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Abstract

Personalized health technology is a noisy new entrant to the health space, yet to make a significant impact on population health
but seemingly teeming with potential. Devices including wearable fitness trackers and healthy-living apps are designed to help
users quantify and improve their health behaviors. Although the ethical issues surrounding data privacy have received much
attention, little is being said about the impact on socioeconomic health inequalities. Populations who stand to benefit the most
from these technol ogies are unable to afford, access, or use them. This paper outlines the negative impact that these technol ogies
will have on inequalities unless their user base can be radically extended to include vulnerable populations. Frugal innovation

and public—private partnership are discussed as the major means for reaching this end.

(J Med I nternet Res 2016;18(5):€99) doi:10.2196/jmir.5357
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Introduction

Severd larger technology giantsand smaller upstartsare creating
personalized health technologies. Sensors, smartwatches, and
mobile health apps are strapped to wrists and placed in pockets
to monitor and help to modify health behaviors[1]. High-profile
devicesincludethe Fitbit, Jawbone, Microsoft Band, and Apple
smartwatch. While there is no widely agreed-upon definition,
personalized health technology generally refers to wearable
devicesthat monitor health-related activity and provide feedback
at the individual level, usually through a corresponding app or
minidisplay on the device. Current products track lifestyle
information such as steps walked, hours slept, and calories
consumed. Terabytes of data are analyzed to deliver
instantaneous and predictive insights to users. These
technol ogies contribute to the self-quantification movement and
to the consumerization of health.

PHTs that empower consumers to quantify health behaviors
could advance health for all populations. The modifiable risk
factorsthat are measured by these devices—including physical

http://www.jmir.org/2016/5/€99/
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activity and diet—are major drivers of noncommunicable
diseases. These conditions, including cardiovascular and lung
diseases, type 2 diabetes, and various cancers, are the leading
causes of death and disability worldwide [2]. They account for
an estimated 60% of all deaths and will cost the global economy
US $30 trillion by 2025[2,3].

Scientific evidence demonstrating the impact of personalized
health technologies on health is still emerging. This is partly
because rapid technological innovation isbeing driven by firms
responding to a market for these products, leaving academics
and cliniciansto play catch-up with health impact evaluations.
Early research suggests that the technologies can facilitate
changes in behaviors and reductions in disease risks, and that
the health impact is magnified when coupled with broader
engagement strategies [4-6]. Although noncommunicable
diseases disproportionately afflict disadvantaged groups|[2,7,8],
the uptake of personalized health technologies has been limited
to the educated, healthy, and wealthy [9-11]. Devices remain
largely unaffordable and inaccessible to lower-income
populations, and many lack the technological skillsrequired to
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modify their health behaviors using information delivered by
the technologies [12-14]. Until access is expanded to
nontraditional users, personalized health technologies will
continue to widen socioeconomic health inequitiesfor vulnerable
popul ations worldwide.

The Problem: Exacerbating Inequity

Inequities are often exacerbated in the shorter term when
innovative technol ogies enter the marketpl ace. Companies place
higher prices on new technologies to recover their original
investment in research and development. Over time, the power
of economies of scale and competitive forces push prices
downward: technologies eventualy become affordable to the
masses. As relatively new products, personalized health
technologies have served to widen inequities because only
affluent early adopters can afford their higher prices, while
marginalized populations remain excluded [10,15].

Personalized health technologies further exacerbate inequities
in the shorter term because early adopters are motivated and
health conscious[11]. Existing userstend to be highly educated
and possess the necessary technological skills to operate the
devices. They also have the linguistic and numeric capabilities
to process information in order to change behaviors. While
high-income earners possess these skills, vulnerable
populations—ol der adults, racial and ethnic minorities, poorly
educated individual s, and low-income earners—commonly lack
them [16]. Without adequate technological or hedlth literacy
skills, marginalized populations cannot actively engage with
personalized health technologies. These factors may widen
socioeconomic health inequities further in the short term [15].

How can gaps in the affordability and accessibility of
personalized health technol ogies be closed in the longer term?
According to Tudor Hart’s inverse care law, health products
and services are always used most by those who need them | east
[17]. As devices become more efficacious, advancements in
health will continue to disproportionately benefit the privileged.
Personalized health technology will not realizeits public health
potential in reducing the global burden of noncommunicable
diseases unless challenges associated with the affordability and
accessibility of personalized health technol ogies are proactively
mitigated.

The Solution: Frugal Innovation

Creative strategies are required to advance health for individuals
occupying lower rungs of the socioeconomic ladder. Innovating
for the bottom of the pyramid—the 3 billion people living on
less than US $2.50 a day—is not new [18]. In 2002, the
renowned management professor CK Prahalad proposed the
development of products and services for the bottom of the
pyramid. Prahalad realized that fortunes were being left on the
table as companies neglected to target the largest but poorest
socioeconomic population [19]. Since Prahalad’s writings,
innovating with a frugal innovation mindset has emerged to
target these previously marginalized consumers.

Frugal innovations are high-quality products created with limited
resources [20]. Innovating with a frugal innovation mindset

http://www.jmir.org/2016/5/€99/
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entails reducing the cost and complexity of products by
removing nonessential features to create “good enough”
products. Materials are repeatedly recycled to self-sustain the
company and the environment, while diverse external partners
such as universities and venture capitalists are often brought
together to maximize efficiencies. The needs and requirements
of end users in bottom-of-the-pyramid markets are central to
the development process.

