;2015:430-433. [doi:
10.1109/EMBC.2015.7318391] [Medline: 26736291]

Parak J, Tarniceriu A, Renevey P, Bertschi M, Delgado-Gonzalo R, Korhonen |. Evaluation of the beat-to-beat detection
accuracy of PulseOn wearable optical heart rate monitor. Conf Proc IEEE Eng Med Biol Soc 2015 Aug;2015:8099-8102.
[doi: 10.1109/EMBC.2015.7320273] [Medline: 26738173]

Apple. 2017. WatchOS - Apple Developer URL: https://devel oper.apple.com/watchos [accessed 2017-09-19] [WebCite
Cache ID 6tamfJinU]

Apple. 2017. HealthKit - Apple Developer URL : https.//devel oper.apple.com/healthkit/ [accessed 2017-09-13] [WebCite
Cache ID 6tRfiSKVw]

Fitbit. 2017. Fitbit Developer URL: https://dev.fitbit.com/ [accessed 2017-09-22] [WebCite Cache ID 6tfGRUrmR]
Garmin. Garmin Developers URL: https://devel oper.garmin.com/ [accessed 2017-09-13] [WebCite Cache ID 6tRfk6phg]
Misfit. Misfit Developer Toolkit URL: https.//build.misfit.com/ [accessed 2017-09-13] [WebCite Cache ID 6tRgRKOAN]
Polar. Polar AccessLink URL: https://www.polar.com/en/connect_with polar/polar_accesslink [accessed 2017-09-19]
[WebCite Cache ID 6tamdL u6Q)]

Samsung. Samsung Hesalth - Samsung Developers URL: http://devel oper.samsung.com/heal th [accessed 2017-09-13]
[WebCite Cache ID 6tRftL AHj]

TomTom. TomTom Developer Portal URL: https.//devel oper.tomtom.com/ [accessed 2017-09-13] [WebCite Cache ID
6tRgHGWOA]

Nokia. Nokia Health APl Developer Documentation URL : https://devel oper.health.nokia.com/api [accessed 2017-09-13]
[WebCite Cache ID 6tRgHmMHNR]

PR Newswire Association. Fossil Group Reimagines the Watch URL : https.//www.prnewswire.com/news-rel eases/
fossil-group-reimagines-the-watch-300427943.html [accessed 2018-03-01] [WebCite Cache ID 6xalZ8f16]

Abbreviations

API: application programming interface

EE: energy expenditure

GPS: global positioning system

HR: heart rate

IMU: inertial measurement unit

MEDLINE: Medical Literature Analysis and Retrieval System Online
PA: physical activity

PPG: photoplethysmography

SDK: software development kit

http://www.jmir.org/2018/3/e110/ JMed Internet Res 2018 | vol. 20 | iss. 3 [e110 | p.161

RenderX

(page number not for citation purposes)


http://www.e-hir.org/journal/viewJournal.html?year=2015&vol=021&num=04&page=315
http://dx.doi.org/10.4258/hir.2015.21.4.315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26618039&dopt=Abstract
http://www.ijbnpa.org/content/12//42
http://dx.doi.org/10.1186/s12966-015-0201-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25890168&dopt=Abstract
http://dx.doi.org/10.21037/atm.2016.07.16
http://dx.doi.org/10.21037/atm.2016.07.16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27570772&dopt=Abstract
http://europepmc.org/abstract/MED/26708360
http://dx.doi.org/10.1007/s00421-015-3303-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26708360&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2017.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28495352&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0169616
http://dx.doi.org/10.1371/journal.pone.0169616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28085918&dopt=Abstract
http://dx.doi.org/10.1109/EMBC.2014.6944419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25570787&dopt=Abstract
http://dx.doi.org/10.3109/03091902.2015.1047536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26112379&dopt=Abstract
http://mhealth.jmir.org/2017/7/e97/
http://dx.doi.org/10.2196/mhealth.7437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28743682&dopt=Abstract
http://dx.doi.org/10.1109/EMBC.2015.7318391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26736291&dopt=Abstract
http://dx.doi.org/10.1109/EMBC.2015.7320273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26738173&dopt=Abstract
https://developer.apple.com/watchos
http://www.webcitation.org/6tamfJinU
http://www.webcitation.org/6tamfJinU
https://developer.apple.com/healthkit/
http://www.webcitation.org/6tRfiSKVw
http://www.webcitation.org/6tRfiSKVw
https://dev.fitbit.com/
http://www.webcitation.org/6tfGRUrmR
https://developer.garmin.com/
http://www.webcitation.org/6tRfk6phg
https://build.misfit.com/
http://www.webcitation.org/6tRgRKOAN
https://www.polar.com/en/connect_with_polar/polar_accesslink
http://www.webcitation.org/6tamdLu6Q
http://developer.samsung.com/health
http://www.webcitation.org/6tRftLAHj
https://developer.tomtom.com/
http://www.webcitation.org/6tRgHGW0A
http://www.webcitation.org/6tRgHGW0A
https://developer.health.nokia.com/api
http://www.webcitation.org/6tRgHmHhR
https://www.prnewswire.com/news-releases/fossil-group-reimagines-the-watch-300427943.html
https://www.prnewswire.com/news-releases/fossil-group-reimagines-the-watch-300427943.html
http://www.webcitation.org/6xa1Z8fI6
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Henriksen et al

Edited by G Eysenbach; submitted 17.11.17; peer-reviewed by J Sanders, P Wark, K Winfree, R Fallahzadeh, C Fernandez, comments
to author 07.12.17; revised version received 18.12.17; accepted 06.01.18; published 22.03.18.

Please cite as.

Henriksen A, Haugen Mikalsen M, Wbldaregay AZ, Muzny M, Hartvigsen G, Hopstock LA, Grimsgaard S

Using Fitness Trackers and Smartwatches to Measure Physical Activity in Research: Analysis of Consumer Wrist-Worn Wearables
J Med Internet Res 2018;20(3):€110

URL: http://www.jmir.org/2018/3/e110/

doi:10.2196/jmir.9157
PMID: 29567635

©André Henriksen, Martin Haugen Mikalsen, Ashenafi Zebene Woldaregay, Mirodlav Muzny, Gunnar Hartvigsen, Laila
Arnesdatter Hopstock, Sameline Grimsgaard. Originally published in the Journal of Medicd Internet Research (http://www.jmir.org),
22.03.2018. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, alink to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

http://www.jmir.org/2018/3/e110/ JMed Internet Res 2018 | vol. 20 | iss. 3 [e110 | p.162
(page number not for citation purposes)

RenderX


http://www.jmir.org/2018/3/e110/
http://dx.doi.org/10.2196/jmir.9157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29567635&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Diez-Canseco et d

Original Paper

Integration of a Technology-Based Mental Health Screening
Program Into Routine Practices of Primary Health Care Services
in Peru (The Allillanchu Project): Development and Implementation

Francisco Diez-Canseco', MPH; Mauricio Toyama', BA; Alessandralpince’, MA; SilvanaPerez-Leon', BA; Victoria
Cavero’, BA; Ricardo Araya’, MD, PhD; J Jaime Miranda™?, MD, PhD

1CRONICAS Center of Excellence in Chronic Diseases, Universidad Peruana Cayetano Heredia, Lima, Peru
2Institute of Psychiatry, Psychology & Neuroscience, King's College London, London, United Kingdom
3school of Medicine, Universidad Peruana Cayetano Heredia, Lima, Peru

Corresponding Author:

Francisco Diez-Canseco, MPH

CRONICAS Center of Excellence in Chronic Diseases
Universidad Peruana Cayetano Heredia

Av. Armendariz 497

Miraflores

Lima

Peru

Phone: 51 12416978

Email: fdiezcanseco@gmail.com

Abstract

Background: Despite their high prevalence and significant burden, mental disorders such as depression remain largely
underdiagnosed and undertreated.

Objective:  The aim of the Allillanchu Project was to design, develop, and test an intervention to promote early detection,
opportune referral, and accessto treatment of patients with mental disorders attending public primary health care (PHC) services
in Lima, Peru.

Methods: The project had a multiphase design: formative study, devel opment of intervention components, and implementation.
The intervention combined three strategies: training of PHC providers (PHCPs), task shifting the detection and referral of mental
disorders, and a mobile health (mHealth) component comprising a screening app followed by motivational and reminder short
message service (SMS) to identify at-risk patients. The intervention was implemented by 22 PHCPs from five health centers,
working in antenatal care, tuberculosis, chronic diseases, and HIV or AIDS services.

Results:  Over a period of 9 weeks, from September 2015 to November 2015, 733 patients were screened by the 22 PHCPs
during routine consultations, and 762 screening were completed in total. The chronic diseases (49.9%, 380/762) and antenatal
care services (36.7%, 380/762) had the higher number of screenings. Time constraints and workload were the main barriers to
implementing the screening, whereas the use of technology, training, and supervision of the PHCPs by the research team were
identified as facilitators. Of the 733 patients, 21.7% (159/733) screened positively and were advised to seek specialized care. Out
of the 159 patients with a positive screening result, 127 had afollow-up interview, 72.4% (92/127) reported seeking specialized
care, and 55.1% (70/127) stated seeing aspecialist. Both patients and PHCPs recognized the utility of the screening and identified
some key challengesto its wider implementation.

Conclusions: The use of a screening app supported by training and supervision is feasible and uncovers a high prevalence of
unidentified psychological symptomsin primary care. To increaseits sustainability and utility, this procedure can be incorporated
into the routine practices of existing health care services, following tailoring to the resources and features of each service. The
early detection of psychological symptoms by a PHCP within aregular consultation, followed by adequate advice and support,
can lead to a significant percentage of patients accessing specialized care and reducing the treatment gap of mental disorders.

(J Med Internet Res 2018;20(3):€100) doi:10.2196/jmir.9208
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Introduction

Methods

The Comorbidity of Mental Disordersand Physical
Conditions

Worldwide, mental health disorders are highly prevalent and
disabling conditions[1]. In Peru, mental disorders affect 1in5
people and are the leading cause of disease burden[2,3]. Certain
population subgroups experience a higher burden of mental
disorders, such as primary health care (PHC) services users.
For instance, in Peru, the prevalence of depression isashigh as
50% among patients with tuberculosis [2], 40% during
pregnancy [3-5], 68% among female patients living with HIV
or AIDS[6], and up to 57.8% for patients with diabetes [7-9].
In addition to this high comorbidity, for people living with a
physical disease, depression has been associated with reduced
treatment adherence, poorer prognosis, greater disability, and
higher mortality [10-12]. Among pregnant women, depression
is associated with underutilization of antenatal care services,
premature birth, lower birth weight, and constitutes the main
risk factor for postpartum depression [13-16]. Despite the high
prevalence and negative impact on patients' lives, depression
and other mental disorders go largely underdiagnosed and
undertreated [2,6]. Indeed, up to 85% of people reporting aneed
for mental health care declared not receiving any care [17,18].

Strategiesto Address the Comor bidity

Addressing comorbid physical and mental conditions,
particularly within primary care, provides an opportunity to
reduce the existing mental health treatment gap [19].
Accordingly, the World Health Organization proposes the
integration of mental health services with general health care
as a key solution to this gap, even in low- and middle-income
countries (LMICs) [20]. Furthermore, thereis growing evidence
of the effectiveness of task shifting in the management of some
chronic conditions, including mental disorders[21].

Mobile communications have also shown increasing potential
for the improvement of health care [22]. Some mobile health
(mHealth) strategies have proven to be useful in improving the
efficiency of heath care delivery, including interventions
provided via technological platforms for the management of
physical conditions [23-25], mental disorders [26-28], and as
clinical decision support tools [29-32]. Moreover, strategies
using short message service (SMS) as periodic reminders and
informative messages have had a positive impact on medication
adherence, appointment attendance, symptom monitoring,
satisfaction with health services, and promotion of healthy
behavior [27,33,34].

Packaging and deploying pragmatic strategies to introduce
mental health screening and treatment within existing PHC
platforms are needed in Peru and similar LMIC settings [35].
In this paper, we describe the design, development, and
implementation of the Allillanchu Project and discuss the
feasibility and challengesto itsimplementation at alarger scale.

http://www.jmir.org/2018/3/e100/

Study Description

The Allillanchu Project aimed to design, develop, and test an
intervention to promote early detection, opportunereferral, and
access to treatment of patients with common mental disorders
attending public PHC services in Lima, Peru. Allillanchu,
meaning How are you? How are you feeling? in Quechua, a
Peruvian indigenous language, was chosen to emphasize the
need to integrate mental health care into PHC providers
(PHCPS) routine practices. The intervention combines three
key strategies. (1) training of PHCPs in the use of a screening
tool to detect and manage depression, anxiety, psychosis,
convulsive disorder, and acoholism; (2) task shifting of
detection and referral of mental disordersto PHCPs; and (3) an
mHealth component that comprises a screening app plus
motivational and reminder SM S text messages to patients.
Study Design

The project comprised three phases: phase 1, preintervention
activities; phase 2, design of intervention components; and phase
3, implementation (see Procedures). In each of these phases,
we collected quantitative and qualitative information. This
project followed a mixed-methods approach, through a
multiphase design [36]. This methodology is commonly used
with feasibility studies. This design included both sequential
and concurrent data collection. During phases 1 and 2, datawere
collected sequentially; and in phase 3, qualitative and
guantitative data were concurrently collected (see Figure 1).

Setting

In Peru, there are two main public health systems: the Ministry
of Hedth and the social security system (EsSalud). The
intervention was deployed in five different public PHC centers:
three from the Ministry of Health and two from EsSalud. All
of them served low-income populations living in the northern
districts of Lima, Peru’s capital. The study involved PHCPs
and patients from these five health centersthat included at |east
one of the following health services (see Table 1): antenatal
control (3 services), tuberculosis (4 services), chronic diseases
(2 services), and HIV or AIDS (1 service). Each health service
had between one and four PHCPs, each attending 15 to 20
patients per day, in 6-hour working shifts.

All participating health centers had at |east one psychologist as
staff; the only specialized mental health professionalsavailable
at the primary carelevel. Psychiatry speciaistswork in general
and psychiatric hospitals, and patients had to be referred from
PHC to be able to access these professionals.

Furthermore, the health centers from the social security system
have a service of complementary medicine (ie, Tai chi) for
referred patients to improve their physical health condition or
their emotional well-being.
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Figure 1. Collection of datain the study phases. SM'S: short message service; PHCP: primary health care provider.
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Services Ministry of Health Social Security System (EsSalud) Total
Health center 1 Health center 2 Health center 3 Hesalth center 4 Health center 5
Tuberculosis 0 1 1 1 1 4
Antenatal care 1 1 0 1 0 3
Chronic diseases 0 0 0 1 1 2
HIV or AIDS 0 0 1 0 0 1
Total 1 2 2 3 2 10

Participants

Primary Health Care Providers

A total of 22 PHCPs (12 midwives, 8 nurses, and 2 nurse
assistants) out of 29 working in these facilities (76%) agreed to
include the screening and the referral of positive cases as part
of their routines during the 9-week study period.

Patients

Adult patients, aged =18 years and attending participating
services, were invited into the study and had to consent to
participate in the study. Participants who screened positive were
recommended by the PHCPsto seek mental health care, received
a set of tailored SMS text messages to motivate them to seek
such care, and were contacted by the research team for a
follow-up assessment (see Phase 3: Implementation).

Procedures

The Allillanchu Project involved three different phases (see
Figure 2):

1. Preintervention activities: explored the implementation
setting to develop a suitable and context-specific
intervention

2. Design of intervention components: developed the key
components needed to deliver the intervention, including
the training and supervision of PHCPs

http://www.jmir.org/2018/3/e100/
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3. Implementation: tested the integration of the mental health
screening and referral in primary care combining the
mHealth strategies, task shifting, and training of PHCPs.

Phase 1: Preintervention Activities

Engagement of Policy Makers, Health Centers’
Managers, and Primary Health Care Providers

This stage consisted of a year-long period of meetings with
policy makers and the personnel at the health centers, including
the centers’ directors (n=5), heads of the services (n=10), and
PHCPs (n=29). These meetings aimed to present the study,
assessitsfeasihility, and secure the buy-in of managersto obtain
the necessary approvalsto implement the study in their facilities.

Qualitative Formative Study

From September 2014 to December 2014, we conducted a
qualitative study to identify implementation barriers and
facilitators. The research team interviewed patients and
personnel of health centers where the intervention will later be
implemented, including 22 PHCPs, four clinical psychologists
and 37 patients. The interviews were conducted using
semistructured guides, and the duration was approximately of
45 min. All interviewswere recorded, transcribed verbatim, and
analyzed by the research team using Atlas.Ti, version 7
(Scientific Software Development GmbH).
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Figure 2. Allillanchu project’s phases. SM S: short message service; PHCP: primary health care provider.
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The main results of this qualitative formative study were as
follows: (1) screening for mental disorders was not a quotidian
practice in the services, (2) PHCPs were willing to introduce
the screening in their routines but anticipated time constraints,
(3) though it was unusual for them to do so, many patientswere
willing to seek mental health careif they were advised to do so,
(4) mental health specialists were scarce in participating health
centers, and (5) interviewed clinical psychologists recognized
thevalue of introducing amental disorders’ screening in primary
care but were concerned about PHCP's ability and willingness
to do so. Findings of the qualitative study will be reported in
detail elsewhere.

Phase 2: Design of Intervention Components

We proposed the inclusion of atechnol ogy-based screening tool
into the routines of trained PHCPs, complemented by a set of
automated SM S text messages to encourage pati entswho screen
positiveto seek specialized care and to advise on whereto seek
help.

Development of Technology Components

The technology consisted of three integrated components: a
screening app, a Web-based data collection platform, and an
automated SM S text message delivery app.

The screening app, installed on a tablet, used the Self Report
Questionnaire (SRQ). The guiding principle wasto develop an
app to (1) Produce immediate results on symptomatology that
may require professional help, (2) Offer guidelines to PHCPs
to advise the patient on how and where to seek help, and (3)
Ask PHCPs to report on actions taken with positive cases (ie,
recommendation to attend to a psychology service). The SRQ
[37], a screening tool developed by the World Health
Organization, is recommended in the current mental health

http://www.jmir.org/2018/3/e100/

reform in Peru as the tool to be used in PHC. The SRQ version
used by the Peruvian Ministry of Health consists of 28 yes or
no questions, 18 of which screen for depression and anxiety,
four for psychosis, one for convulsive disorder, and five
questions for alcoholism (see Multimedia Appendix 1). The
Peruvian social security system was planning to implement a
shorter version of the SRQ in their services at the time;
therefore, these centers used ashort version, which includesthe
first 18 items assessing depression and anxiety. Theteam further
added two questionsto assess suiciderisk. These questionswere
asked only when patients answered positively to question 18 of
the SRQ, which establishes the presence of suicidal ideation.
Each PHCP had apersonal log-in that displayed the SRQ version
for their health system, Ministry of Health, or EsSalud.

We collected user feedback on the screening app through asmall
pilot with five PHCPs from different health services (n=4) and
centers (n=3) for 2 weeks. The pilot found that PHCPs had no
difficulties using the screening app; they found it easy to use
and were abletoincludeit in their daily routines. In the 2-week
pilot, PHCPs screened atotal of 47 patients.

The Web-based data collection platform stored all the
information collected by PHCPs using the screening app,
allowing the research team to monitor progressin real time (see
Intervention Assessment). As patients were screened, the app
uploaded the results to the Web-based data collection platform
in real time using a mobile data connection. Furthermore, the
information provided by the patient during the recruitment
processwas al so upl oaded to the Web platform (name, cellphone
number, and time of day to receive the SM S text message) and
consolidated under a patient 1D. Thus, based on the screening
results, the Web platform was able to match apositive screening
under the specified ID with the patient's personal data to
automatically send an SM S text message (see Figure 3).
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Figure 3. Integration of technology components. SMS: short message service.
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Design and Validation of the Set of Short Message
Service

The research team developed a set of five SMS text messages
to further motivate patients to seek mental health care. Patients
who screened positive and were referred to specialized care
received three SM S text messages per week, during 2 weeks.
Of the five SM Stext messages, sent every other day, oneaimed
to remind patients where and when to find mental health care
(reminder SMStext message), whereas the other four sought to
motivate patients to seek help (motivational SMStext message)
addressing either barriers or facilitators for accessing mental
health care. The pattern of SMS text message delivery over the
2 weekswasthe same: day 1: reminder SM Stext message, day
2: motivational SMS text message, and day 3: motivational
SM Stext message. Asthereminder SM Stext message was sent
twice, each patient received a total of six SMS text messages
over the 2-week period.