This relatively new model has received widespread support
from socialy oriented enterprises and influential corporate
leadersalike. Unilever's Chief Executive Officer, Paul Polman,
wrote in the foreword of Radjou and colleague's book Frugal
Innovation that the“frugal ingenuity of devel oping nationswith
the advanced [research and development] capabilities of
advanced economies [can enable] companies to create
high-quality products and services that are affordable,
sustainable, and benefit humanity asawhole” [20]. IndraNooyi,
Chairperson and Chief Executive Officer of PepsiCo, further
contends that “frugal innovation is one of the most critical
emerging models of value creation for both businesses and the
customers they serve” [20].

Numerous companies have created products and services for
health using this approach [21,22]. General Electric has
developed an electrocardiograph machine that costs US $800
as opposed to US $2000 and has reduced the cost of an
electrocardiographic test to US $1 per person. Tata has
established the Tata Swach to purify water without running
water or electricity for US $20. The innovative Jaipur foot isa
prosthetic that costs lessthan US $45 [23]. A majority of these
innovations are widely used in developing as well as in
developed countries. They also enable developing countries to
leapfrog their developed country counterparts to provide
cost-effective innovations at scale.

Degspite the emergence of frugal innovations, challenges arise
that could hinder their broader uptake and use. Predicting what
consumers need and desire is relatively easier than actually
engaging them, particularly when the target group is a
marginalized population. In addition, balancing financial and
socid returnsto sell at scale while continuing to generate profits
isaubiquitousissuefor companiesengaged in frugal innovation.

It is aso important that emerging systems, tools, and
personalized health technology devices be subject to rigorous
technology assessments [24]. Established qualitative and
guantitative tools [25] can be used to evaluate performance
against arange of key performanceindicatorsthat extend beyond
health metrics to include reliability, integration with other
devices, cost, and data security [24].

Frugal Innovation and Personalized
Health Technology

A frugal innovation mindset can be applied to personalized
heal th technol ogi esto minimize socioeconomic health inequities.
Companies can engage end users in bottom-of-the-pyramid
markets to design, develop, and test the effectiveness of
personalized health technologies. There are several ongoing
pilot projects that use personalized health technologies to
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improve health outcomes in low-income populations [26-28].
Unfortunately, the majority of early personalized health
technology initiatives in low- and middle-income countries
tended to lack careful targeting, sustainable funding, robust
evaluation, and the ability to work at scale [29-31]. In addition
to these projects, more affordable personalized health
technologies and programs are emerging to benefit
bottom-of-the-pyramid markets, including the Xiaomi Mi Band
and United Nations Children's Fund (UNICEF) Kid Power
Bands. In arecent study, the Mi Band—sold in Asiaand priced
at lessthan US $20—outperformed more expensive competitors
in accurately monitoring vital signs and steps walked [32].
Another innovative example of frugal personalized health
technology that benefits low-income groups in both high- and
low-income countries is the UNICEF Kid Power Program.
UNICEF and the US retailer Target market the discounted Kid
Power Band (a wrist-worn activity-monitoring device) at
children in high-income countries with obesity problems. By
meeting physical activity goals, wearers earn points, recorded
on a parallel maobile app. Corporate sponsors trandate these
points into funding for childhood nutrition programs in
developing countries. To date, over 50,000 children have
engaged with the initiative, raising enough money to provide
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over a quarter of amillion UNICEF therapeutic food packets
for malnourished children [33].

Asevidencefor the effectiveness of these technol ogies mounts,
governmentswith legal and congtitutional obligationsto promote
the health of their citizens can subsidize the creation of
personalized health technologies and provide them through
state-funded programs. These measures will help to mitigate
the inequities that this disruptive technology is exacerbating.

Conclusion: A Call for Collective Action

Technologies are tools—they are designed by people and for
people. While personalized health technologies are pregnant
with potential, the extent to which they affect the health of all
populations remains limited. With the current user base, any
health benefits derived from using personalized health
technologies or future iterations will disproportionately accrue
to the affluent unless strategies are adopted to widen access
among disadvantaged groups. Intime, new businessmodelsare
likely to emerge that reduce costs, increase affordability, and
expand access. Until then, the combination of frugal innovation
with public and private sector action can leverage personalized
health technologies to advance global health responsibly,
sustainably, and equitably.
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Abstract

In October 2015, the “ Chinese American Physicians E-Hospital” celebrated its “grand opening” online. All physicians affiliated
with this E-Hospital are bilingual Chinese American physicians, who provide services ranging from initial teleconsulting to
international transfer and treatment in the United States. Such telemedicine platform for medical tourism not only saves the
patients from the hassles of identifying and connecting with an appropriate health service provider but a so minimizesthelanguage
and cultural barriers. As a growing number of patients from middle- and low-income countries travel to the United States (US)
for medical care, we face promising opportunities aswell as mounting challenges. The Centersfor Disease Control (CDC) in the
US has guidance for Americans seeking care overseas, but is not available for international patients seeking care in US. This
article opens a dialogue on the challenges associated with flourishing medical tourism and telemedicine, including quality
assessment, risk communication, ethical guidelines, and legal concerns.

(J Med I nternet Res 2016;18(5):115) doi:10.2196/jmir.5432

KEYWORDS
E-hospital; medical tourism; telemedicine; ethics

In October 2015, the“ Chinese American Physicians E-Hospital”
celebrated its “grand opening.” Designed specifically for the
Chinese population, this E-Hospital launched awebsite only in
Chinese and offers toll free numbers for Chinese patients in
both North Americaand Ching; it also provides online customer
service for Chinese people around the world. All physicians
affiliated with this E-Hospital are bilingual Chinese American
physicians, who are board certified in the US. These highly
qualified and culturally fit physicians provide initial
teleconsulting, joint consultation, and ultimately, international
transfer. This telemedicine platform for medical tourism not
only saves the patients from the hassles of identifying and
connecting with an appropriate heal th services provider but also
eliminates the language and cultural barriers.

Medical tourism is defined as traveling to a foreign country to
seek medical care. A 2013 online survey from US reported that
27% of patients had engaged in some form of medical tourism.

http://www.jmir.org/2016/5/e115/

The number of traveling patients and cost for medical tourism
has skyrocketed in the recent years, contributing to aflourishing
business of $439 billion [1]. Traditionally, medical tourists
travel from high-income countries to middle- and low-income
countries to seek comparable or identical care at alower price.
Countriessuch as China, India, Mexico, and Thailand havelong
been prominent destinations for Western medical tourists[2].

With a growing wealthy class in the middle-income countries
and rapid penetration of the Internet, the “one-way flow” of
medical tourists has been gradually replaced with “two-way
exchange” More and more patients from middle- and
low-income countries travel to the high-income countries for
better diagnostic capabilities, state-of-the-art medical
technologies, and advanced treatment options that may not be
availablein their home countries. The prominent hospitals like
the Mayo clinic, M.D. Anderson Cancer Center, and Cleveland
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Clinic are among the most sought-after clinics and hospitalsin
theUS.

A recent report revealed that the number of Chinese patients
seeking medical care in US has increased by 400% from 2004
to 2014, spurring a billion dollar business [3]. A new WHO
report showed that China's cancer incidence was in rise and
accounted for 21.8% of the global total of cancer diagnosesand
26.9% of world'stotal cancer deaths [4]. Currently, the 5-year
cancer survivor rate in Chinais about 30%, compared to 66%
in US. [5]; most clinical trials and new treatments are only
available in a selected number of renowned hospitals in US.
More than 70% of these Chinese patients seek oncological
treatmentsin US; they typically spend $100,000-$150,000 for
their medical trip and pay for their treatment with cash upfront
[3]. The aforementioned are the driving forces behind the
spurring medical tourismin US[6].

In the wake of high profit in medical tourism, many hospitals
areinvesting to make their services more visible and convenient
to their clientsfrom overseas, many hospital s have adepartment
dedicated to provide services to these international patients
[3,6]. As the US hospitals and health systems invest in
population health initiatives and commit to new payment models
that align incentivesfor keeping patients away from the hospital
and clinics, these medical tourists seemsto bealogical strategy
for keeping hospital beds filled with a new type of
fee-for-service customers. E-hospital certainly serves as an
efficient platform to attract more medical tourists, and we expect
to see more international patients in American hospitals.
Accompanying the promising opportunities are the mounting
challenges associated with growing number of medical tourists
inUS.

Thefirst challengeisalack of reliable assessment of healthcare
quality across borders, including a scale of price to outcome.
Increasing complexity of healthcare provision and skyrocketing
cost of medical care reguires more transparency in pricing and
standardization of quality assessment. For international patients,
a reliable assessment system comparable across borders is
especially needed. As Shaw advocated, we need to standardize
healthcare standards, and efforts are required in statutory
regulation, institutional licensing and accreditation, and
increasing transparency of healthcare pricing [7].

Second, there is insufficient communication on the risks
associated with medical tourism. The CDC has guidance for
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Americans seeking care overseas [8], but similar guidance is
not available to international patients seeking care in US.
Analysis of 91 medical tourism brokers websites in North
America found that most websites failed to report any
procedural, postoperative, or legal concerns associated with
their services [9]. Analysis of media discourses on medical
tourism indicated that risks were less communicated than
benefits [10]. Regulations on these medical tourism broker
services including E-Hospitals are lagging behind the rapid
development of telemedicine and are urgently needed.

Third, there are inadeguate policies on ethical concernsrelated
to clinical trials. International patients, traveling thousands of
miles to seek treatment in US, are often charged with full
emotion and high hope; many are recruited into clinical trials
for new but risky treatments[10]. How to address the language
and cultural barriers for these patients and how to ensure they
understand the potential risks associated with clinical trialshave
not been addressed in current rules and policies.

Fourth, growing legal concerns are associated with medical
tourists. Parallel to the growing number of medical tourists are
the more frequent reports of lawsuits associated with medial
tourism. Police aids of “maternity hotels’ targeting Chinese
women giving birth in U.S. and big-dollar lawsuits associated
with malpractice in treating international patients have often
made headlines. Some of these incidents were attributed to
limited communication of risks and survivor rates. Many “gray
zones” in medical tourism have not been addressed in our
current legislature but need immediate attention.