All SMS text messages were designed and validated through
two pilot studies, conducted from December 2014 to January
2015, with 63 patients with similar characteristics to those
involved in the implementation phase. The first pilot study
aimed to explore (1) Patients’ use of mobile phones and SMS
text messagesand (2) Barriersand facilitatorsfor seeking mental
health care. On the basis of these results, we devel oped seven
SM S text messages that were validated and ranked by patients
in asecond study [38]. Thisresulted in the selection of the set
of five SMS text messages for the implementation phase that
(1) Were simple and direct, (2) Avoided mentioning health
conditions (eg, depression), (3) Were tailored with the patient’s
name and health centers’ name as signature, and (4) Addressed
the barriers (ie, lack of time and money) and highlighted the
positive effects of looking for specialized mental health care
(ie, feeling better, having someone to talk to, and receive
guidance), as reported by the interviewed patients.

Training of Primary Health Care Providers

To participatein theimplementation, the 22 PHCPsweretrained
in the use of the screening app. This training consisted of two
sessions of 8.5 hours each, which were developed and offered
by the project team, which included psychologists, one

http://www.jmir.org/2018/3/e100/
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sociologist, and a consultant with a background in
psychotherapy. This activity sought to offer knowledge, skills,
and motivation to PHCPs to enable the routine screening and
referral of patients to available mental health services as
indicated by the app. The mental health content was based on
the mhGAP training modules [39]. It included presentations,
role-playing, and practical exercises.

Phase 3: Implementation

Recruitment of Patients

From September 2015 to November of 2015, a team of 10
recruiters enrolled patients (see Description of Sudy
Participants). The recruitment took place in the waiting rooms
before the patients’ appointments and involved them providing
informed consent to be part of the study and providing personal
data to be uploaded to the Web-based data collection system.
The informed consent explained that in the case of a positive
screening during one of their regular consultations, they would
receive SM Stext messages and have afollow-up interview with
the research team.

Screening I mplementation and Short Message Service
Delivery

The 22 trained PHCPs were invited to use the screening app in
their regular consultationsduring 9 weeks, from 2015 September
to November of 2015, and to refer patientswith apositiveresult
to menta hedth care—either psychology service,
complementary medicine, or general medicine—according to
each center’'s protocol. The tablets were provided by the
Allillanchu Project and included a mobile data plan to upload
the information to the Web-based data collection platform in
real time (see Figure 4).

Primary Health Care Provider’s Supervision and Support

Over the 9 weeks, the research team provided telephone and
face-to-face support and supervision to the PHCPs to ensure
the correct implementation of the screening. The Web-based
data collection platform was monitored on a daily basis to
identify PHCPs who were not using the app asintended and to
contact them to assess and solve the situation.
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Figure 4. Intervention procedures. SRQ: Self-Report Questionnaire; PHCP: primary health care provider.
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All of the PHCPs had supervision meetings with the research
team at least twice a week. In these meetings, support was
offered by solving any issues or doubts regarding the use of the
tablet or the app and by accompanying the PHCPsin managing
potentially difficult situations. Problemswith the administration
of the SRQ were al so assessed and solved. PHCPs could initiate
contact with the research team through a “help” function
installed in the app or a phone call.

Intervention Assessment

To assessif and how the intervention promoted early detection,
opportune referral, and access to treatment of patients with
mental disorders, we used the following methods and sources
of information:

1. Information collected automatically by the Web-based data
collection platform. The platform collected and provided
information on the screening progress by health center,
service, PHCR, patient, and over time, including the number
of screenings (completed and incomplete), number of
positive cases by type of disorder and of suicide risk, and
actions taken by the health provider with each patient (eg,
referral to the psychologist). It also included demographic
data of all the screened patients.

2. Follow-up interviews with patients (Multimedia Appendix
2) . We conducted face-to-face structured postintervention
interviews with patients. The interview explored if the
patient had sought and received mental health care after
being referred by the PHCP, their motivation to seek—or
not—specialized care and how the SMS text message
encouraged them—or not—to do so, as well as perceived
barriers and their opinion on received care. The research
team interviewed patients 3 weeks after they screened
positive.

3. Midterm and postintervention interviews with PHCPs
(Multimedia Appendix 3) . Face-to-face semistructured
interviews were conducted halfway through and at the end
of the intervention. The midterm evaluation assessed
PHCPs' personal experiences with the screening (eg, use
of technology and delivering resultsto patients) and aimed
to identify and solve problems. The postintervention
evaluation explored the experiences and opinions of
participating PHCPs, to identify barriers and receive
suggestions for improvement, and to assess the perceived

http://www.jmir.org/2018/3/e100/
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feasibility and willingness to continue implementing the
screening.

Data Analysis

The screening and referral of patients data, stored in the
Web-based data collection platform, was exported and anayzed
using Statistical Package for the Social Sciences (SPSS)
statistics for Windows, version 23.0 (IBM Corp) through
descriptive analyses, by reporting frequencies and percentages.

Information from patients and PHCP's interviews was
registered and analyzed in a similar way. All interviews were
audiorecorded, transcribed, and summarized in a matrix. The
qualitative information was organized by participant (rows) and
by themes of each interview guide (columns) [40] (Multimedia
Appendix 4). Each theme included a summary-cell of
interviewee experiences or opinions, aswell as quotations. Data
were organized and coded by three members of the research
team after an initial period of standardization of criteria and
practice. The answersto closed-ended questions (eg, “Did you
seek care from a general practitioner or psychologist as
recommended?’) were analyzed, reporting frequencies and
percentages.

Ethics

The study protocol, informed consent forms, and instruments
were approved by the institutional review board of the
Universidad Peruana Cayetano Heredia. The study was also
approved by the directors of the five participating PHC centers.
Participant PHCPs signed a consent form that described the
project goals and procedures, aswell astheir commitment, the
benefits and incentives of participation (which comprised a
training-assistance certificate), and funding support toward a
one credit brief course of their choice, for up to US $30, at the
end of the study.

Patients provided ora informed consent on the following
components, which would be implemented only in the case of
positive screening results during one of their regular
consultations: (1) receive six SM S text messages over 2 weeks,
(2) haveafollow-up interview, and (3) consent for theinterview
to berecorded. Ethical approval was also obtained for collection
of personal data (name and cellphone number) during the design
and validation of the set of SM S text messages.
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Results

Description of Study Participants

A total of 22 PHCPs (12 midwives, 8 nurses, and 2 nurse
assistants), al female, participated in the study. During
recruitment, 2580 patients (22.4% men) attending the selected
facilities were invited to participate in the study, and 1772
(68.7%) accepted (see Table 2). The average age of enrolled
participants was 42.8 years (SD 20.3).

Implementation of the Screening

The PHCPs performed 762 screenings with 733 patients, as 29
of these were screened for a second time in a following
consultation. During theintervention period, the average number
of screenings per week was 85 (SD 38). However, the number
of screenings per week varied and tended to progressively
decrease, having its highest and lowest points during the second
(159 screenings) and last week of the intervention (52
screenings), respectively.

Chronic disease services had the highest number of screenings,
accounting for almost half of the 762 screenings (49.9%,
380/762), followed by the antenatal care services (36.7%,
280/762), the tuberculosis services (12.1%, 92/762) and the
HIV or AIDS services (1.3%, 10/762), respectively.

Positive Cases Detection and Referrals

Out of the 733 patients screened, 159 of them (21.7%) had a
positive result by the SRQ. Of those 159, 150 (94.3%) screened
positive for one disorder and 9 (5.7%) for two disorders.

Distributed by health service, the highest prevalence was found
inthe HIV or AIDS service according to the SRQ, where 7 out
of 10 screened patients were positive (70%), followed by the
chronic diseases services (90/364, 24.7%), antenatal care
services (49/274, 17.9%), and tuberculosis services (13/85,
15.3%).

Table 2. Characteristics of enrolled patients.

Diez-Canseco €t d

The most prevalent mental disorderswere depression or anxiety,
grouped asasingle condition in the SRQ, with 125/733 patients
screening positive for at least one of these conditions (17.1%).
At the Ministry of Health centers, who implemented the 28-item
version of the SRQ, 41/194 screened patients (21.1%) answered
positively to at |east one of the four items for psychosis, and 2
(1%) were positive for alcoholism. No cases of convulsion were
detected. Additionally, 22 of all 733 screened patients (3%)
reported a current suicidal ideation.

According to the PHCPs' reports, the vast majority of the 159
cases detected were referred to mental health care. These
referrals consisted in advising their patientsto seek specialized
care at their health center. Of these 159 patients, 107 (67.3%)
were referred to the psychology service; 27 (17%) of the cases
were accompanied by the PHCP to a health services
(psychology, general medicine) to facilitate access; 4 (2.5%) of
the suggestions involved seeking care at a different service
(complementary medicine, general medicine); 11 (6.9%) were
patients already receiving specialized care and were advised to
continue their treatment; 6 (3.8%) reported other actions, that
is, providing a piece of paper with the health service of referral
written and the signature of the PHCP; and 4 (2.5%) omitted
reporting the actions taken.

Help-Seeking and Accessto Mental Health Care

Out of the 159 patients with a positive screening result, 143
previously gave their consent to participate in the follow-up
interview, and 127/143 patients (88.8%) wereinterviewed. The
average age of interviewed participants was 49 years (SD 19),
101/127 (79.5%) were women, and 92/127 (72.4%) reported
having sought specialized care after receiving the advice of the
PHCP. In addition, 70/127 (55.1%) accessed care, having had
at least one consultation in a specialized service after the
screening (see Figure 5).

Characteristics n (%)
Sex
Male 346 (19.5)
Female 1426 (80.5)
Health system
Ministry of Health 609 (34.4)
Social security system (EsSalud) 1163 (65.6)
Health service
Antenatal care service 931 (52.5)
Chronic diseases service 709 (40)
Tuberculosis service 121 (6.8)
HIV or AIDS service 11 (0.6)
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Figure 5. Breakdown of patients interviewed.
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127 patients interviewed

[

|
92 (72.4%) sought
specialized care after
screening

70 (55.1%) accessed 22 (17.3%) did not access
specialized care specialized care
Where: _ Reasons:
®  Psychology service: e Could not get an
65 (92.9%) appointment: 10
e Others (General (45.5%)
medicine, e  Missed their
complementary appointment: 6
medicine): 5 (7.1%) (27.3%)

e  Had the appointment
scheduled at the time
of the interview: 2
(9.1%)

o Other: 4 (18.2%)

All patients who screened positive received atotal of six SMS
text messages over 2 weeks. However, only 35/127 interviewees
(28%) were €ligible to answer questions about the perceived
effects of the SMS text message, as many participants had
already sought specialized care before receiving the first SMS
text message, therefore defeating their motivational purpose.
Others did not seek specialized care, did not consent to receive
the SM S text message, or reported having problems with their
cellphone. Of the 35 patients who were suitable to discuss the
perceived effects of receiving the SMS text messages, 30/35
(85.7%) considered the set of SM Stext messagesto be effective
in promoting motivation to seek care.

During the interviews, the patients tended to focus on the
difficulties and symptoms they were facing, but also offered
points of view that further support the implementation of the
screening and showcase the benefits of accessing amental health
specidist, asillustrated in the following quotes:

I think it isvery good that midwives ask their patients
how they feel [...] for example, when | came | was
going through a deep depression and | wasn't
accepting my pregnancy. After the midwife asked me
some questions, she sent meto the psychol ogist of the
health center and he instantly saw me. We had a
conversation of at least an hour and a half, he helped
me a lot. Thanks to them, my depression has
decreased, now | feel better, calmer. [Patient of
antenatal care, female, 29 years]

The psychologist treated me really well, he made me
notice some things and told me it was necessary that
my wife come to see himas well, because most of the
problems | had were due to our conflictive
relationship. Now | feel much better, | am trying to

http://www.jmir.org/2018/3/e100/

31 (24.4%) did not seek 4 (3.2%) were already
specialized care after receiving specialized care
screening

Reasons:
e Lack of time: 16
(51.6%)

¢  Did not know where
to seek care: 3
(9.7%)

e Forgot the
recommendation
made by the PHCP: 3
(9.7%)

e Other: 9 (29%)

do my best, | am trying to stop having negative
thoughts, of eliminating me [...] | want to have
another appointment with the psychologist, because
with the help of a professional | can receive guidance
to think in a different way. [Patient of the chronic
diseases service, male, 64 years)

Primary Health Care Provider’s Assessment of the
Project

Of the 22 PHCPs, 21 were interviewed for the midterm
evaluation and 22 for the final evaluation.

Training

As part of the training, a pre- and posttest evaluation was
conducted with a maximum possible score of 20 on each test.
The average score at pretest was 12.1 (SD 2.3) and 16.5 (SD

1.35) at posttest, showing an increase of 4.4 points toward the
end of training.

In addition, the participating PHCPs assessed the training at the
end of the sessions and after the 9-week intervention. They
believed the training made them more aware of the importance
of caring for people’s mental health, provided them with
knowledge and skillsin mental health—an understudied topic
in their professional education—taught them how to use a
screening tool to assesstheir patients’ mental health, and offered
them necessary skills to help their patients. However, almost
half of the PHCPs suggested more time to be allocated to
discussing the questions of the SRQ, the screening tool.

Screening

When asking to assess their ability to implement the task as
intended, the answers showed a great variability among the
PHCPs of the different health services involved. Specifically,
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most of the midwives from the antenatal care services reported
not being ableto implement the screening as part of their routine
because of the high workload and the great amount of paperwork
for their current tasks, asillustrated in the following quote:

Some days | was screening and | was really excited
to do it, but when | was with the third pregnant
woman screened, | looked at my watch and it was
already 10:30 am, and by noon | had to see 12
women. That meant that | had to stop using the tablet
and rush to finish on time with all 12 consultations
from my shift. [Midwife, antenatal care service]

Nurses from the chronic disease service reported being unable
to do the screening when conducting the weekly educational
workshop on disease management with their patients.
Conversely, the tuberculosis service's nurses were able to
schedule the screening with their patients. One nurse assistant
stated the following:

We had a list of patients and they had already agreed
to answer the screening so we would schedule to do
the screening on a specific day when they come to
take their medication for tuberculosis. [Nurse
assistant, tuberculosis service]

In addition, astheintervention wastested during PHCP sroutine
activities, they were unable to implement the screening in all
of their shifts because of other responsibilities, rotation to other
services, holidays, and community activities. Furthermore, the
way the screening task was organized was highly variable
between and within the health services. Indeed, therewasahigh
variability regarding the moment in which the screening was
performed throughout the consultation, even among PHCPs
within the same service. Although some reported doing it at the
beginning, others included it a the end of the consultation.
Degpite this variability, most of them agreed that they would
most likely do the screening if their workload was lower or if
they had a colleague to relieve the workload during the
consultation.

The main challenge was related to specific questions of the
screening test. The questions about psychosis were difficult for
the PHCPs to score because some patients did not understand
the questions about delusional beliefs (see Multimedia A ppendix
1, items 19 and 20). The questions about physical symptoms
were challenging because of the difficulty of discerning if the
symptoms were caused by their physical condition or an
underlying mental problem. However, the PHCPs were able to
overcome these challenges by using strategies learned in the
training sessions, such as explaining the questions to their
patients, paraphrasing, and adding a follow-up question for
clarity.

Regarding technology, despite PHCPs having different
knowledge of tablet-use, no difficulty of use was reported.
Additionally, they noted that, compared with a printed version,
the app facilitates the task, as they are overburdened with
paperwork and believe a new paper-form would add to their
current burden.

Overall, when asked about the screening task, the PHCPs gave
very positive feedback. Most considered that they were able to
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provide a more comprehensive care by addressing problems
that they may have aready identified but did not know how to
handle. In addition to this, they mentioned being able to bond
with their patients through listening and learning more about
them. Some PHCPs also reported being more aware of the
importance of their patients’ mental health because of its effect
on their physical health and personal lives. Furthermore, some
of the PHCPs declared that even after ending the intervention,
they continued to ask their patients about their emotional
well-being. One nurse stated the following:

Wk have been able to improve our consultations and
to make patients feel that we want to do more, that is
not only a check-up, give them pills and that is all.
We have let them know that we care and we can give
them more, and it is our intention to do so, even
though sometimeswe have limitations. [Nurse, chronic
disease service]

Delivery of Results and Referral

Messages conveyed as part of the delivery of the screening
results varied widely among PHCPs; nonethel ess most of them
revolved around the importance of seeking specialized care.

Of the 22 PHCPs, 17 (81%) reported no difficulties with the
delivery of screening results. However, some reported
difficultiesregarding their ability to address mental health issues.
Some of the PHCPs found the suicide risk cases particularly
challenging and felt unsure about how to handle them. Other
less frequent challenges were feeling emotionally affected by
the patients’ stories and not feeling prepared to offer support,
asillustrated in the following quote:

For me it was a little difficult to manage the patient
that had suicide risk. It was a surprise to know that
a patient had that problem, because apparently, she
was a strong woman [...]. The patient had this
problem during all the pregnancy, and | did not
realize it until the screening and that made me feel
bad. Maybe more patients come with the same
condition and one does not realize it. [Midwife,
antenatal care service]

The PHCPs stated no difficultieswith the referral process, with
most of the patients being opento seeking specialized care. The
PHCPs reported being able to report the actions taken after a
positive screening through the app. Furthermore, some PHCPs
reported referring patients who, despite having negative
screening result, showed symptoms that they deemed relevant.

Thereferral procedure was different across services. The most
common ways were personaly escorting the patient to the
psychology service, arranging an appointment for the patient,
and giving the patient a referral paper for them to seek an
appointment with the psychologist. In the services with less
patients, such asthetuberculosisand HIV or AIDS, it wasmore
common for the PHCPs to escort their patients to the
psychologist’s office, whereas it was more common to offer
written referral papers in antenatal care and chronic disease
services, where only severe cases such as suicide risk were
escorted as required by the study protocol.
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Though PHCPswere also ableto refer their patientsto agenera
practitioner, most of them preferred not to do so, with only five
PHCPs reporting having referred a patient to a genera
practitioner. Thiswas because of the perception that the general
practitioner was more suited to treat physical conditions,
whereas the psychol ogist was more appropriate to treat mental
health.

Feasibility of Integrating a Mental Health Screening

The majority of PHCPs reported willingness to continue
implementing the screening in their services. However, they
also noted that time constraints would be a key barrier to do so
on aregular basis. Moreover, screening activities could not be
reported in the medical records, which meant that these would
not count toward their productivity assessments. Most of the
PHCPs agreed that they would most likely do the screening
when less burdened by workload or if they had a colleague to
offer support during their working hours. One nurse stated the
following:

We are pressured to complete four consultations per
hour, and you may think that is not much, but
attending four patients take a lot of your time. If the
screening is implemented permanently, | think we
would have to reduce the number of consultations per
hour to three, that way we would have more time.
Another solution would be that of our six-hour shift,
we only have patients scheduled for five hours, and
the spare hour could be used to extend the
consultation time for the patients, if needed. There
are a lot of possible solutions; it is only a matter of
disposition to find them. [Nurse, chronic diseases
service]

Another barrier is the perception by PHCPs that there are not
enough psychologists to attend all patients requiring help and
that services hours are limited—those who are available may
not be present in their services all day because they conduct
activities other than consultations and some services only
operate in the mornings, thus limiting availability.

To tackle these barriers, PHCPs proposed 3 main suggestions
to improve the feasibility and sustainability of the screening:
(1) 8 PHCPs (36.4%, 8/22) suggested including the screening
as formal procedure in their services with allocated time, thus
improving the conditions to accommodate this new task without
being overburdened, that is, raise the time limit for each
consultation and lower the daily patient workload; (2) 8 PHCPs
suggested changes or improvements to the screening test to
simplify the questions and make them more comprehensible to
the patients; and (3) 3 PHCPs (14.3%, 3/22) advised securing
enough specialiststo look after the referred patients.

Discussion

Principal Findings

The Allillanchu Project aimed to develop and test a
multicomponent intervention to improve early detection,
opportune referral, and access to treatment of patients with
mental disorders attending public PHC servicesin low-income
areasin Lima, Peru. With more than 750 screenings compl eted
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in real-world circumstances over a 9-week period, the
Allillanchu Project showcases the feasibility to integrate the
mental health screening into primary care services as aroutine
procedure. The use of brief screening tools is considered an
important first step to integrate mental health careinto existing
PHC services [41] and is aligned with the proposal of task
shifting some mental health care activities, which has been
successfully tested in other LMIC settings [42].

With basic training, supervision, and an easy-to-use screening
app, PHCPs could be both willing and able, during their regul ar
consultations, to identify symptoms of mental disordersamong
their patients and refer them to specialized care. The training
was key to sensitize PHCPs about their patients’ mental health
and strengthen their abilities to perform the screening, which
is reflected in the improvement of scores at pre- and posttest.
Likewise, the supervision was important to provide support
when needed, solving doubts with the screening, and the use of
technology. Interestingly, the screening was not only effective
in many services but also well received by patients, who
accepted to be screened and, furthermore, the large majority
sought mental health care following the recommendation
implemented as part of the project. The results of the screening
and health seeking are aligned with the available evidence,
which affirmsthat short-term training with ongoing monitoring
and supervision of nonspecialist health workers can improve
“confidence, detection, trestment, aswell astreatment adherence
of individuals with mental disorders’ [42].A relevant
component of the intervention was the screening app, which
proved to be a successful tool to optimize the detection and
referral processes, aswell asto monitor itsimplementation. The
benefits of technology to simplify and shorten procedureswithin
the health system have been extensively reported [26-32].

However, it is also true that the inclusion of the screening into
the PHCP's routines had both qualitative and quantitative
differences. Qualitatively, each service organized the
implementation of the screening in different ways, which can
be considered a positive sign of adaptation and flexibility to
achieve the task [43,44]. Quantitatively, some health services
screened many more patients than others. One reason for this
is that some services, for example, tuberculosis and HIV or
AIDS, have fewer patients than other services. The most
significant factor to explain the differing performance among
PHCPswasthelimited allocated time per consultation combined
with the overwhelming patient workload and paperwork
burdening only some services, such as antenatal care, leading
to saturation, which has been seen in PHC settingsin devel oped
countries[45]. These were the two main implementation barriers
to regular screening and were especially critical inthe antenatal
care services. Typically, each service has an established time
to complete a set of standard procedures and register them in
theclinical records. Therefore, implementing anew task would
involve doing more work within the same time period. This
observation of a decline in the number of screening in those
weeks may be related to the fact that introducing screeningsis
an activity that competes with many other tasks. Although the
general trend suggests that the screening was indeed adopted
as part of their routine practices, it also shows that such tasks
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were not constant over time, thus calling for ongoing monitoring
of these effortsin the future.

The accuracy of the screening was challenged by the ambiguity
of some items of the psychosis subsection of the SRQ, the
28-item version recommended by the Ministry of Health.
Degspite its evidenced ease of use, patients found some of the
items difficult to understand and thus, complicated PHCP's
scoring when administering thetest. Thisdifficulty to understand
the questions probably explains the unexpected number of
patients testing positive for psychotic symptoms, by answering
yesto any of the four psychosis questions (eg, Do you feel you
can do things that others cannot do, or that you are a
particularly important person?), which indicates a positive case.
This highlights the importance of improving the cultura
validation of screening tools [41], as well asthe importance of
continuous training to improve the abilities of PHCPs to
formulate the questions and to assess whether the answer
provided by the patients matches the symptom described in the
question.

In this project, the implementation of the screening revealed
that animportant proportion of patientsregularly attending PHC
services to treat a physical condition concomitantly have
psychological symptomsthat are probably ignored during their
consultations. This prevalence, combined with a regular
attendance of patients and acloser patient-provider relationship,
confirmsthat performing the screening in PHC isan opportunity
for an early detection and opportune referral of patientsin need
of care [41] An example of the potential benefits of a good
screening in primary care is provided by a review of 40
international studies that show that, on average, 3 of 4 suicide
victimshad contact with aPHCP within the year of suicide, and
45% had it the month before [46].

Existing guidelines recommend screening the general adult
population for depression [47,48]. One main goal of our study,
besides the introduction of a screening into PHCP's routines,
wasto increase access to mental health treatment. Remarkably,
the referral process had better results than expected. Out of 10
patients, 7 actively sought specialized care, and 5 obtained a
consultation with a mental health specialist, thus showing
promising results for this type of intervention. Our results
contrast sharply with existing practices in Lima, where only
32.8% of those who need mental health treatment report
accessing it [49], and with studies in African and European
hospitals, where only between 2% and 20% of userswith mental
disorders actually accessed a specialized consultation [50-52].
Two elements explain this success. First, PHCPs provided
opportune adviceto positive cases and made a substantial effort
to guarantee specialized consultations on the same day of the
screening for some of their patients. Second, SM S text messages
were highly valued by participants who received them before
seeking specialized care, trandating into an inexpensive way
to reaffirm the advice given by the PHCP.

Yet, several health system barriers remain in place: insufficient
information about mental health servicesand costs, limited time
to have an appointment, and scarce availability of mental health
specialists, among others, which align with local studies
findings[53-58], aswell asour own during the formative study.
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Implications for Public Health

One of the most significant strengths of the Allillanchu Project
was its development and testing through a rigorous multiphase
design, set within the current organi zation of the Peruvian health
system, and aligned with the national mental health reform [59].
This is positive in terms of sustainability of the innovation,
allowing usto propose context-specific solutions to real-world
conditions.

Shifting the detection and referral of people suffering mental
disorders to nonspecialized health providers seems to be the
right path to aleviate an overburdened health system with scarce
specialized resources. However, some conditions need to be
improved to make it feasible and sustainable. First, the detection
and referral have to be recognized by the public health system
as part of the PHCP's tasks, allocating and protecting time for
this activity within regular consultations and including it in the
patient’sclinical record. Second, to ensurethe access of referred
patients to appropriate treatment, key barriers need to be
addressed: informing patients about the availability, time, and
cost of services; expanding the hours of consultation; offering
free essential mental health care; transferring evidence-based
treatmentsto nonspecialized PHCPs; and increasing the number
of mental health speciaists. Some of these improvements are
already set as goals of Peru’s menta health reform [35,59].
Third, it is essential to engage policy makers, health providers,
mental health specialists, and usersin the effort of integrating
mental health care as part of theregular care, caring for potential
concerns, and resistance to the innovations by each of these
groups.

It isalsoimportant to adapt the detection and referral processes
to the working dynamics of each service, which vary according
to resources and workload. This adaptation may include, for
example, for each service to define screening frequency or the
prioritization of screening for a subgroup of patients at higher
risk of mental disorders.

Training and supervision are both essential to sustain a
task-shifting strategy. On the basis of the Allillanchu Project
experience, training in mental disorders detection and
management should be regularly provided to PHCPs, and it
should focus on devel oping skills to manage high-risk patients,
to guarantee a more accurate application of the screening toal,
and to plan how to introduce the screening with each PHCPin
hisor her health service. Additionally, as some PHCPsreported
being concerned about the impact their patients’ accounts had
on them, it would be important to include self-care strategies
in the training sessions. Considering the time constraints faced
by PHCPs and the challenges with the SRQ’s psychosis items,
it could be appropriate to consider using a shorter instrument
focused on fewer disorders such as depression and anxiety
because of their higher prevalence among the Peruvian
population [49,54-57]. Additionally, exploring alternatives to
tackle this issue in future studies, such as self-administered
screening test for patients, may contribute to overcome these
hurdles.

Interms of sustainability of the mHealth-based screening within
the public health system, considering its potentia to improve
the hedlth system's efficiency, as well as its potentia to
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centralize patients' information and articulate it with other
technology-based health initiatives, for example, electronic
health records, it would be advisable to begin to use the
mHealth-based screening at alarger scale.

Study’s Strengths and Limitations

A major strength of our study wasits design and implementation
in real-world settings, through accommaodating policy makers
preferences, adapting to PHCPs and health services' structures
and organization, and creating links between patients who
needed specialized care with available care. This strength was
paired with the quasi-experimental study design of the
implementation phase, which, through using a mixed-methods
approach, reveal ed that no other external factorsthat could have
simultaneously influenced the screening, referral, and accessto
treatment of participants at risk of developing mental disorders
werein place.

Yet, some limitations are worth noticing. For example, the
hel p-seeking responses and access to specialized mental health
care, after screening, were self-reported by the patients during
afollow-up interview. Aswe did not have access to the health
system records, self-reported information was the best way to
collect such information. Another limitation was that only a
proportion of participantswith a positive screening were eligible
to report on perceived effects of the SM Stext messageson their
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hel p-seeking behavior, largely because of many of them seeking
and receiving care beforethe SM S text messages reached them.
This unexpected “ positive” result, though less beneficial to the
assessment of the SM'S text message component in terms of
numbers of interviewees, reveals a very promising direction
toward the efficacy of screening and referral within
nonspecialized services.

Conclusions

The use of ascreening app by nonspecialized PHCPs, supported
by basic training and supervision, is a feasible procedure and
confirms a high prevalence of undiagnosed psychological
symptoms among regular users of PHC services. However, for
it to be made a routine, the health system needs to formally
accommodateit asaPHCP stask and removeitsmajor barriers,
particularly time constraints and availability of specialized
mental health personnel. To increase their usefulness and
sustainability, the detection and referral of cases should be
tailored to the workload, resources, and organization of each
service. The early detection of psychological symptomswithin
a regular consultation, followed by adequate advice and
motivation, can lead to an important proportion of patients to
seek and access specialized care, thus optimizing the use of
existing resources and reducing the treatment gap of mental
disorders.
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Abstract

Background: One-third of Americans use social mediawebsites as a source of health careinformation. Twitter, amicroblogging
site that allows users to place 280-character posts—or tweets—on the Web, is emerging as an important social media platform
for health care. However, most guidelines on medical professionalism on social media are based on expert opinion.

Objective: This study sought to examineif provider Twitter profiles with educational tweets were viewed as more professional
than profiles with personal tweets or a mixture of the two, and to determine the impact of provider gender on perceptions of
professionalism in an academic obstetrics and gynecology clinic.

Methods: This study randomized obstetrics and gynecology patients at the University of Michigan Von Voigtlander Clinic to
view one of six medical provider Twitter profiles, which differed in provider gender and the nature of tweets. Each participant
answered 10 questions about their perception of the provider’s professionalism based on the Twitter profile content.

Results: The provider profiles with educational tweets alone received higher mean professionalism scores than profiles with
personal tweets. Specifically, the female and male provider profiles with exclusively educational tweets had the highest and
second highest overall mean professionalism ratings at 4.24 and 3.85, respectively. In addition, the female provider profiles
received higher mean professionalism ratings than male provider profiles with the same content. The female profile with mixed
content received a mean professionalism rating of 3.38 compared to 3.24 for the male mixed-content profile, and the female
profile with only personal content received a mean professionalism rating of 3.68 compared to 2.68 for the exclusively personal
male provider profile.

Conclusions: This study showed that in our obstetrics and gynecology clinic, patients perceived providers with educational
profiles as more professional than those with amixture of educational and personal tweets or only personal tweets. It also showed
that our patient population perceived the female provider with educational tweets to be the most professional. This study will
help inform the devel opment of evidence-based guidelines for social media use in medicine as it adds to the growing body of
literature examining professionalism and social media.

(J Med Internet Res 2018;20(3):€78) doi:10.2196/jmir.8056
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Introduction

Social media is a form of online communication, such as
websites for social networking and microblogging, through
which users can create online communitiesto share information,
ideas, personal messages, and other content [1,2]. In a 2014
study, the Pew Research Center showed that 74% of Americans
onthe Internet use social mediasites[3]. Furthermore, one-third
of Americans use social media for health care discussions,
according to astudy by PricewaterhouseCoopers[4]. Facebook,
aplatform for users to share their stories and connect to other
people, is the most popular site, with 1.04 billion daily users
worldwide[5,6]. Other commonly used toolsinclude YouTube,
which is a social media platform that allows users to discover,
watch, and share videos, and Twitter, a microblogging site that
allows users to place 280-character posts—or tweets—on the
Web [7,8]. YouTube has approximately one billion users
worldwide, while Twitter has 320 million active users[7,8]. A
Health Research Institute consumer survey showed that
Facebook and YouTube are the most commonly used social
media tools for consumers to view health-related information
[4]. However, Twitter is emerging as one of the leading social
mediaplatformsfor health care. It has shown significant growth,
with 460,000 new accounts created on average per day [4].
Social media offers a number of opportunities for health care
organizations and health care professionals. Twitter alone has
been shown to have more than 140 different usesin health care
[9] including disaster alerting and response, diabetes
management, and drug safety [10]. On anindividual level, 90%
of physicians use social media for personal reasons and 67%
useit professionally [11,12]. Thus, it servesasaway for health
care providersto provide health education, connect with patients,
and increase market share via a unique platform that allows
information to be disseminated beyond the capabilities of
traditional digital media—such as webpages—which makes it
an attractive tool for organizations and individual professionals
[13]. However, this capacity to reach a large audience also
increases the likelihood of unknown users interacting with the
site [13].

Many professional organizations such asthe American Medical
Association, the Federation for State Medica Boards, the
American Board of Internal Medicine, the American College
of Obstetricians and Gynecol ogists, and many individua health
care organizations have developed guidelines to help health
care organizations and providers create social media presences
that discourage posting of inaccurate information, avoid
damaging professional identities, preserve patient privacy and
the provider-patient relationship, and avoid ligation [9].
However, the bulk of these guidelines are created based on
expert opinion. Thus, there is a need for research into the
evolution of professionalism in the digital era—also known as
e-professionalism [14]. There are numerous papers discussing
the issue of professionalism in social media. However, thereis
limited data on how a provider’s social media presence impacts
apatient’s perception of that provider’s professionalism. A 2014
study by Jain and colleagues at the University of Michigan
evaluated what medical students, doctors, and the public felt
was unprofessional for medical students to post on Facebook
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[15]. The results showed that the public and faculty had lower
thresholds for what was considered appropriate and that this
was also related to how comfortable they would be with these
students caring for them [15]. Interestingly, doctors, females,
and older individuals were less permissive regarding the
appropriateness of content [15]. Clyde and coll eagues examined
how a physician's Facebook profile can impact a potential
patient’simpression of that provider’s professionalism [16] and
found that personal profiles containing healthy behavior were
rated as most professional, followed by profiles with strictly
professional content. Unhealthy personal profileswererated as
least professional [16]. In addition, profiles of female providers
were rated more professional across all profile types[16].

However, dataarelacking on the public’s perception of provider
professionalism in the context of Twitter. Thereisalso limited
research on how obstetrics and gynecology patients and
providers use social media and how that use relates to medical
professionalism. Our study sought to help close this gap and
inform the discussion on how health care providers should use
social media. Specifically, we aimed to determine whether a
provider Twitter profile with educational tweets was viewed as
more professional than a Twitter profile with personal tweets
or amixture of thetwo, asdetermined by patientsin an academic
obstetrics and gynecology clinic. It also sought to determine
whether these patients would perceive the Twitter profiles of
female providers to be more professional than the Twitter
profiles of male providers, regardless of the content of the
profile.

Methods

Ethics

This study, including the introduction letter and survey
instrument, was reviewed and determined exempt by the Medical
School Institutional Review Board at the University of
Michigan. A signed consent was not required, but each survey
began with aletter explaining that thiswasavoluntary research
study. This letter also explained how the participant’s
confidentiality would be maintained, that participation would
not affect their care, and that the participant could receive the
study results at study completion if they wished. Finaly, the
letter also offered them the opportunity to be entered in adraw
for one of five gift certificates valued at US $100. The contact
information for those participants that entered the draw was
kept separate from the survey to protect their confidentiality.
Participants were able to withdraw by their own request at any
time by simply not submitting the survey.

Eligibility Criteria and Study Setting

In July 2012, 200 surveys were distributed to women receiving
care in the Obstetrics and Gynecology clinic at the University
of Michigan Von Voigtlander Women's Hospital in Ann Arbor,
Michigan. In order to participate, patients had to be at least 18
years or older and able to read English.

Study Design

Patientswere randomized to receive one of six different printed
survey packets at the time of appointment check-in. Each survey
packet included aletter describing the study, questionsregarding
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demographics and social media use, a color screenshot of one
of six different medical provider Twitter profiles, and a
10-question survey instrument looking at the patient’s attitude
about the professionalism of the provider whose profile was
viewed. Participants submitted the completed packet prior to
leaving the clinic.

Medical Provider Twitter Profile Creation

Each of the six profiles was created on Twitter. The profiles all
had the same profile picture (stethoscope clipart), background,
and contained 8 tweets. However, the profiles differed with
regard to profile name and content. Specifically, the nameswere
selected to reflect the profiles of three female physiciansand 3
mal e physicians. Twitter does not all ow the creation of multiple
profiles with the exact same name, thus the female provider
profiles had three permutations of a similar first name but the
samelast name (Ashley, Ashlee, and Ashleigh Scott, MD). The
male profiles followed a similar pattern (Jahn, John, and Jon
Scott, M D). For each gender, the Twitter profileswere designed
tofitinto one of three categories. educational only (Ashleeand
John), personal only (Ashley and Jahn), or a 50/50 mixture of
thetwo (Ashleigh and Jon). Thetweets used were adapted from
tweets posted by self-identified obstetrician gynecologists on
Twitter. The 8 tweets sel ected were the same within the content
group regardless of gender. For example, the male provider's
educational only Twitter profile had the exact same tweets as
the female provider's educational only Twitter profile (see
Multimedia Appendix 1).

Rating Scale for Provider Professionalism

Patients were asked to rate 10 statements about each provider’s
professionalism based on their tweets. The professionalism
statements were devel oped from the American Board of Internal
Medicine's 10 professiona responsibilities: professional
competence, honesty with patients, patient confidentiality,
maintai ning appropriate rel ationships with patients, improving
quality of care, improving access to care, just distribution of
finite resources, scientific knowledge, maintaining trust by
managing conflicts of interest, and professional responsibilities
[17,18].

A 7-point scale was used to rate the responses to each of the 10
professionalism statements:

1. This provider seems like he/she has the skills to take care
of my health care needs (skill).

2. This provider seems like he/she would be honest with me
(honesty).

3. This provider seems like he/she would keep my health
information private (privacy).

4. Thisprovider seemslike he/she would maintain appropriate
boundaries with patients and other health care providers
(boundary).

5. Thisprovider seemslike he/shewould work to improvethe
quality of health care (work to improve).

6. This provider seems like he/she would work to provide
good access to health care (access).

7. Thisprovider seemslike he/shewould use health resources
fairly and appropriately (resource use).

http://www.jmir.org/2018/3/e78/
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8. Thisprovider seemslike he/she knowswhat he/sheisdoing
(competent).

9. Thisprovider seemslike he/she knows how to maintain the
patient’s trust while balancing conflicting interests (trust).

10. This provider seems like he/she follows through on his/her
professional responsibilities (responsible).

Statistical Analysis

In the Johnson study, there was a nonparametric correlation
between perceived credibility and whether a teacher posted
social or scholarly content [19]. Given the use of nonparametric
statistics in the Johnson study, the effect size for a power
analysis was difficult to estimate, but we conservatively
estimated a moderate effect according to Cohen (d=0.3). We
calculated a power of 80% with 87 participants [19]. Adding
gender and its interaction, a sample size of 100 gave a power
of 80% to detect an overall effect size of eta squared=0.105
[19]. We predicted that if there was an effect of professionalism
and gender in an interaction, and these together explained 10.5%
of the variance, we would find the effect 80 times out of 100
experiments [19]. The data was analyzed using analysis of
variance, with a P value of .05 considered to be statistically
significant. The data from all participants who submitted
answers to the professionalism section of the survey were
included in the analysis.

Results

During the 4 weeks of survey collection, 200 surveys were
distributed and 134 were returned compl eted, giving aresponse
rate of 67%. We were unable to collect data about the patients
who opted not to complete the survey given how the packets
were distributed.

The demographics of the population surveyed reflected our
clinic’'soverall population. In general, our patientsare primarily
young, college-educated, married, non-Hispanic white women
(Table 1). The majority (127/134, 94.8%) of participants were
under age 50, three-quarters (99/134, 73.9%) identified aswhite,
two-thirds (87/134, 64.9%) were married, and the mgjority
(120/134, 89.6%) completed at least some college (Table 1).
With regard to annual household income, 34.3% (46/134) made
more than US $75,000 per year and 34.3% (46/134) made less
than US $50,000 per year.

With respect to socia media use, 91.0% (122/134) of
participants used social media, with Facebook, blogs, and
Twitter being the most popular. However, only 20.9% (28/134)
of participants used social mediafor health care purposes. The
uses indicated by our participants included gaining knowledge
about conditions or treatments, support groups, sharing
experiences, and receiving or giving advice.

When examining the ratings of the 10 professionalism
statements (ie, skill, honesty, privacy, boundary, work to
improve, access, resource use, competent, trust, responsible),
we found a statistically significant difference for 6 of the 10
dimensions, including skill, work to improve, access, resource
use, competent, and responsible (Table 2).
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Table 1. Demographics of study participants (N=134).