Rapid growth of medical tourism mirrors accelerative
globalization. As Crisp vividly describes “turning the world
upside down,” ubiquitous Internet access has enabled patients
around the world to seek the best care available and facilitates
efficient communication of medicine globally [11]. But how to
ensure the patient safety, quality of care, ethical issues, and
legal concerns remain inadequately addressed, for patients,
healthcare providers, and policy makers across borders. Data
arethe very foundation for the making evidence-based policies
and practices; but in our review of literature on medical tourism,
we found a dearth of such data. As we enter a new frontier of
telemedicine for the old business of medical tourism, we need
more research and dialogue on theissues and impact associated
with the evolving models of medical consumerism.
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Abstract

Background: Emerging technologies (ie, mobile phones, Internet) may be effective tools for promoting physical activity (PA).
However, few interventions have provided effective means to enhance social support through these platforms. Face-to-face
programs that use group dynamics-based principles of behavior change have been shown to be highly effective in enhancing
social support through promoting group cohesion and PA, but to date, no studies have examined their effects in Web-based
programs.

Objective: The aim wasto explore proof of concept and test the efficacy of a brief, online group dynamics-based intervention
on PA in acontrolled experiment. We expected that the impact of the intervention on PA would be moderated by perceptions of
cohesion and the partner’s degree of presence in the online media.

Methods: Participants (n=135) were randomized into same-sex dyads and randomly assigned to one of four experimental
conditions: standard social support (standard), group dynamics-based—high presence, group dynamics-based-ow presence, or
individual control. Participants performed two sets of planking exercises (pre-post). Between sets, participants in partnered
conditions interacted with a virtual partner using either a standard social support app or a group dynamics-based app (group
dynamics-based-ow presence and group dynamics-based—high presence), the latter of which they participated in a series of
online team-building exercises. Individual participants were given an equivalent rest period between sets. To increase presence
during the second set, participants in the group dynamics-based—high presence group saw a live video stream of their partner
exercising. Perceptions of cohesion were measured using a modified PA Group Environment Questionnaire. Physical activity
was calculated as the time persisted during set 2 after controlling for persistencein set 1.

Results: Perceptions of cohesion were higher in the group dynamics-based— ow presence (overall mean 5.81, SD 1.04) condition
compared to the standard (overall mean 5.04, SD 0.81) conditions (P=.006), but did not differ between group dynamics-based- ow
presence and group dynamics-based—high presence (overall mean 5.42, SD 1.07) conditions (P=.25). Physical activity washigher
in the high presence condition (mean 64.48, SD 20.19, P=.01) than all other conditions (mean 53.3, SD 17.35).

Conclusions: A brief, online group dynamics-based intervention may be an effective method of improving group cohesion in
virtual PA groups. However, it may be insufficient on its own to improve PA.

(J Med Internet Res 2016;18(4):e87) doi:10.2196/jmir.5342
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Introduction

Despite the broad health benefits of physical activity (PA) [1],
only approximately 5% of US citizens are actually meeting PA
recommendations [2]. The US Centersfor Disease Control and
Prevention haveidentified and advocate several evidence-based
approaches to promoting PA, including socia support-based
interventions [3]. Among social support-based interventions
are those that involve peer groups [4] and other group-based
approaches [5]. Meta-analysis data show that highly effective
group interventions are those that include group dynamics-based
activities [5]. Group dynamics-based interventions include
team-building activities (eg, group goal setting) to facilitate
group member interactions with the ultimate goal of enhancing
group cohesion [6]. In comparison to delivering interventions
to collections of people and individual-based PA programs,
group dynamics-based programs have been associated with
higher levels of moderate-to-vigorous physical activity (MVPA),
program adherence, and levels of socia interaction [5].
However, there exist several drawbacks to the group
dynamics-based approach to PA promotion—groups are often
required to meet in person, which may restrict participation due
to geographic location and requires participants to coordinate
meeting times amid busy schedules. Additionally, there is a
burden placed on staff and practitionersto manage and facilitate
the group activities. Thus, strategies that overcome these
challenges may help optimize group dynamics-based
interventions and free resources to allow for broader reach and
effectiveness.

One such strategy might involve the use of the Internet and, in
particular, virtual teams [7]. The Internet provides a unique
potential for a vast population of people, both sedentary and
active, to seek out health information and/or support for behavior
change. Additionally, Internet-based tools (eg, socia media)
can and should facilitate group interactions[8,9], thus decreasing
the burden of staff/practitioners. This potential has not gone
unnoticed because I nternet-based interventions are now being
used more often for promoting positive health behaviors, such
as PA [10-12]. However, although significant, the overall effects
of Internet-delivered interventions focusing on PA promotion
have been small [13] and are prone to a variety of drawbacks.
For example, participant attrition in Internet-based weight loss
programsistypically high (>25%) and those who adhere to the
programs often have reduced engagement over time[14]. Given
the effectiveness of group dynamics-based programs to impact
MVPA and enhance program adherence as well as the ability
of the Internet to overcome traditional barriers associated with
face-to-face interventions, a sensible strategy for improving
Internet-based interventions would be to translate group
dynamics-based practices into an Internet-based intervention.

In this study, we developed abrief, online group dynamics-based
PA intervention to lead users through a series of virtua
team-building activities. The app was designed according to
Carron and Spink’s [15] team-building model and targeted
several key aspects of cohesion development, including group
environment, group structure, and group processes. Because
many existing I nternet-based interventions include peer social
support components, we compared the effect of a group
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dynamics-based intervention with that of a common social
support app (ie, amoderated discussion board). We al so wished
to test for the effect of the intervention on known correlates and
mediators of PA, including enjoyment [16,17], perceived
exertion [18], and self-determined motivation [19,20].

The primary aim of this study wasto test the efficacy of abrief,
online group dynamics-based intervention in increasing PA.
The secondary aimswereto test the moderating effects of group
cohesion and the presence of a partner. We created and
randomized participantsinto one of four conditions (individual,
standard, group dynamics-basedlow presence, group
dynami cs-based-high presence) to test the following hypotheses:

1 Participants in a brief, group dynamics-based online
intervention (group dynamics-based-high presence, group
dynamics-based-ow presence) will be more physically
active than those in a standard social support intervention
(standard) after controlling for baseline PA.

2. Theimpact of theintervention on PA will be moderated by

perceptions  of group  cohesion (group
dynamics-based>standard).

3. Theimpact of the intervention on PA would be moderated
by the partners degree of presence (group
dynami cs-based-high presence>group dynamics-based- ow
presence).

Methods

Recruitment

Participants (N=135; 66 males, 69 females;, mean age 19.54,
SD 1.81 years) were recruited from an introductory level
kinesiology course a a large Midwestern university to
participate in asingle session of a 1-hour “video game” study.
Data were collected between March and December 2014. All
participants were screened for health risks using the PA
Readiness Questionnaire [21] and were awarded course credit
for the completion of the study. An aternate assignment for
credit was available for the students who did not participate in
the research study. Ethical approval for the study was granted
by the University’s Institutional Review Board (IRB #6318.1).
Design

Similar to previous studiestesting theimpact of group dynamics
on PA [22-24], we used a brief intervention in a laboratory
Setting to test our hypotheses. There are anumber of advantages
to this approach, including control of extraneous variables and
the ability to test the efficacy of the core features of an
intervention prototype at minimal financial and human cost.
The present study used arandomized 2 (gender) x 4 (condition)
x 2 (block) experimental design with repeated measures on the
last factor. Each block consisted of an identical series of five
planking exercises: front plank, side plank (left), one-leg plank
(left), side plank (right), and one-leg plank (right).

Participants were randomly selected from a participant pool and
asked to provide times and dates they were available to
participate. Participants were then, unknowingly, assigned to
same-sex dyads based on their availability. Dyad memberswere
scheduled to participate in the study concurrently. Individual
dyad members were sent to separate testing roomsto avoid any
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interactions outside of the experiment. Three individuals were
unable to be scheduled into a dyad; their results were included
in the individual condition. On arrival to the laboratory, dyads
were randomly assigned to a condition: individual (n=32, 16
dyads), standard socia support (n=34, 17 dyads), group
dynamics-based-ow presence (n=34, 17 dyads), or group

Figure 1. Flowchart of participant distribution.
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dynamics-based-high presence (n=32, 16 dyads) (Figure 1). In
the case that a dyad member failed to appear for their session,
the present member was told by the experimenter that “we are
experiencing technical difficulties and unable to run the trial
today” and was rescheduled for a future time dlot (n=17; 14
males, 3 females).

Participants
(N=135; 66 Male, 69 Female)

Randomization

Standard
(n=34; 16 Male, 18 Female)

Individual
(n=35; 18 Male, 17 Female)

Group dynamics-based
Low Presence
(n=34; 16 Male; 18 Female)

Group dynamics-based
High Presence
(n=32 16 Male, 16 Female)

Procedures

Participants arrived individually, signed an informed consent
form, and were instructed to sit in an isolated room—separated
from the experimenter and their partner—in front of acomputer
and began watching a video tutorial that included instructions
for their participation during the experiment. Participants were
giveninstructionsfor proper techniquefor a series of abdominal
planking exercises that they would be performing during the
experiment. A computer-generated trainer demonstrated the
exercises during both the instructional video and during each
block of exercise. Participants were instructed to hold each
planking exercisefor aslong asthey could without causing any
undue discomfort or pain to themselves.

To minimizetherisk of partners becoming aware of the other’s
proximity, all participants were instructed to wear a pair of
noise-canceling headphones for the full duration of the
experiment. The headphones doubled as speakers for the
computers. Participants were further instructed that if they
needed assistance or had questions they should use a chat box
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provided on their computer, which directly linked them to the
experimenter, in lieu of trying to verbally communicate.

Once participants completed the video tutorial, they were
instructed to sit on an exercise mat, wait for the virtual trainer
to start the exercise, and follow along with that trainer during
each exercise (block 1). Once both dyad members were ready
to begin, the experimenter initiated the virtual trainer and
participants completed the first series of exercisesindependently
and unaware of their partner. All participants performed the
planks in the same order with a short (40 sec) rest period
between each plank. During each planking exercise, participants
were shown a live stream video of themselves exercising,
allowing them to check their form against the virtual trainer.
This constituted the first block of exercises (block 1).