Maben-Feaster et al

Characteristics n (%)
Race/Ethnicity
White 99 (74)
Black 11(8)
Asian 13 (10)
American Indian or Alaskan Native 21
Other 5(4)
Hispanic or Latino 5(4)
Marital status
Married 87 (65)
Single 39(29)
Separated 2(1)
Divorced 2(1)
Widowed 1(1)
Age
18-29 52 (39)
30-49 75 (56)
50-64 9(7)
>65 32
Education level
Not a high school graduate 4(3)
High school graduate 10(7)
Some college 120 (90)

Table 2. Survey results: mean ratings for professionalism statements by profile types. Ratings based on 7-point scale.

Female, education ~ Male, education Female, personal Male, personal Female, mixed Male, mixed

(Ashlee) (John) (Ashley) (Jahn) (Ashleigh) (Jon)
Skill 4.14 3.65 3.30 2.26 3.18 2.58
Honesty 4.05 3.47 3.96 291 371 3.53
Privacy 3.90 3.29 3.65 2.78 3.24 342
Boundary 4.10 3.65 391 2.65 3.06 3.26
Work to improve 4.40 4,59 357 2.50 3.65 3.16
Access 4.50 4.59 3.78 2.78 3.76 321
Resource use 4.45 3.9 3.78 2.74 3.88 3.28
Competent 4.29 3.82 3.65 248 3.29 3.82
Trust 4.15 3.59 357 2.78 312 3.00
Responsible 4.45 3.88 361 2.87 294 311
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Figure 1. Survey results: overall mean ratings by profile type.
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Provider Twitter Profile

In general, profiles with educational tweets received higher
professionalism ratings compared to those with personal tweets
(Table 2). Also, female providers received higher ratings than
male providers with similar profiles (Table 2). Specificaly, the
study population rated the female provider with educational
tweets (Ashlee Scott, MD) as more professional than the male
provider with personal tweets (Jahn Scott, MD) and the male
provider with amixture of educational and personal tweets (Jon
Scott, MD) in each of these dimensions (Table 2). The female
provider with educational tweetswas also rated moreresponsible
than the female provider with a mixture of educational and
personal tweets (Ashleigh Scott, MD) (Table 2). Rating items
were highly intercorrelated, suggesting that the ratings reflect
the same construct or a set of highly related constructs. This
intercorrel ation justified computing a mean rating across items
as an estimate of the participant’s perception of the physician's
overal quality. At 5% significance level, the data provide
sufficient evidence to conclude that a difference exists between
the mean rating among the six profiles (P=.002). In addition,
at a5% significance level, the data provide sufficient evidence
to conclude that mean ratingsfor the femal e educational Twitter
profile were higher than those for the male persona profile
(P=.001) and the male mixed profile (P=.03) (Figure 1).
Specifically, thefemale provider profilewith educational tweets
had a mean rating of 4.243 compared to 3.847 for the male
provider profile with the same tweets (Figure 1). The mean
rating for the female provider profile with personal tweets was
3.678 compared to 2.675 for the male provider profile with the
sametweets (Figure 1). Finally, thefemale provider profilewith
amixture of educational and personal tweets had amean rating
of 3.383 compared to a mean rating of 3.237 for the male
provider profile with the same tweets (Figure 1).
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Discussion

Principal Findings

Many physicians use social mediafor both personal and business
uses [11,12]. However, data are limited on how a provider’s
social media profile impacts the patient’s perception of that
provider’s professionalism. Our study sought to help close this
gap in the obstetrics and gynecol ogy patient population. In this
study, obstetrics and gynecology patients were randomized to
view ascreenshot from the Twitter profile of one of six different
fictitious providers and then rate their professionalism based
on the content of the tweets viewed. In general, profiles with
educational tweets received higher professionalism ratingsfrom
our study participants than profileswith mixed content or purely
personal tweets. Specificaly, the female and male provider
profileswith exclusively educational tweets had the highest and
second highest overall mean professionalism ratings at 4.24 and
3.85 respectively. Thisis consistent with what would have been
expected based on the traditional definition of medical
professionalism outside the context of social media. In keeping
with this theory, the mean professionalism score among the
male provider profiles decreased as the content of the profile
became more personal in nature with the exclusively personal
Twitter profile having the lowest professionalism score of 2.68.
However, among the female provider profiles, a dlightly
different pattern was seen. The purely educational Twitter profile
had the highest professionalism rating. However, the female
provider profile with the second highest mean professionalism
rating was actually the provider profile with exclusively personal
tweets at 3.68 rather than the mixed content Twitter profile at
3.38. Thisdiscrepancy may be driven by thefact that the patient
population surveyed was all femal e and these patients may have
identified more with the persona of the female provider with
personal tweets, resulting in a higher professionalism score.
This may also explain why the female provider profiles had
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higher mean professionalism scores when compared to the male
provider profiles with the same content.

Limitations

Therewere anumber of limitationsto thisstudy. First, the study
was conducted in an obstetrics and gynecology clinic and all
of the study participants identified as female. This may have
biased our finding that female providers were viewed as more
professional since the patients may have identified more with
providers of the same gender. Interestingly, Jain and colleagues
studied medical student Facebook profilesand found that female
participants tended to be less permissive regarding the
appropriateness of profile content [15]. The Facebook-based
professionalism study conducted by Clyde and colleagues also
found that those surveyed viewed female providers as more
professional and their study population included both female
and male participants [16]. This suggests that more research is
needed to determine why female gender alone creates a greater
perception of professionalism. The majority of the participants
in this study were under age 50 (95%), which limits the
generalizability of these findings to an older population.
However, Pew Research Center data suggest that Twitter use
islesscommon in personsover age 50 [3]. Their datashow that
only 11% of Internet users over age 50 use Twitter, compared
to 30% of Internet users under age 50 [3]. This suggeststhat in
older populations, Twitter is less likely to be used for
health-related information and provider selection. Finally, at
the time of study design and implementation, there was no
pre-existing measurement scale available for evaluation of
perceptions of professionalism. Therefore, we developed our
own survey instrument, which had not been validated in other

Maben-Feaster et al

studies. However, the ratings were highly intercorrelated,
suggesting that the ratings reflect the same or a highly similar
construct, which supports the instrument’s validity. Since
conducting our study, another scale to measure perceived
professionalism was developed—the First Impressions of
Medical Professionalism (FIMP) scale [16]. This creates an
opportunity to confirm the findings of our study using adifferent
instrument.

Conclusion

When patients view a provider's profile on a social media
platform, they do not necessarily discern between whether the
provider's profile is for persona or business use. In addition,
itisdifficult to control who may be ableto view agiven profile.
Professionalism serves asthe foundation of the patient-provider
relationship. If itiseroded prior to the patient entering the clinic,
due to a provider's social media presence, this can have
implications with regard to care. However, sociad media
platforms also alow medical providers to interact and reach
patients in a unique way, which may improve care. Given this
delicate balance, it isimportant to expand the body of knowledge
on medical professionalism in the context of social media. In
an academic obstetrics and gynecology clinic, wefound patients
identifying as female perceived providers with purely
educational Twitter feeds as more professional than those with
mixed content or purely personal tweets. To our knowledge,
this is the first study to look at the issue of patient-perceived
professionalism among providers who tweet and the impact of
provider gender on this perception. It provides afoundation for
further research into how this technol ogy impacts our ability to
educate patients and each other.
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Medical provider Twitter profile screenshots as viewed by study participants.
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Abstract

Background: Research indicates expectant and new mothers use the Internet, specifically social media, to gain information
and support during the transition to parenthood. Although parents regularly share information about and photos of their child or
children on Facebook, researchers have neither explored the use of Facebook to share pregnancy-rel ated information nor investigated
factors that influence such sharing.

Objective: The aim of this study was to address a gap in the literature by exploring the use of Facebook by pregnant women.
Specifically, the study examined the use of Facebook to share pregnancy-related information, as well as any association between
prenatal attachment and the af orementioned aspects of sharing pregnancy-related information on Facebook.

Methods: Pregnant women who were at least 18 years of age were recruited for participation in the study through posts and
paid advertisements on Facebook and posts to professional organization listservs. Individuals interested in participating were
directed to a secure Web-based survey system where they completed the consent form and the survey that focused on their current
pregnancy. Participants completed the Maternal Antenatal Attachment Scale and answered questions that assessed how often
they shared pregnancy-related information on Facebook, who they shared it with, why they shared it, and what they shared.

Results: A total of 117 pregnant women completed the survey. Descriptive statistics indicated that the pregnancy announcement
was most commonly shared (75/108, 69.4%), with most women sharing pregnancy-related information on Facebook less than
monthly (52/117, 44.4%) with only family and friends (90/116, 77.6% and 91/116, 78.4%, respectively) and for the purpose of
involving others or sharing the experience (62/107, 57.9%). Correlation and regression analyses showed that prenatal attachment,
in general, was positively and significantly related to all aspects of sharing pregnancy-related information at the P<.05 level, with
the exception of sharing because of expectations. Quality of attachment, which involves the positive feelings the woman has
about her unborn child, was significantly associated with sharing to involve others or share the pregnancy (tg 63=2.654 , P=.009).
In contrast, after controlling for other variables, the strength or preoccupation component of prenatal attachment was significantly
associated with frequency of sharing (tg 100=2.554 , P=.01), number to types of information shared (tg ;=2.605 , P=.01), number

of groups with whom shared (tg go=3.467, P=.001), and sharing to get advice (x%=5.339, P=.02).

Conclusions: Pregnant women in this study used Facebook for avariety of reasons, demonstrating the use of the social media
platform during pregnancy for supportive and informational purposes. Overall, the results of this study are likely to be useful to
professionals who are seeking alternative methods for providing intervention, information, and support to pregnant women via
social mediain our technology-driven society.

(J Med Internet Res 2018;20(3):€115) doi:10.2196/jmir.7753
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Introduction

Social Media Use and Parents

The transition to parenthood, which begins at pregnancy and
continues through the postpartum period, has been altered from
decades past by the introduction of new technologies. In
particular, medical technol ogies have provided expectant parents
with videos and picturesthey can use to introduce their unborn
child to others before the birth. Internet technologies have
further shaped the transition to parenthood by providing means
through which expectant and new parents can shareinformation
about their experiences and their unborn child or newborn with
family, friends, and acquaintances. According to McDaniel et
al, “new mothers appear to beimmersed in new age media, such
asblogging and socia networking,” yet, “research on mothers
mediauseisstill initsinfancy” [1].

The Pew Research Center began tracking the use of social media
sitesin 2005 [2]. At that time, 7% of the American population
reported using social media. Just 10 years later, 60% of
Americans reported they were users of social media sites [2].
Recent statistics indicate there are over 1.5 billion Facebook
users[3], with parents comprising asignificant portion of social
media users in the United States. Of the various social media
sitesin existence, Facebook isthe most common platform used
by parents in the United States. In particular, Duggan et al [4]
found that 74% of parents reported using Facebook, and Hicks
and Brown [5] found that 85% of the pregnant women in their
study checked Facebook at least once every day. Of the
Facebook-using parents in the Duggan et a [4] study, 75% of
parentsreported that they logged on to Facebook daily, whereas
only 12% reported weekly or less than weekly use of the site.
Similarly, Bartholomew et al [6] found that daily Facebook use
was common among new mothers. Additional research focusing
on thetransition to parenthood al so shows that new parents use
social media on aweekly basis[1].

The Internet, and subsequently social media, has changed the
way in which we search for and gather information. In fact,
according to Danielsand Wedler, “information seeking through
the Internet has become one of the easiest ways to learn about
health-related information” [7]. Given the multitude of
health-related issues that arise during parenthood, it is not
surprising that parents rely on the Internet to gather
health-related, as well as parenting information [8]. Pregnant
women are no exception when it comes to using the Internet
for informational purposes. Research indicates that pregnant
women use the Internet to gain reassurance about the normalcy
of their pregnancy and symptoms[9] and to gather information
about pregnancy, birth, and labor [10,11]. According to Asiodu
and colleagues, “social media platforms appeared to be the
preferred mechanism for obtai ning important information during
the antepartum and postpartum periods’ for the first-time
mothers interviewed in their study [12], with the practice
declining during the postpartum period.

Social media also serves a supportive function for expectant
and new parents. Duggan et a [4] found that 42% of parentsin
their study received emational or socia support related to their
parenting role through social media. Such support could be
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gained through online interactions and exchanges with friends
and family on social media sites [13] and through membership
in social media groups (ie, groups for new mothers). In
particular, Tomfohrde and Reinke [8] found that social media
fulfilled a supportive function for breastfeeding mothers,
whereas new parents in the Thoren et al [14] study reported
receiving support through an online support group for premature
infants. The tendency of parents to share parenting challenges
on Facebook is supported by the finding that social media users
were more likely than those who did not use the social media
sites to be “aware of stressful eventsin the lives of their close
friends and more distant acquaintances’ [15].

Finaly, social media appears to facilitate bonding and
connections for expectant and new parents [6]. Specifically,
Lupton [10] reported that social media provided pregnant
women with a sense of connection with their peers, as well as
with their own unborn child. The practice of posting status
updates and photos on social media appears to play arolein
establishing and maintaining connections with others.
Researchers have found that new parents shared images of their
children on social media [1,10], with over two or three of the
new parentsin the Bartholomew et al [6] study posting photos
of their children each month. In fact, parents in one study
reported that posting pictures and comments about their children
was their most common social media activity [16]. Prenatal
ultrasound technology provides images, “baby’s first picture”
[17], that can be shared prenatally by expectant parents, and
research indicates that pregnant women share the ultrasound
images to facilitate bonding and to involve others in their
pregnancy [18]. Saetnan identified ultrasound technology as a
“family-building technology,” noting itsability to involve others
in the pregnancy, foster supportive interactions, and initiate
“thinking about the baby asafamily member” beforebirth [19].
Facebook and other social media platforms provide additional
opportunitiesfor expectant parents to share the technologically
produced ultrasound images for these purposes, thus augmenting
the notion of “family-building technology” to include social
media. In fact, Johnson suggested that “ Facebook may be one
of the social communities in which women and their partners
first announcetheir pregnancy and where they share ultrasound
images, their experiences during pregnancy as well as their
excitement at the impending arrival of their baby” [20].

Parental use of social mediasites appearsto vary by pregnancy
status, gender, and age of the parent. In particular, women
pregnant for the first time are more likely to use social media
than multiparous women [21] Asisthe case with social media
usein genera [2], younger parents (younger than 40 years) are
more likely to use socia media[22] and Facebook [4] than older
parents. There are also gender differences in terms of which
social media site is being used by parents, with mothers using
Facebook significantly more than fathers for support (80%
mothers, 65% fathers) and informational purposes (83%
mothers, 74% fathers) [4]. Recently, Bartholomew et a [6]
explored Facebook use during the postpartum periodin relation
to the parenting role, finding that new motherswere morelikely
than new fathersto utilize the social networking site.

JMed Internet Res 2018 | vol. 20 | iss. 3 [e115 | p.187
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Prenatal Attachment

As the earliest conceptualization, the definition of prenatal
attachment has evolved from encompassing maternal behaviors
indicative of the mother’s affiliation toward and interaction with
her unborn child [23], to later becoming a multidimensional
construct that also involves expectant parents' thoughts and
fantasies about the fetus [24]. Doan and Zimmerman [25,26]
further conceptualized prenatal attachment asinvolving multiple
components—behavioral, cognitive, and affective. More
recently, Kriganous et al defined prenatal attachment as “the
emotional attachment made up of feelings of affiliation and
affection by the mother to the devel oping baby, which indicates
positive acceptance and acknowledgment that the pregnancy is
producing a person in their own right” [27].

Most relevant to this study, Condon and Corkindale [28]
conceptualized prenatal maternal attachment as “a desire for
knowledge about the fetus, pleasurein interaction with the fetus
(both in fantasy and reality), and a desire to protect the unborn
baby and his/her own needs, even at the expense of the mother’s
own” [28]. More specifically, they conceptuaized it as
comprising two components—the quality of the pregnant
woman's attachment to and her preoccupation with her unborn
child. The quality of prenatal attachment involves the pregnant
woman's positive feelings for and clear images of her unborn
child, whereas the preoccupation component involves the
strength of the pregnant woman's attachment to her unborn
child. According to Condon and Corkindale [28], the strength
of her attachment is manifested through such processes astime
spent thinking and talking about the unborn child and attempts
to engage in behaviors that are healthy and protective of her
unborn child.

Despite the various conceptuali zations of the construct, research
consistently indicates that prenatal attachment increases over
the course of the pregnancy [29,30], with moderate stability
carrying into toddlerhood [31]. Multiple factors have been
investigated in relation to prenatal attachment, with research
indicating that prenatal attachment ishigher among womenwho
are pregnant for the first time [32] and those who are involved
in asupportive couplerelationship [33,34]. In addition, certainty
about fetal sex [29], quickening, and prenatal technology [35-38]
have a so been associated with maternal prenatal attachment.

Although parent-child attachment, during the postpartum period
and later, typically receives more attention from researchers
and interventionists, research has highlighted the importance
of attachment during the prenatal period. In particular,
researchers [33] found a positive association between
maternal-fetal attachment and engagement in self-care behaviors
and positive health practices during pregnancy. Furthermore,
prenatal attachment also appearsto be associated with cigarette
smoking, a behavior that poses serious risks to the pregnancy
and newborn [39]. Specifically, researchers found a negative
correlation between maternal prenatal attachment and the
number of cigarettes smoked by the woman during the
pregnancy [40], aswell ashigher presence of particular el ements
of prenatal attachment among women who quit smoking during
pregnancy versus those who did not [41]. Similarly, Ross [42]
found a negative correlation between prenatal attachment and
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alcohol consumption during pregnancy. Overall, the research
indicates that prenatal attachment is negatively associated with
harmful maternal behaviors and positively associated with
behaviorsthat are more optimal during pregnancy. It isthen not
surprising that prenatal attachment has also been associated
with negative neonatal outcomes such as low birth weight
[33,43].

This Study

Although the associations between prenatal attachment and
maternal behaviors during preghancy have been investigated,
the role of prenatal attachment in the mother’s representation
of her unborn child to others has not been investigated.
Furthermore, despite the importance of Facebook in parents
lives, research on expectant parents’ use of Facebook to share
pregnancy-related information is lacking. More specificaly, to
date, researchers have not investigated a potential relationship
between prenatal maternal attachment and pregnancy-related
posts on social media. On the basis of the findings of previous
research and the components of attachment, as identified by
Condon and Corkindale [28], it seems plausible that a
relationship does exist between prenatal attachment and social
media posts about one's pregnancy and unborn child. In terms
of the strength (preoccupation) component of prenatal
attachment, one may assumethat pregnant women who are more
attached to their unborn child would post about their pregnancy
and unborn child more frequently to Facebook than those who
arelessattached to their unborn child, asthey are spending more
timethinking about their unborn child. In addition, the avoidance
of harmful behaviors, an additional aspect of the strength
component of prenatal attachment, may embolden a pregnant
woman to seek advice and support regarding her pregnancy and
unborn child's health from others on social media. Findly, a
pregnant woman who has clearer images of and more positive
feelings about her unborn child, both indicators of the quality
of prenatal attachment, would likely be more compelled to post
about her pregnancy and unborn child in attempts to involve
others in her pregnancy (to share in her excitement) and to
introduce her unborn child as a member of the family. Taken
together, therefore, it is hypothesized that pregnant women
utilize socia media, specifically Facebook, to share
pregnancy-related information with others and that such sharing
is related to the pregnant woman's prenatal attachment toward
her unborn child.

Specifically, the study examined the use of Facebook to share
information about pregnancy among pregnant women, as well
as any association between prenatal attachment and sharing
pregnancy-related information on Facebook.

The following research questions (RQs) were explored in the
study:

« RQ1. What pregnancy-related information are pregnant
women sharing on Facebook?

« RQ2. With whom are they sharing pregnancy-related
information on Facebook?

« RQ3. How often do they share pregnancy-related
information on Facebook?

« RQ4. Why do they share pregnancy-related information on
Facebook?
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In addition, the following hypotheses (Hs) were tested in the
study:

« H1. Prenata attachment will be associated with frequency
of sharing pregnancy-related information on Facebook.

« H2. Prenatal attachment will be associated with how many
types of pregnancy-related information are shared on
Facebook

«  H3. Prenatal attachment will be associated with the number
of groups with whom pregnancy-related information is
shared on Facebook

«  HA4. Prenatal attachment will be associated with the reasons
for sharing pregnancy-related information on Facebook.