At the end of block 1, all participants were asked to return to
their computer and wait for further instructions. For participants
intheindividual condition, participantswere given a15-minute
rest period in which they were told the average duration they
held the planking exercises for, were asked to fill out a brief

JMed Internet Res 2016 | vol. 18 | iss. 4 [e87 | p.14
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

self-efficacy survey, and given generic reading materia to
occupy their time until block 2 began. In any of the partner
conditions (standard, group dynamics-based— ow presence, or
group dynamics-based—high presence), participants were
introduced to their partner through the Web app. Participants
in a group dynamics-based condition received the full group
dynamics-based app, whereas participants in the standard
condition received a modified version of the app that removed
the majority of team-building activitiesfound in thefull version.
The standard version of the app was intended to mimic the
featuresfound in standard social support apps (eg, adiscussion
board), where communication is limited to text chat and
minimally facilitated (eg, through prompts). In both versions,
participants were given the following team task: “The two of
you will be performing together as ateam. Your team'stask is
to hold the exercise for as long as possible. Your team’s time
will be the total number of seconds that your team holds the
exercises” Block 2 began following the completion of the group
dynamics-based app (when applicable) and a brief rest period.

For block 2, the individual condition followed the same
procedures as block 1 whereas the group dynamics-based— ow
presence and standard conditions foll owed the same procedures
as block 1 except they were now aware they had a partner and
were given the aforementioned team task. Participants in the
group dynamics-based—high presence condition followed the
same procedure asthe group dynamics-based- ow presence and
standard conditions; however, instead of seeing the live video
stream of themselves exercising, they were shown the live
stream of their partner instead (video streams were blurred to
protect participants’ confidentiality). This set of planking
exercises constituted the second and final block of exercises
(block 2).

Following block 2, all participants returned to their computers
to complete the final intrinsic motivation survey. Participants
in partnered conditions aso completed the cohesion
guestionnaire. Once completed, participants were thanked,
debriefed, asked to not discuss the study with their classmates,
and dismissed separately to avoid partners meeting each other
in person.

Table 1. Description of the OurSpace app.

Irwin et al

Group Dynamics-Based I ntervention Description

The group dynamics-based intervention was a theory-based
Web app (“OurSpace”) informed by Carron and Spink’s [15]
team-building model. The app included several team-building
activities to target different aspects of group dynamics, all of
which are evidence-based practices for promoting group
cohesion. We devel oped two versions of the app: afull version
that included all group dynamics-based activitiesand amodified
version that included only two activities (intended to mimic
traditional social support tools commonly found in
Internet-based interventions). In the full version of the app,
participants entered their personal information, including first
name (although their partner would see a pseudonym), gender,
year in school, career goals, and something interesting about
themselves, and selected an avatar from alist of generic preset
characters. On the following page, each participant was asked
to share something they struggled with during the exercises.
Partners then exchanged advice on how the other could
overcome their struggles (social support). Next, group
distinctiveness was established by having the partners vote on
and select ateam icon and team name. Next, partners worked
to solve a simple team-based puzzle together. Completion of
the puzzle required partnersto cooperatively control an onscreen
character using directional arrows. One dyad member was given
control of the character up/down movements, whereasthe other
controlled the right/left movement; coordination and cooperation
were required to complete the task. Partners then established a
group norm of what they believe the group’s expected effort
level should be, individually and collectively, agreeing on the
expected group effort value using a 1-10 scale. Finally,
individual positionswithin the group were established by telling
each dyad member how long they held each exercise and how
long their partner held each exercise during block 1. The
modified version of the app concluded after the social support
page (app descriptions can befound in Table 1). Thefull version
of the app was used by both group dynamics-based conditions,
the modified version was used by the standard condition, and
individuals did not use the app. Following the completion of
the online session, participants reported the task-predicted
performance survey and waited to begin the block 2 exercises.

Theoretical construct and app feature

Group dynamics-basedapp  Standard app

Group environment
Share personal information
Team name and icon
Group structure
Establish group exercise norms
Establish positions within group
Group process
Team-based puzzle
Social support

Prompts to provide and receive support

Yes Yes
Yes No
Yes No
Yes No
Yes No
Yes Yes
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M easures/Outcomes

Physical Activity

Physical activity was operationally defined as the amount of
time (in seconds) that participants persisted during block 2 after
controlling for individual differencesin ability and PA during
block 1. The summed mean of the time spent performing the
five planking exercises constituted a block score. Digital
stopwatches were used to measure time spent in each exercise.
Time was measured from the moment participants got into
position for the exercise until the participant quit the exercise.
The rest time between exercises was aso calculated. This
process was repeated for each plank exercise.

Perceptions of Cohesion

Participant’s perception of cohesion was measured using a
modified Physical Activity Group Environment Questionnaire
(PAGEQ) [25]. Origina PAGEQ questions were modified to
fit the context of the present study (eg, PAGEQ: “members of
our PA group often sociaize during exercisetime” was modified
to “members of our exercise group often socialized during time
spent onlineg”). Three items from the original PAGEQ items
were omitted from the modified version dueto lack of relevance
within this study.

The modified PAGEQ measured participants perceived
cohesion based on four dimensions: (1) attraction to group-task
(ie, “1 like the exercise done in this group”), (2) attraction to
group-socia (ie, “1 enjoyed my socia interactions within this
online exercise group”), (3) group integration-task (ie, “our
group is united in its beliefs about the benefits of the exercises
offered in this program”), and (4) group integration-social
(“members of our group would likely spend time together after
the program ends’). Consistent with the original PAGEQ, each
guestion was answered using a9-point Likert scale, (ie, 1=very
strongly disagree, 5=neither agree nor disagree, and 9=very
strongly agree) [18]. Cronbach alpha was used to determine
internal consistency reliability; scoresfor attraction to group-task
(Cronbach apha=.74), attraction to group-social (Cronbach
alpha=.85), group integration-task (Cronbach alpha=.80), and
group integration-socia (Cronbach alpha=.76) were deemed
acceptable.

Rating of Perceived Exertion

Ratings of perceived exertion (RPE) were measured using a
10-point RPE scale[26]. Scale measuresranged from 1 meaning
“no exertion at al” to 10 meaning “maximal exertion.”
Participants recorded their own RPES on a sheet provided to
them during the rest period immediately after completing each
planking exercise. Scoreswere cal culated as the mean reported
RPE for each block.

Task Enjoyment

Task enjoyment was measured using a short 8-item (Cronbach
alpha=.74) version of the PA Enjoyment Scale (PAES) [27,28].
Each item was rated on a 7-point bipolar scale beginning with
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the stem “ Please rate how you feel at the moment about the PA
you have been doing according to the following scales’ (eg,
1=l loved it; 7=I hated it). Previous studies have shown high
correlationswith thelonger 18-item scale (r=.94) [29] and strong
reliability (Cronbach alpha=.91) [30].

M otivation

M otivation was measured with the Situational Motivation Scale
(SIMS) [31]. The SIMS contained 16 items, which reflected
different reasons a participant might be motivated to participate
in the exercises. Each item was rated on a 7-point bipolar scale
beginning with the stem “Please indicate the answer that best
describes the reason why you are currently engaged in the
abdominal exercises you are performing. Answer each item
according to thefollowing scale” (eg, 1=corresponds not at al;
7=corresponds exactly). There were four subscales (4 items
each) based on Self-Determination Theory: amotivation
(Cronbach apha=.94), external regulation (Cronbach a pha=.95),
identified regulation (Cronbach alpha=.95), and intrinsic
motivation (Cronbach alpha=.93).

Sample Power

Anapriori power analysisfollowing F index recommendations
indicated that a sample size of n = 32 per condition would be
sufficient for detecting a moderate (F=0 . 25) effect with
probability >.80. Effect size was determined by apower analysis
based on the findings of similar studies [22,23] using G-power
software.

Statistical Analyses

Hypothesis Testing

To test the hypotheses that (1) participants using a group
dynamics-based app would have higher PA rates than those
using the standard app and that (2) PA rates of participantsusing
a group dynamics-based app would be moderated by levels of
presence, a4 (condition) x 2 (gender) ANCOVA was run with
block 1 PA, baseline self-efficacy, and measures of intrinsic
motivation as the covariates with block 2 PA as the dependent
variable. To test the hypothesis that cohesion moderates the
impact of PA rates a 3 (condition: al standard, group
dynamics-based-ow presence, group dynamics-based-high
presence) x 2 (gender) MANOVA with each subscale of the
modified PAGEQ as dependent variables.

Ancillary Analyses

The RPE (measured at the end of blocks 1 and 2) was analyzed
with a 2-way condition x gender ANCOVA with block 1 RPE
used as a covariate. Enjoyment (measured after block 2) was
analyzed with a 2-way condition x gender ANOVA.
Self-efficacy and all motivation subscal es (measured at basdline,
after block 1, and after block 2) were analyzed with separate
2-way condition x gender repeated measures ANCOVAS with
baseline measures used as covariates. All analyses were
conducted using SPSS 22 statistical software.
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Table 3. Group cohesion by condition.

Cohesion variable and condition vs comparison condition n Mean (SD)2? P

Attraction to group-task

Standard 34 5.71(1.37)
Group dynamics-based- ow presence .08
Group dynamics-based-high presence .39
Group dynamics-based—ow presence 34 6.40 (1.08)
Standard .08
Group dynamics-based—high presence .68
Group dynamics-based-high presence 32 6.13 (1.21)
Standard .39
Group dynamics-based-ow presence .68

Attraction to group-social

Standard 34 4.88 (1.19)
Group dynamics-based- ow presence .001
Group dynamics-based-high presence A7
Group dynamics-based—ow presence 34 6.06 (1.28)
Standard .001
Group dynamics-based—high presence 19
Group dynamics-based-high presence 32 5.48 (1.33)
Standard A7
Group dynamics-based-ow presence 19

Group integration-task

Standard 34 412 (1.18)
Group dynamics-based- ow presence <.001
Group dynamics-based-high presence .02
Group dynamics-based—ow presence 34 5.20 (1.04)
Standard <.001
Group dynamics-based—high presence 43
Group dynamics-based-high presence 32 4.86 (0.93)
Standard .02
Group dynamics-based-ow presence 43

Group integration-social

Standard 34 4.61 (1.64)
Group dynamics-based- ow presence .04
Group dynamics-based-high presence 48
Group dynamics-based—ow presence 34 5.46 (1.22)
Standard .04
Group dynamics-based—high presence 44
Group dynamics-based-high presence 32 5.02 (1.17)
Standard 48
Group dynamics-based-ow presence A4

3perceived cohesion scales ranged from 1t0 9.
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Results

Sample Population

Thetotal sample consisted of 135 college-aged participants (66
males, 69 females; age mean 19.54, SD 1.81). No participants
dropped out of the study before completing their sessions.