Methods

Recruitment

Upon receiving Human Subject Approval, pregnant women
whowere at |east 18 years of age wererecruited for participation
in the study through posts to the researcher’s personal and
research Facebook pages that were subsequently shared by
others, paid advertisements on Facebook that were targeted to
preghancy-related groups and pages, and posts to listservs of
theresearcher’s national professional organization. Individuals
interested in participating were directed through the
announcement to the secure Web-based survey system utilized
by the university where they completed the consent form and
the survey. In addition to the consent form, the survey consisted
of one page of demographic questions, one page of questions
assessing the use of Facebook to share pregnancy-related
information, and one page of questions comprising the
attachment scale for a total of 41 questions. To facilitate
compl etion and expedite movement through the survey, question
condition settingswereincluded to automatically skip questions
that were not relevant to participants. Due to university human
subject stipulations, participants were allowed to exit the survey
at any time and skip any questions in the survey with the
exception of indicating their consent, or lack thereof, to
participate on the consent form. Participants were instructed to
complete the survey with their current pregnancy as the focus
of their answers. The survey was open and set for single
response submission, without the capability to update responses
after submission; athough, participants were able to return to
previous questions before submission.

Before data collection, the Web-based survey was pilot tested
by four women known to the researcher—two of whom were
pregnant and two who had recently given birth. Issues with
survey formatting and word choice were resolved based on
feedback provided from the pilot participants. In addition, the
pilot participants provided the researcher with information
concerning thetime required for survey compl etion, which was
subsequently used for the time-to-complete estimate provided
on the consent form.

M easures

Dependent Variables

Frequency of sharing information, types of information shared,
with whom information was shared, and reasons for sharing
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information were the dependent variables in this study. Each
was measured with closed-ended questions on the survey.

Frequency of Sharing I nformation

Participantsindicated how often they posted pregnancy-related
information to Facebook during the current pregnancy by
choosing one of the following options: (1) less than once per
month, (2) once per month, (3) afew times per month, (4) once
per week, (5) afew times per week, (6) once per day, or (7)
more than once per day. The options were developed by the
researcher using categoriesfrom the Bartholomew et al [6] study
as a framework. A higher number represented more frequent
sharing of pregnancy-related information on Facebook.

Types of Information Shared

Participants indicated which of the following types of
pregnancy-related information they had shared on Facebook
during their current pregnancy by indicating “yes’ or “no” for
each type: (1) announcement of their pregnancy, (2) ultrasound
pictures or videos of their unborn child, (3) announcement of
their unborn child’s sex, (4) information about their pregnancy
symptoms, (5) information about their preparation for the baby,
(6) information about medical appointments, (7) information
about the progression of the pregnancy, (8) information about
pregnancy complications, and (9) information about the birth
plans. These categorieswere devel oped by the researcher based
on the researcher’s previous research with expectant parents
and personal correspondence with pregnant women about the
types of pregnancy-related information they shared with others.
Each item was coded, with a 1 indicating the participant shared
the information and 0O indicating the participant did not share
the information on Facebook. Scores on the nine items were
summed, with a higher score indicating the sharing of more
types of pregnancy-related information on Facebook.

Whom Shared With

Participantsindicated which of thefollowing groupsthey shared
pregnancy-related information with on Facebook: (1) only
family, (2) only friends, (3) only friendsand family, or (4) public
(no restrictions on who could see the information). These
categories were developed by the researcher, with the privacy
settings available to Facebook users (public, friends, and
customize) serving as the initial framework for the categories.
A “yes’ response to each category was coded as 1 and a“no”
response coded as 0. Scores for the four groups were summed
to gain a whom shared with score (ranging from 0-4), with a
higher number indicating more groups with whom the
information was shared.

Reasons for Sharing

Participantsindicated the reasonsthey posted pregnancy-related
information to Facebook by indicating which of the following
optionsapplied to them: (1) to share excitement, (2) to document
pregnancy, (3) to get advice, (4) to involve others in the
pregnancy, (5) toissue aprayer request, and (6) others expected
them to share it. The response options were developed by the
researcher, utilizing reasons cited in literature and from personal
correspondence with pregnant women. A response of “yes’ for
an item was coded as 1, whereas a*“no” response was coded as
0. Subsequent factor analysis was performed on the six reasons
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for sharing information, with the following four categories of
reasons identified: (1) getting advice, (2) issue prayer request,
(3) involve others or share experience, and (4) expected to.

I ndependent Variables

Prenatal attachment served as the independent variable in the
study. In addition, demographic variables were treated as
controls in the analyses.

Prenatal Attachment

Prenatal attachment was assessed with the 19-item Maternal
Antenatal Attachment Scale (MAAS) [28,44]. The MAAS
congists of two subscales. Thefirst subscale, whichiscomprised
of 10 items, assesses the pregnant woman's quality of
attachment to the unborn child (ie, her positive feelings about
the unborn child and clear mental images of the unborn child),
whereas the second 8 item preoccupation subscal e assesses the
strength of the pregnant woman's attachment with her unborn
baby (eg, the amount of time she thought about the unborn baby
and protective behaviors). Examples of questions from the
quality subscale are “Over the past two weeks when | think
about the baby inside me | get feelings which are (very sad,
moderately sad, amixture of happiness and sadness, moderately
happy, very happy)” and “ The picture in my mind of what the
baby at this stage actually looks like inside the womb is (very
clear, fairly clear, fairly vague, very vague, | have no idea at
all).” Items from the preoccupation subscale include “ Over the
past two weeks | have had dreams about the pregnancy or baby
(not at all, occasionally, frequently, very frequently, almost
every night)” and “Over the past two weeks | have taken care
with what | eat to make sure the baby gets a good diet (not at
all, once or twice when | ate, occasionally when | ate, quite
often when | ate, every time | ate).” Per the instrument
guidelines, one question (“Over the past two weeks | have felt
that the baby inside me is dependent on mefor itswell-being”)
was included in the overall attachment score, but not in either
of the subscal es. Participantsindicated their level of agreement
with each statement on a 5-point Likert scale, with a total
computed for the full scale and each subscale, and higher totals
indicating greater prenatal attachment.

Control Variables

Participants provided the following information: (1) age (5
categories), (2) parity status (first pregnancy vs not first
pregnancy), (3) knowledge of fetal sex (yes or no), (4) weeks
currently pregnant (6 categories), and (5) planned pregnancy
(yes, no). Specific categories for the control variables that
appeared on the survey arelisted in Table 1.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) version 23
(IBM Corp) was used for al analyses. Descriptive statistics
were used to analyze the data for research questions 1 to 4.
Correlations (Pearson, Spearman rho) were used to test
hypotheses 1 to 4, with multiple and binomial logistic regression
used to test for associations between the independent and
dependent variables when controlling for the other variables
and demographic variables (participant’s age, first pregnancy
status, knowledge of fetal sex, number of weeks pregnant, and
planning of the pregnancy). Only the attachment subscales
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(preoccupation and quality), and not the overall prenatal
attachment scores, were included in the regression analyses to
reduce multicollinearity between the overall scale and subscale
SCOres.

Results

Participant Characteristics

There were 5395 clicks on the survey link during the 7-month
data collection period. From those clicks, 218 individuals
consented to participatein the study, and atotal of 117 pregnant
women completed the Web-based survey. The sample was
predominately white (90/109, 82.6%), married (85/110, 77.3%),
college educated (74/113, 65.5%), and in the age range of 26
to 29 years (42/114, 36.8%). In addition, amost half of the
women were pregnant for the first time (56/113, 49.6%), most
of the pregnancies were planned (76/113, 67.3%), and the most
common category for weeks pregnant was 27 to 33 weeks
(46/113, 40.7%). See Table 1.

Themean on the overall attachment scalewas 75.68 (SD 7.655;
range: 49-88.70). The mean on the preoccupation (strength)
subscale was 28.66 (SD 4.967; range: 15-38.70), and the mean
for the quality subscale was 42.38 (SD 3.569; range: 20.41-47).

Research Questions

Research Question 1

The most common type of information shared on Facebook was
the pregnancy announcement (75/108, 69.4%), followed by
sharing pregnancy progress (57/110, 51.8%), and announcing
the fetus sex (55/111, 49.5%). The least common type of
information shared was birth plans (7/116, 6.0%). See Table 2
for more complete results.

Research Question 2

Friends and family were the most common recipients of the
pregnancy-related information posted to Facebook. Over 75%
of the women shared information with friends (91/116, 78.4%)
and family (90/116, 77.6%). The women were less likely to
share with individuals they did not know personally (Table 2).

Research Question 3

The majority of the participants posted pregnancy-related
information relatively infrequently, with 44.4% (52/117)
indicating they posted information related to their current
pregnancy less than once per month, followed by sharing afew
times per month (18.8%, 22/117). A smaller percentage of
women shared information a few times per week, with even
fewer sharing pregnancy-related information on a daily basis
(Table 2).

Research Question 4

When considering all six of the reasons for sharing, the most
common reason was to share the excitement of the pregnancy
with others (57.9%, 62/107), followed by the desire to document
the pregnancy (31.3%, 35/112), and get advice (28.9%, 33/114).
Theleast common reason for sharing was feeling pressured by
others to share the information (Table 2), indicating that most
of the women voluntarily shared the information with others.
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Table 1. Demographic information.

Demographic characteristics n (%)
Age, years
18-21 12 (10.7)
22-25 19 (16.7)
26-29 42 (36.8)
30-33 29 (25.4)
34-39 9(7.9
40-44 1(0.9)
245 0(0.0
Race
White 90 (82.6)
Black 8(7.3)
Hispanic or Latino 4(3.7)
Native American 1(0.9)
Asian or Pacific Islander 5(4.6)
Other 1(0.9)
Annual income (USD)
<30,000 25(22.7)
30,000-49,999 17 (15.5)
50,000-74,999 20(18.2)
75,000-99,999 18 (16.4)
>100,000 30(27.2)
Education
L ess than high school 327
High school or general equivalency diploma 14 (12.4)
Some college or vocational training 22 (19.5)
Associate degree 3(27)
Bachelor’s degree 37 (32.7)
Master's degree 23(20.4)
Doctorate degree 11(9.7)
Marital status
Single, never married 19 (17.3)
Divorced 3(2.7)
Separated 2(L8)
Widowed 1(0.9)
Married 85 (77.3)
Weeks pregnant
Under 13 weeks 5(4.4)
13 to 19 weeks 16 (14.2)
20 to 26 weeks 16 (14.2)
27 to 33 weeks 46 (40.7)
340 40 weeks 29 (25.7)
Over 40 weeks 1(0.9)
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Table 2. Sharing pregnancy-related information.

Harpel

Category of sharing behavior n (%)
Type of information shared
Pregnancy announcement 75 (69.4)
Pregnancy progress 57 (51.8)
Sex of fetus 55 (49.5)
Ultrasound pictures 46 (39.3)
Pregnancy symptoms 36 (32.1)
Preparation for baby 33(29.2)
Medical appointments 17 (15.0)
Pregnancy complications 14 (12.2)
Birth plans 7 (6.0)
With whom shared
Friends 91 (78.4)
Family 90 (77.6)
Friends of friends 15(12.9)
Everyone 7 (6.0)
Frequency shared
L ess than monthly 52 (44.4)
Once per month 11 (9.4)
Few times per month 22(18.8)
Once per week 8(6.8)
Few times per week 16 (13.7)
Once per day 6(5.1)
More than once each day 217
Reasons for sharing
Share excitement 62 (57.9)
Document pregnancy 35(3L3)
Get advice 33(28.9)
Involve others 19(17.0)
| ssue prayer request 18 (15.9)
Others expected it 9(7.8)

Hypotheses

Hypothesis 1

Results of Pearson’s correlationsindicated that overall prenatal
attachment and the quality and preoccupation subscales were
positively and significantly associated with frequency of sharing
(Table 3). Participants who reported higher overall prenatal
attachment were more preoccupied with their unborn child and
had more positive feelings about their unborn child shared
information about their current pregnancy more frequently on
Facebook.

Using the enter method of multiple regression, the control
variables and quality and preoccupation subscale scores were
entered in the equation. Results indicated that the age of
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participants was found to be a significant predictor, and the
preoccupation subscale retained significance after controlling
for other variables (Table 4). However, the quality subscale of
attachment was no longer a significant predictor of frequency
of sharing information. Participants who were younger and more
preoccupied with their unborn baby shared pregnancy-related
information more frequently on Facebook. Therefore, H1 was
partially supported asthe preoccupation subscal e of attachment
was found to be significantly associated with frequency of
sharing pregnancy-related information on Facebook after
controlling for other variables.

Hypothesis 2

Overall, prenatal attachment and the two subscales
(preoccupation and quality) were significantly associated with
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sharing more types of pregnancy-related information on
Facebook (Table 3). Specifically, participants who reported
higher overall prenatal attachment, higher quality attachment,
and more preoccupation with their unborn child shared more
types of pregnancy-related information on Facebook.

The enter method of multiple regression was used to test the
associations after controlling for other variables. Results
indicated that the preoccupation subscale, age, and weeks
pregnant were significant contributors to the model, with those
who were more preoccupied with their unborn child, younger,
and further along in their pregnancies sharing more types of
information (Table 5). The quality of attachment was no longer
significant after controlling for the influence of other variables.
Therefore, H2 was partially supported with the preoccupation
subscale of attachment being significantly and positively related
to the total types of pregnancy-related information shared on
Facebook.

Table 3. Correlations between independent and dependent variables.

Harpel

Hypothesis 3

Analysiswith Pearson correlation reveal ed that overall prenatal
attachment and the preoccupation subscale were significantly
associated with sharing pregnancy-related information with
more groups on Facebook (Table 3). Specifically, participants
who reported higher overall prenatal attachment and were more
preoccupied with their unborn baby shared pregnancy-related
information with more groups of people on Facebook.

The enter method of multiple regression model was again used
to test associations between prenatal attachment and number of
groups with whom information was shared while controlling
for other variables. Age and preoccupation with the unborn baby
were significant contributors to the model (Table 6). H3 was
partially supported in that participants who were more
preoccupied with their unborn baby (a subscale of attachment)
shared pregnancy-related information with significantly more
groups of people on Facebook.

Variables Prenatal attachment

Preoccupation attachment subscale

Quality attachment subscale

Frequency shared 3382 .308%
Total types shared 3322 3602
Groups shared with 2482 3382
Share pregnancy 3382 2742
Get advice 236° 2772
Prayer request 2512 2382
Expected to -.135 -.096

2282
194°
.050
.3032
.091
163

=177

aCorrelation significant at the .01 level.
bCorrelation significant at the .05 level.

Table 4. Multiple regression results for hypothesis 1 (frequency of sharing;

N=108; R?=.227, Fg 109=3.671, and P<.001).

Variable B (SE) Beta t value® P value
Constant 1.349 (2.366) N/A 0.570 .57
Controls
Age - 488 (0.149) -.336 -3.286 .001
Number of children .358 (0.230) 194 1.556 A2
Fetal sex -.428 (0.433) -.105 -0.98 .32
Weeks pregnant -.050 (0.079) -.065 -0.625 .53
Planned pregnancy .012 (0.350) .003 0.035 .97
First pregnancy 438 (0.416) 131 1.055 .29
Predictors
Preoccupation (attachment) .090 (0.035) .262 2.554 .01
Quality (attachment) -.010 (0.054) -.021 -0.185 85

3Degrees of freedom for t test values=8,100.
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Table 5. Multiple regression results hypothesis 2 (number of types of information shared; N=105; RP=.314, Fg,97=5.540, P<.001).
Variable B (SE) Beta t value? P value
Constant -2.815 (3.308) N/A -.851 4
Controls
Age -.717(0.208) -.337 -3.454 .001
Number of children 474 (0.322) 74 1471 14
Fetal sex -.735(0.610) -.121 -1.206 .23
Weeks pregnant .328 (0.111) 291 2.940 .004
Planned pregnancy .378 (0.500) .072 0.756 45
First pregnancy .552 (0.581) 112 0.949 .35
Predictors
Preoccupation (attachment) .129 (0.050) .254 2.605 .01
Quality (attachment) .038 (0.076) .053 0.498 62
3Degrees of freedom for t test values=8,97.
Table 6. Multiple regression hypothesis 3 (groups with whom information shared; N=107; RP=.252, Fg,90=4.159, P<.001).
Variable B (SE) Beta t value® P value
Constant 1.570 (2.344) N/A 0.670 51
Controls
Age -.348(0.150) -.233 -2.313 .02
Number of children .137 (0.234) .072 0.585 .56
Fetal sex -.127 (0.442) -.030 -0.287 a7
Weeks pregnant -.052 (0.080) -.066 -0.641 .52
Planned pregnancy -.586 (0.355) -.161 -1.649 .10
First pregnancy 175 (0.421) -.051 -.415 .68
Predictors
Preoccupation (attachment) .125 (0.036) .350 3.467 .001
Quality (attachment) -.016 (0.055) -.032 -0.285 77

¥Degrees of freedom for t test values=8,99.

Hypothesis 4

Pearson correlation results indicated that overall prenatal
attachment and the preoccupation and quality of attachment
subscales were significantly and positively associated with
sharing information to involve others or share the pregnancy
experience (Table 3) . Results of the multipleregression analysis
indicated that after controlling for the other variables, age, weeks
pregnant, and quality of attachment were significantly associated
with sharing to involve others (Table 7). The preoccupation
subscalewas no longer significant after controlling for the other
variables. Participants who were younger, further along in their
pregnancy, and reported higher quality of attachment were
significantly morelikely to share pregnancy-related information
toinvolve othersor sharethe pregnancy experiencewith others.

Spearman rho correlational analysis indicated that, overall,
prenatal attachment and the preoccupation attachment subscale
were significantly and positively associated with sharing to get
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advice from others (Table 3). Binomial logistic regression
analysisindicated that after controlling for other variables, the
preoccupation attachment subscal e retained significance (Table
8), meaning that individualswho reported greater preoccupation
with their unborn baby were significantly more likely to post
pregnancy-related information to Facebook in order to get advice
from others.

Results of Spearman rho analysis showed that overall prenatal
attachment and the preoccupation attachment subscale were
significantly,  positively  associated  with  sharing
pregnancy-related information to issue a prayer request (Table
3). However, after controlling for other variables using binomial
logistic regression, the model was not significant, X%=3.5,
N=108, P=.90, nor were the independent or control variables.
Thus, prenatal attachment was not significantly associated with
sharing to issue a prayer request after controlling for other
variables.
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Table 7. Multiple regression results hypothesis 4 (sharing to involve or share experience; N=101, RP=.229, Fg 93=3.460, P=.002).
Variable B (SE) Beta t value? P value
Constant -4.427 (1.998) N/A -2.216 .03
Controls
Age -.319(0.126) -.266 -2533 01
Number of children 172 (0.192) 114 0.896 37
Fetal sex -.037 (0.372) -.011 -0.099 92
Weeks pregnant .146 (0.070) .229 2.084 .04
Planned pregnancy -.097 (0.297) -.327 -0.327 74
First pregnancy .049 (0.350) 139 0.139 .89
Predictors
Preoccupation (attachment) .034 (0.030) 119 1132 .26
Quality (attachment) 1121 (0.046) 304 2.654 .009
3Degrees of freedom for t test values=8,93.
Table 8. Logistic regression results for hypothesis 4 (sharing to get advice; N=108; x28=7.5, P=.48).
Variable B (SE) Wald chi-square® P value
Constant -2.439 (3.595) 0.5 497
Controls
Age -.325(0.237) 1.9 17
Number of children -.135(0.376) 0.1 72
Fetal sex -.404 (0.666) 04 54
Weeks pregnant .197 (0.130) 2.3 A3
Planned pregnancy .504 (0.539) 0.9 .35
First pregnancy .359 (0.654) 0.3 497
Predictors
Preoccupation (attachment) .138 (0.060) 53 .02
Quality (attachment) -.056 (0.087) 04 52

3Degrees of freedom for Wald chi-square=8.

Finally, results of Spearman rho analysisindicated that none of
the attachment scores were significantly associated with sharing
because of the expectations of others. Therefore, the overall
prenatal attachment score and the quality and preoccupation
subscales were not significantly associated with sharing
pregnancy-related information on Facebook to conform to
others' expectations to do so.

Discussion

Principal Findingsand Comparison With Prior Work

The women who participated in the study reported sharing
pregnancy-related information relatively infrequently on
Facebook. In fact, the majority of the women reported sharing
the information less than monthly, with less than 7% of the
women sharing information on a daily basis. This finding
contradicts that of previous research that indicated 75% of
parents [4] and 85% of pregnant women [5] checked Facebook
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on a daily basis. However, this discrepancy in results may be
because of the fact that this study did not explore the frequency
of general Facebook use (ie, using Facebook for purposes other
than sharing pregnancy-related information). Instead, the
participants were asked only how frequently they shared
pregnancy-related information. Therefore, it may be the case
that the participants did log on to Facebook more frequently for
general usethan they did to post pregnancy-related information.
Furthermore, it is likely that pregnancy-related information is
shared on Facebook relatively infrequently because the salience
of theinformation isinfrequent. When thereis something novel
to post, pregnant women post it; however, such novel
information is likely to be a one-time occurrence or relatively
infrequent. In support of this explanation, two of the three most
commonly shared types of information by women in this study
reflected one-time occurrences (announcing the pregnancy and
sharing the fetus' sex).
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The findings of this research also showed that the women
voluntarily shared pregnancy-related information with a rather
select group of individuals, namely their friends and family on
Facebook. Overall, very few shared because of the expectations
of others, and few shared with individuals they did not know
(ie, friends of friends and everyone on Facebook). The most
common reasons for sharing the information fit the overall
category of sharing to involve others or share the excitement of
the pregnancy. By sharing information about their pregnancy,
unborn child, and preparations, they were providing others
accessto their pregnancy experience and enhancing connections
with others during their pregnancy in their role as an expectant
mother. Therefore, the findings appear to support researcher
assertions that social media use facilitates connection for
pregnant women [6,10], and Facebook specifically may provide
new parents opportunities to maintain social ties during the
transition to parenthood [6].

Aside from the aforementioned reasons, posting to gain advice
from others was the third most common reason for sharing
pregnancy-related information on Facebook, with one-third of
the sample reporting this reason. This finding corresponds to
previous research documenting the value of social mediaas an
information-gathering tool [7] and the practice of pregnant
women seeking information and advice through social media
[9-11]. Unfortunately, the actual content of the women'’s posts
to Facebook was not investigated in this study, thus leaving the
specific types of advice they were seeking unknown. However,
given that pregnancy symptoms were shared by over one-third
of the sample, it is possible that a portion of the advice they
sought was related to the symptomology of pregnancy, as well
asadvicerelated to the other types of information shared by the
women (ie, preparing for baby, complications, and birth plans).

Thefour types of pregnancy-related information most commonly
shared on Facebook by the women in this study were the
preghancy announcement, information about the progression
of the pregnancy, the sex of their unborn child, and ultrasound
photos. In genera, these findings support Johnson’'s [20]
assertion that Facebook provides expectant parents with
opportunities to announce their pregnancy and share images of
their unborn baby with others. In terms of specific findings,
69% of the pregnant women in this study reported they had
announced their preghancy via Facebook, whereas 39% reported
they had shared an ultrasound image of their unborn child on
Facebook. The latter finding coincides with previous research
inwhich sharing comments and photos of one'schild or children
was the most common activity carried out by parents on
Facebook [16]. Although the percentage of pregnant women
who shared an ultrasound imagein this study is lower than that
reported among new parents sharing photosin the Bartholomew
et al [6] study, the difference may be because of alack of access
to a quality ultrasound image, whereas new parents typically
accrue many photos of their newborn that are suitable and
available for sharing. Given that the study participants did not
report on their possession of ultrasound images, this explanation
is merely speculative. However, the Bartholomew et a [6]
finding that new parents reported uploading and posting more
pictures of their child during the postpartum period than they
did during the pregnancy lends support to this explanation.
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In general, the findings regarding sharing pregnancy-related
information on Facebook provide support for the family-building
capabilities of technology. Although past research indicated
that prenatal technology assisted with introducing an unborn
child asamember of the family and building an identity for the
unborn child in the family [17,19], our findings indicate that
social media also serves as a family-building tool during the
prenatal period. The pregnant women in this study voluntarily
shared information about their pregnancy and preparationswith
others to facilitate involvement in the pregnancy experience
and, most likely, to establish connections. In addition, the
women shared specific information about their unborn child on
Facebook, specifically the unborn child’'s sex and ultrasound
image. Thus, by way of sharing information, their unborn child
could establish an identity before birth, as previously suggested
by Johnson [20], among those who viewed the posts. In
particular, the image could allow others to explore the child’'s
physical features for family resemblance, while information
about the unborn child’s name, prenatal habits (ie, kicks), and
sex could facilitate the development of the child's role within
the family [19] and speculations about his or her future
personality, interests, and behaviors.

This is the first study to investigate the role of prenatal
attachment with respect to pregnant women sharing information
about their pregnancy on Facebook, with resultsindicating that
prenatal attachment is positively related to sharing
pregnancy-related information. To begin, results of correlational
analyses showed that prenatal attachment, in general, was
positively and significantly related to al aspects of sharing
pregnancy-related information, with the exception of sharing
because of expectations. Thus, pregnant women who were more
attached to their unborn child were more likely to voluntarily
post information related to their pregnancy or unborn child on
Facebook. More specifically, before controlling for other
variables, the preoccupation component of prenatal attachment
was significantly and positively associated with all aspects of
sharing, again with the exception of sharing because of others
expectations. This finding makes intuitive sense. One would
expect that a pregnant woman who possesses a stronger
attachment to her unborn child, meaning she spends more time
thinking about and has stronger feelings for her unborn child,
would post more pregnancy-related information on Facebook
than a pregnant woman who spends |ess time preoccupied with
her unborn child.

These findings may also beinterpreted in relation to the concept
of maternal identity or, more specificaly, maternal identify
confirmation. According to Allen and Hawkins, maternal
identity confirmation is the “desire for the external validation
of the maternal role” [45]. Recently, this concept was
investigated in relation to Facebook use among parents.
Specifically, Schoppe et al [46] found positive relationships
between maternal identity confirmation and aspects of Facebook
activity. In particular, women who sought more confirmation
of their maternal identity were more likely to post photos of
their child and to use their child’s photo as their own profile
picture on Facebook. Drawing on Schoppe et a’s findings, it
may be that salience of one’s maternal identity played arolein
the sharing of pregnancy-related information on Facebook in
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this study. More specifically, pregnant women for whom the
maternal identify was more salient may have posted more
pregnancy-rel ated information on Facebook to receive validation
of their maternal role and affirmation “that they are doing
motherhood (in this case, pregnancy) correctly and normatively”
[46].

Overdl, the findings of this study indicate that, when
considering the two subscales of attachment used in this study,
the strength, or preoccupation component, of prenatal attachment
is associated with more aspects of sharing pregnancy-related
information on Facebook than is the quality component of
prenatal attachment. Before controlling for other variables in
the regression analyses, the quality subscale was associated
with three aspects of sharing, whereas the preoccupation
subscale was associated with six aspects of sharing. More
specifically, after controlling for other variables, quality of
attachment, which involvesthe positive feelings the woman has
about her unborn child, was significantly associated with only
sharing to involve others or share the pregnancy. In contrast,
the strength or preoccupation component of prenatal attachment
was significantly associated with frequency of sharing, number
of types of information shared, number of groups with whom
information was shared, and sharing to get advice. The question
arises, “Why is strength of prenatal attachment significantly
related to these aspects of sharing when quality of the attachment
isnot?’ Obviously, a causal influence cannot be determined by
the methodology used in the study. However, the explanation
may be as simple as women who are more preoccupied with
their unborn child or pregnancy manifest that preoccupation by
sharing more types of information about their pregnancy more
frequently and with more people. In addition, their
preoccupation may involve anxiety about the pregnancy or
unborn child that, in turn, prompts them to seek advice,
validation, or reassurance on Facebook. Research on adult
attachment and Facebook activity may provide support for this
explanation in that adults who are more anxious about their
relationships (ie, anxiously attached) are more likely to post
about and seek visibility of their romantic relationships on
Facebook [47]. However, this evidence should be viewed with
caution, given that adult attachment and prenatal attachment
aredifferent constructs, astheformer focuses on the adult within
romantic and intimate relationships [48], whereas the latter
focuses on the adult’s thoughts, feelings, and behaviors toward
or about their unborn child and hence not within the context of
abidirectional relationship. That said, although one may argue
that the applicability of adult attachment research to this study
is questionable, it does shed some light on the potential role of
anxiety in posting of pregnancy-related information on
Facebook, particularly in relation to the strength or
preoccupation component of prenatal attachment.

Similarly, it may aso be that the pregnant women who were
more preoccupied with their unborn child possess a personality
trait, or other characteristic, that played arole in their sharing
behavior, aswell astheir tendency to be more preoccupied with
their unborn child. Neuroticism, which involves anxiety and
worry, is one such trait that may moderate the relationship
between prenatal attachment and sharing of pregnancy-related
information on Facebook. Although research on personality
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types and social media use during pregnancy is lacking, there
is evidence to suggest that the personality trait of neuroticism
ispositively related to Facebook activity among adults[49,50].
With respect to parenting, although Schoppe-Sullivan et al [46]
did not find significant relationships between personality types
and freguency of Facebook activity among parents, they did
find that parents who scored higher on neuroticism posted
pictures of their child sooner after the child’s birth. Therefore,
it could bethat pregnant women who are a so neurotic are more
preoccupied about their unborn child and, in turn, use Facebook
as a platform to solicit information, reassurance, and support.
Future research is needed to refute or support this potential
moderating effect.

Though not a specific focus of thisresearch, findings related to
the control variables are worthy of mention. Specificaly, inthe
regression analyses, weeks pregnant and age were significantly
associ ated with aspects of sharing pregnancy-related information
on Facebook. Age was negatively and significantly associated
with frequency of sharing, number of types of information
shared, number of groups with whom information was shared,
and sharing to involve others. These findings confirm prior
research that indicated a negative correl ation between Facebook
use and age among the general population and parents [4,2].
Furthermore, weeks pregnant, another control variable in this
study, was found to have a significant positive association with
aspects of sharing pregnancy-related information on Facebook.
Participants who were further along in their pregnancy shared
more types of information and were more likely to share to
involve others in the pregnancy. This finding is not surprising
given that, as the pregnancy progresses, there are more
opportunities and more types of pregnancy-related information
to share (ie, more frequent appointments, preparationsfor birth,
etc), and prenatal attachment has been shown to increase
throughout gestation [29,30]. Another worthy explanation may
involve Rothman’s [51] notion of the “tentative pregnancy” in
which women suspended attachment and excitement about their
pregnancy until they were assured of the viability and health of
thefetusthrough prenatal testing. In particular, and of relevance
to this study, the women interviewed by Rothman postponed
announcing their pregnancy until they received the results of
prenatal testing that confirmed the fetus health or their
continuation of their pregnancy. More recently, Ross [52]
asserted that the concept of “tentative pregnancy” could be
extended to pregnancy in general, not only to instances of
genetic testing. Thus, thewomen in this study may have delayed
or suspended posting about their pregnancy until they were
more assured of the health and viability of their pregnancy and
unborn child. Given that our society perceivesthefirst trimester
asaperiod of risk and many discourage announcing a pregnancy
during this period, it is worth noting the possibility that the
“tentative pregnancy” may have played arole in the women's
posting behavior and, subsequently, the findings of this study.
Thewomen did not report when they posted about the pregnancy
on Facebook; therefore, it is not possible to ascertain if this
explanation is accurate or fitting of the women in this study.
However, women in Ross research “engaged with the
convention of keeping news of their pregnancy secret during
its early stages’ [52]. Therefore, it seems plausible that the
women in this study succumbed to this practice as well.
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Limitations and Suggestions for Future Research

Despite its contributions to existing literature, this study was
not without limitations. To begin, the sample sizewasrel atively
smal and homogenous with regard to demographic
characteristics. This may have impacted the strength of the
relationships between the variables, while aso limiting the
generdizability of thefindings. Paid advertisementswere posted
to groups on Facebook, with target recipients representing
diverse demographics. Yet, the samplewas predominately white,
married, and college educated. The Facebook posts advertising
the study likely played a role in the homogenous sample
characteristics, as individuals may have subsequently shared
the post with friends and family who possessed similar
demographic characteristics. In addition, the pregnant women
who participated in the study were also a self-selected group
who may have possessed a stronger interest in or deterrence to
Facebook than the average pregnant woman. Future research
would benefit from utilizing additional recruitment methods
that are more enticing and accessible to a wider diversity of
individuals. In particular, face-to-face and nonsocial
media—related recruitment may reach a more diverse group of
women. In addition, overall participation and survey completion
may have been increased, resulting in a larger sample size, if
an incentive had been offered to participants who completed
the survey.

Aside from sample characteristics, there were additional
limitationsto this study which are worthy of note. Aspreviously
discussed, the women were not asked when they shared the
pregnancy-related information, nor were they asked where they
shared the information. Given that recruitment advertisements
were posted to group pages that focused on pregnancy, one can
assumethat some portion of the sample participated in Facebook
groups related to pregnancy. Although the women did indicate
who they shared the information with, the categories were not
specific enough to ascertain if theinformation they shared with
friends or everyone was shared on group pages or on their own
personal Facebook page or if Facebook group members fit
within their definition of friends for survey purposes. It would
be interesting to investigate if there are differencesin terms of
frequency, content, and rationale for posts of pregnancy-related
information to one’s own page versus those to group pages.
Such information would be useful to professionals as they seek
to incorporate social media within their services for pregnant
women.

Finally, the timing of data collection may represent alimitation
of the study. Participants were required to reflect upon their use
of Facebook during their pregnancy. Recall error may have
occurred when reporting how often, what types, and reasons
for sharing pregnancy-rel ated information on Facebook. Infact,
Moore and McElroy encouraged researchers to use “actual
Facebook data where possible and rely on survey data for
information that cannot be obtained objectively” [53]. In
addition to analyzing actual Facebook posts, an aternative
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method would involve requiring participants to record their
daily use of Facebook for sharing pregnancy-related information
through a Web-based portal or mobile app. These methods
would overcome the challenge of participants accurately
reflecting on their posting of pregnancy-related information on
Facebook.

Conclusions

The results of this study fill a gap in our knowledge about
pregnant women's use of Facebook to share information about
their pregnancy, as well as the role of prenatal attachment in
such sharing. Thefindings supplement previousresearch linking
prenatal attachment to healthy behaviors and self-care by also
showing a link between prenatal attachment and sharing
information about one's unborn child and pregnancy via social
media. Although one certainly cannot endorse or encourage
assessing prenatal attachment through Facebook posts, the
results of this study are valuable in terms of the additional
insight provided regarding associations between prenatal
attachment and maternal behaviors.

Perhaps equally, or more, important to our existing knowledge
are the descriptive findings of this study and their implications.
The pregnant women in this study used Facebook to share
pregnancy-related information for a variety of reasons,
demonstrating the use of the social media platform during
pregnancy for relational, supportive, and informational purposes.
In particular, the findings support the suggestion of
Bartholomew et a that “conceptions of new parents’ social
support networks need to be expanded to include the online
environment in addition to family, friends, and community
members that new parents may see face to face” [6]. To
maximize support networks, particularly for pregnant women
who lack proximal support, professionals should be cognizant
of the potential value of support garnered through social media.
Finally, given that pregnant women in this study sought
information and advice through Facebook, combined with the
fact that an abundance of inaccurate information isavailable on
the Internet and likely shared on social media, the current
research further legitimizes a need for professionals to utilize
Facebook and other socia media platforms to dispense
medically accurate information to pregnant women. In particular,
support and information may be delivered by medical
professional's through closed Facebook groups for patients to
“join” [13], Facebook pages that patients “like” to receive
medically accurate information and links to other credible
sources [6], and Facebook Live sessions that allow pregnant
women to interact with professionas in a “live
guestion-and-answer online forum” [10]. Overal, the findings
of this study lend merit to the use of Facebook by antenatal
medical professionals and educatorswho are seeking alternative
methods for providing information and fostering support among
pregnant women via social media in our technology-driven
society.
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Abstract

Background: Theinternet is now the primary source of information that young people use to get information on issues related
to sex, contraception, and sexually transmitted infections.

Objective: The goal of the research wasto review the scientific literature related to the use of Web 2.0 tools as opposed to other
strategies in the prevention of curable sexually transmitted diseases (STDs).

Methods: A scoping review was performed on the documentation indexed in the bibliographic databases MEDL INE, Cochrane
Library, Scopus, Cumulative Index to Nursing and Allied Health Literature, Web of Science, Literatura Latinoamericanay del
Caribe en Ciencias de la Salud, PsycINFO, Educational Resources Information Center, the databases of Centro Superior de
Investigaciones Cientificas in Spain, and the indice Bibliografico Espariol de Ciencias de la Salud from the first available date
according to the characteristics of each database until April 2017. The equation search was realized by means of the using of
descriptorstogether with the consultation of thefields of title register and summary with free terms. Bibliographies of the selected
papers were searched for additional articles.

Results: A total of 627 references were retrieved, of which 6 papers were selected after applying the inclusion and exclusion
criteria. The STDs studied were chlamydia, gonorrhea, and syphilis. The Web 2.0 tools used were Facebook, Twitter, Instagram,
and YouTube. The 6 papers used Web 2.0 in the promotion of STD detection.

Conclusions:  Web 2.0 tools have demonstrated a positive effect on the promotion of prevention strategies for STDs and can

help attract and link youth to campaigns related to sexual health. These tools can be combined with other interventions. In any
case, Web 2.0 and especially Facebook have all the potential to become essential instruments for public health.

(J Med Internet Res 2018;20(3):€113) doi:10.2196/jmir.8871

KEYWORDS
sexually transmitted diseases, bacterial; internet; webcasts; social media

education on the symptoms of these diseases, methods of
transmission, prevention, diagnosis, and treatment are main
measures of control [1].

Introduction

General measures of heath promotion and education are

fundamental in the prevention of sexually transmitted diseases  STDs have profound effects on sexual and reproductive health
(STDs), especially favorable strategies for safe sex. Health  worldwide and are among the 5 major categories for which
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adults seek health care. Every day more than 1 million people
contract a sexually transmitted infection. It is estimated that
annually, about 357 million people contract any of 4 curable
STDs: chlamydia (131 million), gonorrhea (78 million), syphilis
(5.6 million), or trichomoniasis (143 million) [2].

In the 21st century, the epidemiological evolution of STDs
cannot be understood without taking into account factors such
as globalization, migration, and the information and
communication technologies (ICTs) that have led to new
approaches in the study of their transmission and prevention
[3]. Asaresult, sex education must be addressed from all facets
of possible action making surethat theinformation iscomplete.
In this last aspect, neither school nor the family seems to be
sufficient [4]. The usual methods used in education for sexuality,
such as workshops and presentations, among others, play an
important role in the transfer of information; however, today's
young adult has different interests. In this regard, Jimenez [5]
states that “young people have a constant provision to the use
and management, contact and utilization of technological
gadgets; taking these to make them partakers of their life in
whatever place and moment required.”

Asfor health education, it is necessary that the content system
and messages related to the prevention reach young peoplein
the most informal and entertaining way, for which ICTswould
be very useful. It is well known that the dawn of Web 2.0
resources has provoked a substantive change in the
communication of knowledge, favoring its disclosure by
enabling the expansion and permeability of knowledge at avery
low cost. Web 2.0 has shown its integration in today’s
information society and, far from dwindling, increasingly has
more initiatives that enhance it, subsequently contributing to
the diffusion of the contents about health [6].

In Spain, in asurvey conducted by Doctoraliainternet in 2016
[7], young people between 18 and 24 years old were the most
prone to self-medication (41%), and 7% of them have made a
mistake by choosing a medication or searching for a solution
for their health problem on the internet. At the time, 69% of
this group sought information on the internet after being
diagnosed with a condition. One-quarter (26%) confessed to
having lied or hidden information from their doctor, doing so
because they didn't want to reveal some aspect of their intimacy,
they felt they had done something wrong to their health, or they
felt shame at the time of appointment or consultation, especially
with the urologist (21%).

Despite easy accessto health professionalsin specialized units,
many young girls get their information from friends and on the
Web; theinternet is now the primary source of information that
young people use to get information on issues related to sex,
contraception, and sexually transmitted infections[8]. The vast
majority of teenagers search on the internet because of its
anonymity without taking into account that not everything they
find will betrue[9].

Information can improve people's ability to recognize the
symptoms of STDs, increasing the chancesthat they will request
medical attention or encourage their partnersto do so [2].

http://www.jmir.org/2018/3/e113/
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In this context, the objective of this systematic review was to
evaluate studies that use the Web 2.0 in contrast with other
strategies to prevent curable STDs.

Methods

Datawere obtained from the following bibliographic databases
in the field of health science: MEDLINE (via PubMed),
Cochrane Library, Scopus, Cumulative Index to Nursing and
Allied Health Literature, Web of Science, Literatura
Latinoamericana y del Caribe en Ciencias de la Salud,
PsycINFO, Educational Resources Information Center, the
bibliographic databases of the Centro Superior de
Investigaciones Cientificas of Spain, and the Indice
Bibliogréafico Espafiol de Ciencias de la Salud.

I nformation Processing

Search terms were chosen from the thesaurus developed by the
US Nationa Library of Medicine (Medical Subject Headings
[MeSH] and title/abstract), and the final search syntax was
shaped by the Boolean intersection of 2 equations (equation 1
AND equation 2):

« Equation 1: (“internet”[MeSH] OR “ Social Media’ [MeSH]
OR “internet’[Title/Abstract] OR “World Wide
Web"[Title/Abstract] OR “WWW"[Title/Abstract] OR
“Web"[Title/Abstract] OR “Social Media’[Title/Abstract]
OR “Blog"[Title/Abstract] OR “Wikipedia’[ Title/Abstract]
OR “Wiki”[Title/Abstract] OR “YouTube”[Title/Abstract]
OR “Facebook” [Title/Abstract] OR
“Twitter"[Title/Abstract])

« Equation 2: (“Sexudly Transmitted Diseases,
Bacteria” [MeSH] OR “Trichomonas Infections’[MeSH]
OR “Bacterial Sexually Transmitted
Disease’[Title/Abstract] OR  “Sexualy Transmitted
Diseases, Bacterial”[Title/Abstract] OR  “Bacterid
STIs'[Title/Abstract] OR “Bacterial STDS'[Title/Abstract]
OR “Beacteriadl Venereal Disease’[Title/Abstract] OR
“Bacterial Sexually Transmitted Infection”[Title/Abstract]
OR “Venereal Diseases, Bacteria”[Title/Abstract] OR
“Chancroid’[Title/Abstract] OR  “Lymphogranuloma
Venereum” [Title/Abstract] OR “Trachoma' [ Title/Abstract]
OR  “Chlamydia’[Title/Abstract] OR  “Chlamydia
Infection”[Title/Abstract] OR “ Gonorrhed’ [ Title/Abstract]
OR  “Neisserid’[Title/Abstract] OR  “Granuloma
Inguinale’[Title/Abstract] OR “Granuloma
Venereum”[Title/Abstract] OR “Haemophilus ducreyi
"[Title/Abstract] OR “Donovanosis’[Title/Abstract] OR
“Syphilis’[Title/Abstract] OR “ Treponema’ [ Title/Abstract]

OR “Great Pox”[Title/Abstract] OR
“Chancre’[Title/Abstract] OR “Klebsiela
granulomatis”[Title/Abstract] OR

“Calymmatobacterium” [ Title/Abstract] OR “Mycoplasma

genitalium’[Title/Abstract] OR “Ureaplasma
urealyticum’[Title/Abstract] OR “Trichomonas
vaginalis'[Title/Abstract] OR “Trichomonas
Infection” [ Title/Abstract] OR “Trichomonas

vaginitis'[Title/Abstract])
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Thefinal search equation was developed for usein the database
MEDLINE, via PubMed, using the filters: “Humans’ and
“Comparative Study” or “Evaluation Studies.”

This strategy was adapted to the characteristics of each of the
rest of the databases consulted. The search was carried out from
the first available date according to the characteristics of each
database until April 2017 and was completed with the
consideration of the bibliographic listing of the itemsthat were
selected.

Final Selection of Papers

Papers were selected that met the following criteria (criteria of
inclusion): comply with the objectives of the search, published
in journals reviewed by peers, and written in English, Spanish,
Portuguese, French, or German. Papers that did not present
results about the advantages of Web 2.0 in relation to other
strategies for the prevention of curable STDs were excluded.

The sclection of the relevant papers was performed
independently by 2 authors (MSL and JSV). For inclusion of
the studies, it was established that the valuation of the
concordance between these authors (kappa index) must be
greater than .80. Provided this condition is fulfilled, possible
discrepancies were sol ved through consultation with the author
CWB and subsequent consensus among all the authors[10].

The quality of the selected documents was evaluated using the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines[11], which contain alist
of 22 essential items that must be described in the studies. For
each selected paper, 1 point was assigned for each present item
(not applicable=0). When an item addressed several issues,
these were eval uated independently, giving partial valueto each
one and averaging so that in no case could the value be more
than one.

Data Extraction

Control of the correctness of the data was performed using
double tables that allowed the detection of deviations and their
correction by revising the originals. The semiperiod of
Burton-Kebler (the median of age) and Price (percentage of
papers less than 5 years old) indices were calculated to
determine the relevance of papers. The studies were grouped
according to the variables to study in order to systematize and
facilitate the understanding of the results, considering the
following data: first author of the bibliographic reference and
year of publication, type of study, country and age of the
participants, curable STD discussed, Web 2.0 tool used in the
study, period in which the work was done, intervention carried
out, and results obtained.

http://www.jmir.org/2018/3/e113/

Sanz-Lorente et al

Results

A total of 627 references were retrieved, and 1 paper was
obtained from the bibliographic listings of relevant retrieved

papers.

After debugging the duplicates, applying inclusion and exclusion
criteria, and consulting the bibliographic lists (see Figure 1), 6
documents[12-17] were selected for review and critical analysis
(Multimedia Appendix 1). The calculation of kappa coefficient
gave a measure of agreement on the selection of the papers,
between evaluators, of .96 (P<.001).

The 6 selected papers presented an obsolescence, according to
the Burton-Kebler index, equal to 1 year, with a Price index of
100%. When assessing the quality of papers selected for review
using the STROBE questionnaire, scores ranged between 8.33
and 17.00, with amedian of 13.51 (Multimedia Appendix 2).

The revised works were 3 evaluation studies [12,15,16] and 3
comparative studies[13,14,17]; 5 devel oped in the United States
[12,14-17] and 1 in New Zealand [13]; al written in English.

All studies were developed in people aged 25 years or less
except Habet et al [14], which included participants up to 35
yearsold inits second phase. The curable STD targets of these
works were chlamydia [12,14,16,17], gonorrhea [12,14,17],
syphilis[12,13], and any STD [15].

The longest period of implementation of a promotion about
STD testing wasthe Get Yourself Tested (GY T) campaign [18]
through the Division of Sexually Transmitted Disease
Prevention, Centersfor Disease Control and Prevention (CDC),
observed in Friedman et a [15].

Facebook was the Web 2.0 tool used in the 6 papers, although
Dowshen et al [12] also used Twitter, Instagram, and YouTube
and Friedman et a [15] also used Twitter. The results of user
interactions were offered in 3 works: Dowshen et a [12] noted
approximately 6000 visits to Facebook and 128 likes, 46
followers on Twitter, 390 YouTube views, and 42 Instagram
followers; interaction datain Friedman et a [15] offered 4477
Facebook likes and 1994 Twitter followers; and Bull et al [17]
indicated on average 43 visits per week (range of 37 to 101).

The Dowshen et al [12], Coughlan et a [13], and Friedman et
al [15] papers determined the usefulness of Web 2.0 tools for
increasing awarenessin and implementation of screening. Jones
et al [16] and Bull et al [17] identified an increase in condom
use and positive changes in behavior among the participant
population as a result of the promotion campaign. On the
contrary, Habel et al [14] did not observe favorable differences
in relation to testing, indicating that it would have been a key
to the training and collaboration of health care personnel in
support of the campaign. The Dowshen et a [12] and Bull et al
[17] papers a so reported a reduction in positive cases.
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Figure 1. Identification and selection of studies.
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Discussion

Principal Findings

The results of thisreview show that Web 2.0 tools can be useful
in the prevention of curable STDs. The identification of just 6
publications is not surprising since an exploratory review on
the promoation of sexual health through social networks found
51 papers, mostly focusing on HIV infection; no assessment or
comparison with traditional methodswas performed. In addition,
the authors of this work pointed out that most of the efforts to
implement ICT in the promotion of STD prevention campaigns
had developed in HIV campaigns despite an increase in the
incidence of curable STDs[19].

On the other hand, the high number of nonrelevant papers was
mainly due to results obtained from the Web of Science and
Scopus databases, which do not have descriptor thesauri. Queries
are constructed by entering text in title, abstract, and keyword
fields. This high documentary noise has been observed in other
systematic reviews [20,21].

In the papers selected for review, validity and topicality were
verified. The data obtained indicate alower obsolescence than
has been observed in works previously published in the field

http://www.jmir.org/2018/3/e113/

of health sciences. Moreover, it isevident that the results derived
from the age of publication (measured by the median and Price
index) is a characteristic of an area of knowledge in full
emergence [22].

Thefact that the documentsincluded in the review werewritten
in English and came mostly from US ingtitutions was an
expected fact in line with the existing bibliometric results [23].

The age of the population included in the reviewed studies
coincides with the age group with greater incidence of STDs
[24]. Statistics of major international health agencies show that
young people are most affected by STDs, and these
consequences can affect the rest of their lives. The vast mgjority
declare being sexualy active and protect themselves from
pregnancy but not from STDs. In generd, they show little
knowledge of sexua transmission of infections, although they
know of the concept. Syphilisis considered a disease of other
people. Some knew about gonorrhea but most had not heard of
chlamydia and did not perceive themselvesto be at risk [25].

Young people say loneliness and abandonment are to blame for
the lack of information about their sexuality. Thus, the most
frequent source of information is friends, then the internet,
traditional media (especialy television), parents, and finally
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medical consultation. University organizations are rarely
mentioned, except for sporadic or very specific initiatives[26].

At the same time, of the curable STDs studied, chlamydia,
gonorrhea, and syphilis have the highest incidence and
prevalence[27], which isan an adequate representation of these
diseases.

The presence of Facebook in all the studiesreviewed islogical;
this Web 2.0 tool has been placed among the 3 most commonly
used in theworld and has already shown its potential for health
promotion [28,29]. As the CDC indicates, Facebook is a tool
of great potential for its use in different prevention programs
and health promotions [30].

In recent years, Facebook, YouTube, Twitter, and other Web
2.0 tools have become effective ways to expand the reach,
promote commitment, and increase access to messageson health
and prevention and treatment of STDs [30-32].

Little attention was given to user interaction. Only half of the
works described these data (visits, likes, followers, etc) and
none assessed them. These data could have provided interesting
results complementary to those that could had been obtained
through traditional systems of public health surveillance, asis
seen in the recent work of Gittleman et al [33]. The essence of
the user interaction with the materials of the Web 2.0 liesin
knowing the interest generated together with a wide range of
services enabling collaboration and fast exchange of information
among users of acommunity or socia network.

Users can communicate with the issuers of material and show
appreciation through a symbolic, easily understandable code (I
like/dislike) or even by emotional expressions (I loveit, | enjoy
it, it saddens me, etc) in an agile exchange of information
facilitated by the structure and design of the website. Research
shows that even low user interaction or passivity is something
attractive in the content consumer, probably by the distrust
generated by not knowing who ison the other side of the screen
or, simply, to avoid being observed (monitored) when they have
to register (give persona data) to be able to interact with the
Web tool [34].

The revised works focused their intervention on the awareness
and prevention of STDs, with particular emphasis on the
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promotion of screening. However, until now there has not been
much evidence about how theinformation on the Web influences
peopl€'s health behavior, which is necessary to deepen the study
of the usefulness of socia networks for the benefit of the
promotion of health [35]. Thus, Taggart et a [36] and Hochberg
et al [37], in 2 separate systematic reviews on HIV published
in 2015, pointed to the need for further research to determine
to what extent | CTs can influence the prevention of STDs. This
recommendation also appeared in al revised papers[12-17].

Limitations

A limitation of thisreview could be the low number of selected
papers because it is an area of emerging technological
application. It has been stated that systematic reviews should
be based on studies with design and selection that ensure greater
scientific rigor, but inthisanalysis, al retrieved papersfocusing
on the studied subject were included.

According to the US Agency for Health Research and Quality,
epidemiological designs of the studies selected in this review
do not guarantee full validity and reliability of the obtained
observations. However, the evidence available is probably the
best, given the difficulties of study in this area of research and
based on the observations obtained in the different interventions.
As aresult, while it would have been more interesting to have
a specific questionnaire, it was considered appropriate to use
the STROBE questionnaire to evaluate the quality of the studies.

Although the real limitations are due to the characteristic of
each study per se, from these limitations, important lessonsin
formulating appropriate actions for the development,
implementation, and evaluation of future Web 2.0 applications
can be extracted.

Conclusions

For all of these reasons, we conclude that Web 2.0 tools have
demonstrated a positive effect on the promotion of prevention
strategies for STDs and can help attract and link young people
to campaigns related to sexual health. These tools can even be
combined with other interventions. In any case, Web 2.0 tools,
especialy Facebook, have al the potential to become key
instruments in public health.

Characteristics and main findings of the studies selected for review.

[PDE File (Adobe PDF File), 36KB - jmir_v20i3e113 appl.pdf ]

Multimedia Appendix 2

Methodological quality of the studies based on the 22-point assessment from the Strengthening the Reporting of Observational

Studies in Epidemiology guideline.
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Abstract

Background: Although much research has been done investigating the roles of socia network sites (SNSs) in linking patients
and health professionals, thereisalack of information about their uses, benefits, and limitationsin connecting health professions
only for professional communication.

Objective: Thisreview aimed to examine the utilization of SNSsfor communication among health professionalsin (1) frontline
clinical practice, (2) professional networks, and (3) education and training to identify areas for future health communication
research.

Methods. Thisreview followed the Preferred Reporting Itemsfor Systematic Reviews and Meta-analyses guidelines. A systematic
search of the literature published in the last 10 years (January 1, 2007, to March 1, 2017) was performed in March 2017, using
the following electronic databases. MEDLINE via OvidSP, EMBASE, CINAHL Complete, and InfoSci-Journals. The searches
were conducted using the following defined search terms. “social media’ OR “socia network” OR “social network site” OR
“Facebook” OR “Twitter” OR “Linkedin” OR “Instagram” OR “Weibo” OR “Whatsapp” OR “Telegram” OR “WeChat” AND
“health” OR “health profession.”

Results: Of the 6977 papers retrieved, atotal of 33 studies were included in this review. They were exploratory in nature, and
the majority used surveys (n=25) and interviews (n=6). All retrieved studies stated that SN Ss enhanced effective communication
and information sharing. SNSswere used for supporting delivering of clinical services, making referrals, and sharing information.
They were beneficial to network building and professional collaboration. SNSswere novel toolsto enhance educational interactions
among peers, students, instructors, and preceptors. The application of SNSs came with restraintsin technical knowledge, concerns
on data protection, privacy and liability, issues in professionalism, and data protection.

Conclusions:  SNSs provide platforms facilitating efficient communication, interactions, and connections among health
professionalsin frontline clinical practice, professional networks, education, and training with limitationsidentified as technical
knowledge, professionalism, and risks of data protection. The evolving use of SNSs necessitates robust research to explore the
full potential and the relative effectiveness of SNSsin professional communication.

(J Med Internet Res 2018;20(3):€117) doi:10.2196/jmir.8382
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Introduction

Background

Social network sites (SNSs) are Web-based services that allow
individuals to construct a profile and build a network of
connections with other users within the system [1]. Since their
introduction, SNSs have become integrated into the daily
practices of millions of users. With the evolving technologies
in mobile-based platforms and apps, SNSs are currently
constructed as Web 2.0 Internet-based apps [2].

The world's current largest social network, Facebook, has
engaged more than 2.01 billion users worldwide [3,4]. Twitter,
with morethan 330 million of monthly active users, has become
essential to scientific conferences, gaining them publicity via
sharing real-time proceedingsor live-tweeting [5]. SNSsprovide
platforms for users to share their own content, react, or add
comments on the content posted by other users. They help
strangers to be connected based on their common interests,
activities, identities, or professions. LinkedIn, with more than
530 million members in over 200 countries and territories,
focuses on business connections and industry contacts for
employersand working professionals. It allows usersto enhance
their connectedness in their areas of expertise [6]. SNSs differ
from traditional broadcast mediain supporting networking by
information and communication technologies. WhatsApp
Messenger brings free, cross-platform communication beyond
text-only messages to more than 1 billion people in over 180
countries[7].

Availability and preferences of SNSs vary across countries.
Facebook is the top worldwide yet, in some countries, such as
Indonesia, Instagram has taken its place, and some African
territories prefer Linkedin [8]. In China, where some SNSsare
not available, QZoneisthetop socia network. VKontakte and
Odnoklassniki, which are both controlled by Russia's Mail.Ru
group, have also gained ground in Russian territories [8].

SNSs are widely used in health communication and research
[9] and provide platforms to the public to access health
information and to seek support if needed. A new dimension to
health care was created to enable the public, patients, and health
professionals to communicate about health issues and to give
them the possibility of improving health outcomes [10]. In a
meta-analysis, SNS interventions were found to be effectivein
changing hedlth behavior—related outcomes in which the
predominant health domain wasfitness related (eg, weight loss
and physical activity) [11]. Emerging evidence support using
SN Ssamong health professional sto develop virtual communities
for sharing domain knowledge [12].

Objective

Most current literature reviews have focused on the roles of
SNSs in linking patients and health professionals
[9,10,13].Nevertheless, there is alack of information about the
uses, benefits, and limitations of SNSs in connecting health
professions only (excluding the involvement of patients). This
systematic review aims to examine the utilization of SNSs for
communication among health professionals in (1) frontline
clinical practice, (2) professional networks, and (3) education
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and training to identify important areas for health
communication research in the future. In the context of this
review, frontline clinical practice refers to the delivery and
operation of health services; professional networks refer to the
interactions and relationships of a professional nature rather
than personal interactions; and education and training are meant
to be the training of students and professional development in
the health carefield.

Methods

Search Strategy

This review followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines
[14]. A systematic search of the literature published in the last
10 years (January 1, 2007, to March 1, 2017) was performed in
March 2017, using the following electronic databases:
MEDLINE via OvidSP, EMBASE, CINAHL Complete, and
InfoSci Journals.

SNSsitself has not been defined as a medical subject headings
(MeSH) to optimizeretrieval of relevant papers, “ social media”’
(a2 MeSH term) is used in the search because SNSs are
considered as a subset of social media [9]. As the number of
SNSs being used rises continuously, the search terms were
limited to the top most frequently used ones [3]. The searches
were performed using the following search terms: “ socid media’
(aMeSH term) OR “social network” OR “socia network site”
OR “Facebook” OR “Twitter” OR “Linkedin” OR “Instagram”
OR “Weibo” OR “Whatsapp” OR “Telegram” OR “WeChat”
AND “health” (aMeSH term) OR “health profession” (aMeSH
term).

Initial screening of the studies, based on the information
contained in the titles and abstracts, was undertaken
independently by 2 reviewers. If a decision on inclusion or
exclusion could not be reached, the full text was retrieved. The
full texts of the shortlisted papers were then assessed
independently by 2 reviewers. The reference lists of relevant
papers were also screened for eligible papers. The reviewers
met to discuss studies for inclusion and to reach consensus. If
there was a discrepancy, athird reviewer was consulted.

Study Inclusion and Exclusion Criteria

This review included all study designs to identify the best
evidence available to address the research objective. Studies
were included in this review if they (1) focused primarily on
communication interactions between and among health
professionals about health issues using SNSs and (2) studied
the uses, benefits, or limitations of SNSs.

Studies were excluded from this review if they (1) were not in
English, (2) were reviews, reports, abstracts only, letters, or
commentaries, (3) focused primarily on the communication
between public or patients and health professionals, or for
personal uses, (4) described the use of SNSs primarily with a
marketing or advertising focus, (5) studied non-SNS types of
social media (eg, websites, short message service, emails,
hospital information systems, and electronic health record
systems), or (6) were not available asfull text in thefinal search.
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Data Extraction, Synthesis, and Evaluation

A computer-based form was created for data extraction. The
data collected included first author, year, country, study type,
number of participants, health profession(s) involved, type(s)
of SNSs, functions of the SNSs (eg, for education, datasharing,
continuous professional development), controls and their
characteristics (if applicable), and primary outcome measures
(and secondary outcome measuresif they were highly relevant).
The Critical Appraisal SkillsProgramme (CASP) appraisal tools
were used to evaluate the quality of the reviewed studies. They
can be used to critically appraise the evidence of awide variety
of settings and designs (eg, qualitative studies or studies using
mixed methods). Each CASP tool consists of 3 sections, and
each section isdesigned to assess different domains of aprimary
study (theinternal validity of theinstruments used in the primary
study, the results, and the relevance of the findings to practice)
[15,16]. The Quality Assessment Tool for Observational Cohort
and Cross-Sectional Studies developed by the National Heart,
Lung, and Blood Institute was used to evaluate the quality of
the quantitative studies[17]. Two reviewers assessed the quality
of the included studies independently. If necessary, a third
reviewer was involved in settling disagreements.

Ethics Approval and Consent to Participate

Thiswas a systematic review with no data collected from human
subjects. Ethical approval was not needed.

Results

Findings

Figure 1 shows the searching process and how the studies were
included in this review. The literature search retrieved 6977
papers. Their titles and abstracts were screened, and those that
did not meet the inclusion criteria were removed. Duplicated
titleswere al so removed. Full texts of 210 paperswere assessed
for eigibility. A total of 33 studieswerefinaly includedin this
review. Details of the studies, including study design, study
objective, health professional s involved, measurements, SNSs
evaluated, and conclusions, are summarized in Multimedia
Appendix 1. The studies (n=177) that were excluded are shown
in Multimedia Appendix 2, along with the reasons for their
exclusion.

Characteristics of the Reviewed Studies

Among the 33 included studies, more than half of the reviewed
studies (n=19) were published in recent 2 to 3 years (between
2015 and 2017). The studies were conducted in 11 countries,
the majority being based in the United Kingdom (n=9), the
United States (n=12), and Canada (n=4). Other countries with
one study included were Australia, China, France, Israel, Saudi
Arabia, Maaysia, Singapore, and Turkey (Multimedia A ppendix
1). Participantsin the reviewed studies were from diverse health
professions (Table 1). On many occasions, morethan one health
profession was involved in the studies evaluating the use of
SNSsin clinical practice. Two studies were conducted in large
multidisciplinary communities of practice [18,19]. Physicians,
including medical and surgical doctors, were involved in about
two-thirds of the studies (n=19). Students and trainees were
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involved in 7 studies in which the uses of SNSs in education
and training were evaluated [20-26].

Assessing the Quality of the Studies

Overdll, the quality of studies was satisfactory. Most of the
reviewed studies met the criteria in checklists (Multimedia
Appendix 3). All studies were exploratory in nature, and the
findings were often descriptive. Among the 33 studies, 12 were
guantitative[20,21,27-36], 5 qualitative [18,37-40], and 16 used
mixed methods [19,22-26,41-50].

No randomized clinical trials (RCTs) were included in this
review. No head-to-head comparisons of the relative
effectiveness of SNSs could be identified. Researchers often
used more than one approach in examining the roles of SNSs
and their outcomes. Most studies used surveys (n=25)
[19-23,25-36,42-45,47-50]. The questionnaires adopted in the
surveyswere mostly developed by the researchers. No validated
scale was used for surveying the use of SNSs among health
professionals. Therefore, conducting a meta-analysis was not
possiblein thisreview.

In most of the mixed methods studies, researchers conducted
surveys and then analyzed the messages (or communication) in
the SNSs. Thismethod iscalled “ content analysis.” Researchers
also analyzed the characteristics of SNS users and the context
of their communications and SNSs metrics, such asthe number
of messages, posts, tweets, likes, and followers. Five studies
conducted one-on-one interviews [24,37,39,41,46], and one
used focus group interviews [44]. Thematic analysis was used
in these studies, with key themes being identified from the
content of the communications (eg, WhatsApp messages) and
user comments.

Uses and Benefits of Social Network Sites for
Professional Communication

The 33included studiesinvolved arange of SNSs. In 11 studies,
the authors conducted cross-sectional surveys or interviews to
examine participants’ utilization of any types of social media
and SNSs in the broad sense, without concentrating on any
particular type of SNS. Among the rest of papers, the most
reported SNSs are Twitter, Facebook, WhatsApp Messenger,
and LinkedlIn. Table 2 describes the types of SNSs studied. All
the studies investigating the use of Twitter and Facebook were
conducted in North Americaand the United Kingdom, and those
studying WhatsApp Messenger were based in the United
Kingdom, the Middle East, and Asia(Multimedia Appendix 1).
The one evaluating Sina Weibo was based in China.

Predictors of use of SNSsfor professional purposes were often
examined by researchers. The positive predictors identified
include younger age (20-39 years), fewer years of professional
experience (0-10), and lower rank, such as residents and
nonconsultants [36,44,48,50]. All retrieved studies stated that
SNSs enhanced effective communication and information
sharing among health professionals. Participantsin thereviewed
studies appreciated SNSs as user-friendly, free, and fast tools
for communication [24,31,38,45]. The utilization and benefits
of SNSsfor communication among health professionalsin (1)
frontline clinical practice, (2) professional networks, and (3)
education and training are examined in thefollowing paragraphs.
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Figurel. Literature search following Preferred Reporting Itemsfor Systematic Reviews and Meta-analyses (PRISMA) guidelines. SNS: social network

site.
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Table 1. Types of health professionsincluded in the reviewed studies.

Chan & Leung

Health profession

Number of studies®

Medical (physicians, specialists, surgeons, and medical students)
Pharmacy (pharmacists, pharmacy students, and faculty)
Nursing (nurses and student nurses)

Multidisciplinary community of practice

Forensic occupational therapy

Public health

Radiology

20

= = I - )

8A study could include more than one type of health profession.

Table 2. Typesof social network sites.

Tool or app

Number of studies?

Twitter

Facebook

WhatsApp

LinkedIn

Sina Weibo

Yahoo online discussion group
Web 2.0 (tools not specified)

Any types of socia media or network site

8
7
6
2
1
1
1

11

3More than 1 social network site was involved in some studies.

Uses and Benefits of Frontline Clinical Practice

In the delivery and operation of health services, SNSs are used
as channels for communication within clinica teams
[27,43,46,49], for seeking clinical consultation or making
referralsto consultants or specialists[30,38], for disseminating
clinical guidelines, and for promoting awareness of the
guidelinesamong practitioners[32]. WhatsA pp M essenger was
used when instant responses and actions were required within
theframework of the sameinstitute[27,38,46,49]. Inamultisite
family hedth team involving many members scattered
throughout a territory, Facebook was selected as a tool for
communication, collaboration, and informa knowledge
exchange [43].

The key benefit was that SNSs being the convenient and
efficient channelsfor information sharing had no restriction by
locations or office hours. They were effective in creating a
complex, longitudinal stream of information and multimedia
files[19]. Photographic and diagnostic images, text messages,
videos, and voice messages (eg, rhythm sounds in the monitor
worn by patients) were easily shared via WhatsApp messages
[27,30,38,46,49]. SNSs allowed the sharing of messages with
multiple recipients, which shortened the time for processing.
In Wani et a’s study (2013), participating physicians and
consultants commented that WhatsApp Messenger was a fast
and effective method for the team to evaluate patients and to
complete academic endorsement [49]. It was also claimed that
it helped to flatten the hierarchy within a clinical team [46].

http://www.jmir.org/2018/3/e117/

Johnston et a (2015) and Wani et a (2013) noted that WhatsApp
Messenger continued to be the communication system used
within the teams after the completion of studies [46,49].

Uses and Benefits of Professional Networks

SNSs were used to build and strengthen interactions and
relationships of a professional nature. They facilitated
connections and collaborations among practitioners of the same
health profession [30]. SNS users can strategically search for
and join groups of their communities or common interests, such
as professions and research areas, that enhanced network
building among health professionals of diverse backgrounds
but with the same interests, connecting them beyond the scope
of their usual practices[18,45].

For instance, the formation of impressive networks among
Twitter #hcsmca community members not constrained by
professional status was revealed in the socia network analysis
performed by Gruzd and Haythornthwaite (2013) [18]. In Goff
et a’s study (2016), the Twitter group engaged plentiful
professionalsinterested in infectious diseases and antimicrobial
stewardship topics [42]. The Linkedin group, “Hand Surgery
International,” demonstrated aremarkable gainin membership,
upto 4106 in 4 years. The building of thiscommunity of practice
took place beyond geographical limitations [45].

The establishment of professional networking and making new
contacts was one of the most favorable benefits brought by
SNSs [28,37,45]. Professionals can also create a professional
online presence, increasing the number of their followers and
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having agreater impact on readership and content dissemination
[29]. Users have a high level of control over the content that
they read, listen to, watch, and follow. Among the interviewees
in Benetoli et al’s exploratory study (2016), Facebook was
preferred over other SNSsfor professional purposes because of
its popularity, simplicity, and versatility [37].

Uses and Benefits of Education and Training

SNSs were used as novel tools for teaching, learning, and
enhancing educational interactions among peers, students,
instructors, and preceptors [20-23,25,26,47]. Twitter and
Facebook were used in course assignments and projects. They
were found to be useful, straightforward educational tools to
supplement and enhance students learning experience
[20,21,25]. The tility, feasibility, and acceptability of
WhatsApp Messenger in supplementing “problem-based
learning” was clearly indicated in the study by Raiman et al
(2017) [24]. When used to support teaching and |earning, SNSs
encouraged interactivity in both peer and academic support
[22,23,26]. The applications fostered a positive social
atmosphere, generating learning opportunities outside the
classroom [24]. They enhanced the construction of students
own learning and the continuation of their engagement in
development [20]. Reames et al (2016) concluded that SNSs
positively influenced the educational experience and engagement
of students [25].

Health professionals can stay abreast of news and information
pertaining to their professional interests by following or
subscribing to updatesin SNSs[21,28,29,33]. For instance, the
latest clinical information and real-time surveillance dataon an
infectious outbreak could be released ahead of peer-reviewed
published papers [42]. Facebook and Twitter aided promoting
professional development [41,42,50] and also facilitated
outreach from a scientific conference, alowing active
participation via communication during the conference [19].

Limitations of Social Network Sites for Professional
Communication

Some drawbacks come with the utilization of SNSs. How to
operate the SNSs smoothly was a challenge to some health
professionals [28,29,36]. In Nikiphorou et a’s study (2016),
30% of non—social mediausersjustified not using SNSs because
of lack of knowledge on how to do so [29]. Patel et al (2017)
also pointed to unfamiliarity with the technical aspects of SNSs
as one of the obstacles to their utilization.

Hesitations on the use of SNSs included concerns regarding
data protection, patient privacy, and liability [28,29,43,44]. In
a survey, more than half of the respondents were uncertain
regarding the procedures or mechanisms for archiving or
backing up data [30]. Although WhatsApp Messenger was
successfully integrated into the operations of clinical teams,
members were concerned that WhatsApp conversations could
be regarded as medical records [49]. Fuoco and Leveridge
(2015) raised the controversy of whether medical regulatory
bodies should monitor the social media activities of health
professionals [31]. Nonetheless, whether there was any
ingtitutional policy regarding transfer of personal medical
information by SNSs was seldom mentioned in studies.
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The border between the professional and personal spheres of
SNS use was blurred to many health professionals [39].
Exposure of one's private life was one of the risks of using
SNSsthat contain detailed personal profile[22,29]. Some health
professionals had concerns over the stigma of unprofessionalism
and a negative impact on their reputation from the use of SNSs
[28,29]. Academic faculty members worried whether being
“friended” on Facebook or “followed” on Twitter would blur
the boundaries of the instructor-student relationship [33]. On
the other side, students said that they felt revision anxiety
because their module leaders could read about their personal
lives on Facebook [22]. SNSs often provide instant messaging
functions. Concerns about the intrusiveness and pushiness of
messages, particularly after office hours, were raised by
members of clinical teams that used WhatsApp Messengers
[24,38].

The implementation of SNSswas not found to be beneficial or
effective to participants in all the reviewed studies. Although
more than 80% of students agreed that the Sina\Weibo improved
communication, one-fourth felt that collaborative learning was
not effective [26]. Reluctant participation was observed in the
use of Twitter designed for enhancing the educational experience
of a clerkship. Only 8% of respondents (5 of 62) agreed that
Twitter could increase their clerkship engagement [25]. It was
proposed that the reluctance was due to the one-way flow of
information. In Maisonneuve et a’s study (2015), participants
checked (or read) SN'S content more often than they posted, and
the exchanges on SNSs were limited [39]. Gruzd and
Haythornthwaite (2013) concluded that |eadership and members
participation were crucial for the effectiveness of online
networks[18].

Discussion

Principal Findings

The 33 included studies in this review provided evidence that
SNSs have been developed as useful platforms for
communication among health professionals with significant
benefitsin thefrontline clinical practice, professional networks,
and education and training.

Numerous benefits of using SNSs were identified. SNS users
in the reviewed studies considered SNSs as user-friendly,
easy-to-use, free, and fast tools for communication
[24,31,38,45]. Infrontline clinical practice, SNSswere efficient
in transferring a stream of information and multimedia files
instantly to multiple recipients. This highly facilitated the
communication among members of the service units or teams
[19,27,30,38,46,49]. In building professional networks, SNSs
connected professionals beyond the scope and geographical
locations of their usual practices [18,42,45]. Users were
benefited in making new contacts and expanding their networks
[28,37,45]. As tools for education and training, SNSs were
useful in generating learning opportunities and enhancing
interactions among peers, students, instructors, and preceptors
[20-23,25,26,47]. They aso promoted update of news and
professional development [21,28,29,33,41,42,50].
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The merit of SNSs in facilitating interactions, sharing of
information, and promoting connections among health
professionalsis well illustrated in this review. Compared with
the findings of the reviews that examined the uses of SNSs
between the public and health professionals, this review added
value by summarizing the benefits of SNSsin communication
among health professionals [9-11,51]. With the increasing use
of SNSs, there will be further opportunities to use this efficient
tool for professional communication.

In thisreview, the most reported SNSswere Twitter, Facebook,
WhatsA pp Messenger, and Linkedin. Twitter and Linkedin are
robust in expanding auser’s connection because users can easily
follow their targets without disclosing much private details or
requesting authorization [5,6]. Facebook is designed to share
one's personal profile with “friends’; hence, it may disclose
more personal details. It was best used when building and
strengthening a community among a group of known people,
such as members of the National Physicians Alliance [41], and
large cohorts of students [21]. WhatsApp Messenger was
apprai sed as an efficient and easy-to-use app for communication
in clinical teams or for linking up students and instructors
[24,27,30,38,46,49]. However, its use was constrained within
an established framework or agroup of recipients because users
mobile phone numbers must be sought to join a group.

The positive predictors of SNSsusesidentified by theincluded
studies were younger age, fewer years of professional
experience, and lower rank [36,44,48,50]. Other reviews on the
use of SNSs in health communication and education also
revealed that young people intend to use SNSs more than the
older ones [11,51]. This observation aligns with the current
profiles of SNS users such as 59% of active Facebook usersare
between the ages of 18 and 34 years [52]. It would warrant
research exploring how thisbatch of “ SNSs-competent” students
would influence health communication when they come into
practice in the near future.

In addition to the requirements on technical knowledge
[28,29,36], the uncertainties on data protection and liability
were also obstacles to the utilization of SNSs [28,29,43,44].
Moreover, the blurred border between the professional and
personal spheres[39] and therisk of exposing one's private life
imposed further hesitation on using SNSs[22,29].

As the growth of SNSs is expected to rise, health professions
should have a better understanding of how to attain secure and
appropriate use of these platforms. Formal training should be
provided to health professionals for the safe use of SNSs[33].
The American Medical Association recommendsthat physicians
consider separating personal and professional information
online, and they preserve professional boundaries when
interacting with patients [53]. In a survey involving clerkship
directorsin the United States, most respondentsfelt that afaculty
member accepting a friend request from a current student was
never or rarely appropriate [54]. Yet, guidance on
faculty-student or faculty-traineeinteractions, particularly when
SNSs are used as an educational tool, is often inadequate.
Academic faculty could find it confusing to maintain appropriate
boundaries in the instructor-student relationship [33].
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Those concerns over the possible stigmaand the negative impact
of reputation on the use of SNSs fall within the context of
e-professionalism. It is defined as the attitudes and behaviors
that reflect traditional professionalism paradigms but are
manifested through digital media[55,56]. E-professionalismis
an essential and increasingly important element of professional
identity formation [56]. Discussion on this topic helps to
preservetheintegrity of health professions, establish appropriate
boundaries, and protect the privacy of both patients and
professionals [57]. Unexpectedly, the relevant discussion was
limited in most of the studiesin thisreview. Evolving challenges
are expected with the emerging use of SN Ss; e-professionalism
should be included in the education of health professionals and
incorporated in ingtitute policy and staff training.

Although not much mentioned in theincluded papers, apractical
issue that should be given attention is how the SNS companies
manage, anayze, repurpose, or even disclose the data and
content of communication. According to the terms of service
of Facebook, Twitter, WhatsApp Messenger, and LinkedIn, the
companies reserve the right to collect, use, preserve, and share
users information if it is deemed reasonably necessary to
respond to legal process, government requests, or to enforcethe
companies terms and policies, and also under a list of other
situations[58-61]. Health service institutes and providers must
consider carefully inusing SNSsfor communicating confidential
datato avoid jeopardizing patient privacy.

GapsinthelLiteratureand Potential Areasfor Further
Research

In this review, the first key observation was the absence of an
RCT among the included studies. All studies were exploratory
in nature. The majority used surveys, content analysis, and
thematic analysis. This illustrated the early phase of research
in the field of professional use of SNSswhen researchers were
more concerned with describing health professionals’ behavior
and opinions rather than the effectiveness of SNSsitself. The
number of retrieved studies has risen considerably inthe last 5
years, and it is expected to see significant growth in the research
on SNSs soon. When this area of research advances further,
research design will likely progress to interventional study.
Some potential study designs are cross-sectional  study,
longitudinal study, and RCTs. It is worth mentioning that,
nowadays, many analytics tools for SNSs are being devel oped
in the market. Researchers can analyze straightforwardly how
the content and performances of SNSinterventions are affecting
the study outcomes.

Every SNSisuniquein design, interfaces, uses, and target users.
To compare the relative effectiveness of SNSs for
communication among health professionals, further research
with more robust methodologies such as RCTs would be
required. For instance, an RCT was conducted to investigate a
physical activity intervention with pedometers delivered via
Facebook app [62]. Another RCT was conducted to compare
interventions via the WhatsApp Messenger and the Facebook
socia group in preventing smoking relapse in quitters [63].

With the emerging use of SNSs, evolving challenges in the
context of e-professionalism are expected. Thistopic should be
covered in the education of health professionalsand incorporated
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ininstitute policy and staff training. Concerning the datapolicies
of the SNSs companies, institutes must consider carefully in
using SNSsfor sharing confidential data. Research investigating
the mechanisms of data protection and the potential risks in
sharing information in SNSs should be conducted to identify
suitable ways for safe use and maintenance of data.

Geographical locations may affect the generalization of findings
in research on SNSs. The availability, acceptability, and
popularity of SNSs vary across countries and populations.
Twitter, among the top 3 SNSs in the United States, ranked
ninth in Hong Kong, with only 10% of market share [64],
whereas QZone, the top SNS in China, may not be heard by
many Americans [8]. For higher applicability of findings to
local practice, research has to be done in the corresponding
location and jurisdiction. If published data are inadequate,
exploratory study designs such as cross-sectional survey,
preferably together with avalidation study, should be conducted
to explore health professionals perceptions, the barriers, and
usage patterns of SNSs in professional communication. This
helps to pave the way for research on more robust
methodol ogies.

An effective and sustainable online network is crucial for the
communication viaSNSs. Asdiscussed in the reviewed studies,
not all theimplementations of SNSswere found to be beneficial
or effective [25,26,39]. Research could be done to explore
strategies for designing and enhancing the usability of SNSsin
communication among health professionals.

Limitations of the Review

Theabsence of RCT coupled with the diverse and heterogeneous
designs of the included studies has made conducting a
meta-analysis unfeasible. Most studies were surveys and
interviews, and their measurements and findings were mostly
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descriptive and qualitative. In addition, the questionnaires
adopted in the surveys were mostly developed by the
researchers, where validation might not be done. There were
often some questions in common, such as asking respondents
to distinguish the use of SNSsfor personal or for professional
purposes. Yet, the definitions of personal versus professional
use of SNSs varied across studies. Without a well-stated
explanation of terms, questions were sometimes ambiguous,
for example, “How have you used or benefited from social
media professionally?’ [28].

The definitions of social media and SNSs could be unclear in
some earlier literature. This complicates the analysis of the
primary studies in this review. Another related limitation was
the keyword search. Theterm “social network site” has not been
added to the MeSH list in PubMed. This issue was addressed
by undertaking a series of searches using arange of keywords,
such asthe names of common SNSs. Neverthel ess, the searches
may not have captured all relevant publications. Research on
SNSsisgrowing so fast that evidence may have been published
in electronic media or platforms not indexed through the
academic databases. Thus, findings in this review are limited
to research published in traditional peer-reviewed journasonly.

Conclusions

SNSs provide platforms facilitating efficient communication
among health professionals in frontline clinical practice,
professional networks, and education and training.
Disseminating information, expanding professional connections,
and promoting interactions are the benefits observed. Yet, the
advantages come with limitations such as requirements on
technical knowledge, professionalism issues, and risks of data
protection. The evolving use of SNSs necessitates further robust
research to explore the full potential and relative effectiveness
of SNSsin professional communication.
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