Preliminary Analyses

An intraclass correlation analysis was run to detect potential
agreement or “clustering” of PA and cohesion scores within
dyads. Results for perception of cohesion were analyzed
according Carron and colleagues [32] recommendations on
determining the degree to which perceptionswere shared within
groups (or “groupness’). Criteriafor detecting asmall groupness
effect was set at an intraclass correlation coefficient (ICC) of
greater than or equal to .40 for attraction to group-socia and
attraction to group-task and an ICC of greater than or equal to
.60 for group integration-social and group integration-task.
Under these criteria, there was no evidence of agroup clustering

Irwin et al

for perception of cohesion scores (attraction to group-task:
|CC=.258, P=.15; attraction to group-social: |CC=.088, P=.37;
group integration-social: ICC=.505, P=.008; group
integration-task: 1CC=.253, P=.16). Results of PA indicated
that scores were not clustered in dyads (1CC=.173, P=.08) for
any conditions (individual: 1CC=.268 P=.15; standard:
ICC=.067, P=.40; group dynamics-based-How presence:
ICC=-.088, P=.64; individual: 1CC=.341, P=.09). Thus, all
following analyses of PA and perceived cohesion were
conducted at the individual level.

Physical Activity

Physical activity was significantly greater in the group
dynamics-based-high presence condition than all other
conditions, (F3;5;= 3.75, P=.01). There were no other
significant differences between conditions. There was also a
gender main effect; males were more physically active than
females (F; 1,,=7.78, P=.006). Means of the analysis can be
found in Table 2.

Table 2. Physical activity measured as mean persistence by condition and gender.

Condition Overall Male? Female®
n Mean (SD) Range n Mean (SD) n Mean (SD)
Individual 35 50.56(18.43) 15.6-87.2 18  55.74(20.32) 17  45.07 (14.85)
Standard 34 54.98(17.12) 27.4-86.0 16 57.18(15.32) 18  53.03(18.80)
Group dynamics-based-ow press 34  54.36 (16.50) 22.0-110.8 16 60.48 (16.98) 18 48.93(14.41)
ence
Group dynamics-based-high pres-
ence 32 64.48(20.19)% 32.8-102.6 16 73.86(17.07) 16  55.09 (19.05)
agignificant at the P<.05 level.
Group Cohesion Discussion

There was significant main effect for condition (Fg15,=2.77,
P=.01). There were significant differences between conditions
in al dimensions of cohesion (P<.001 to P=.04), except for
attraction to group-task, (P=.06). Overall, where differences
existed, mean scores were higher in the group dynamics-based
conditions than the standard conditions. Specific differences
were identified using a Scheffe post hoc analysis and are
identified along with the means and standard deviationsin Table
3.

Ancillary Analyses

Therewere no significant differencesin RPE between conditions
(F312771.83, P=.14) or gender (F;,,,=0.30, P=.58), on
enjoyment between conditions (F3 1,;,=1.60, P=.19) or gender
(F112770.22, P=.64), or in motivation between conditions
(intrinsic motivation: F3 1,3=0.50, P=.01, identified regulation:
F3126=0.41, P=.74; externa regulation: F3,,,=0.49, P=.68;
amotivation: F3 1,6= 2.56, P=.06) or gender (intrinsic motivation:
F1,123=0.03, P<.001; identified regulation: F; 1,5=0.68, P=.41,
externa regulation: F; 15=0.50, P=.48; amotivation: Fy 15=0.13,
P=.72) over time.
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The primary aims of this study were to test the efficacy of a
brief, online group dynamics-based intervention to increase PA.
We al so examined the ahility of theintervention to impact group
cohesion and tested the moderating effect of presence. We
hypothesized that the group dynamics-based intervention would
impact group cohesion and that higher perceptions of cohesion
would be related to higher levels of PA. We also hypothesized
that participants who were more visually present to their partner
would be more physically active. Our hypotheseswere partialy
supported. Although groups were more physically active than
individuals; overall, the only intervention feature that impacted
PA was the degree of the partner’s presence. Individuals were
more active when their partner was virtually present during
exercise. Although theintervention impacted the group cohesion
mediating process, group cohesion was unrelated to PA.
Potential explanationsand implicationsfor research and practice
are discussed.

Principal Results

Physical Activity

The hypothesis that the brief, online group dynamics-based
intervention would impact PA was partially supported.
Participants receiving the group dynamics-based intervention
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were more physicaly active than those exercising alone and
those receiving aminimal social support intervention, but only
when one's partner was highly present. Further, although
participants were more active in the high presence condition,
our RPE data show that they did not perceive themselves to be
working any harder than those in the less physically active
conditions, suggesting that exercising with a highly present
virtual partner may help overcome barriers related to exercise
intensity [33]. Further, all measures of motivation were equal
across conditions, suggesting that exercising with a partner
under these conditions poses little risk for undermining one’'s
self-determined motivation for PA. Thisisan encouraging result
because self-determined motivation is correl ated with long-term
maintenance of PA behavior change [20].

Our finding that the intervention did not impact PA even though
we impacted the group cohesion mediator contradicts a large
body of evidence linking group dynamics-based interventions,
group cohesion, and PA [5,34]. However, there are a number
of notable differences between the conditions within our brief,
online group dynamics-based intervention for PA and previous
group dynamics-based interventions for PA, including mode of
delivery, dose of intervention, and the type of behavior targeted.
First, our intervention was delivered entirely online, whereas
previous group dynamics-based interventions have been
delivered either face-to-face or partially online [35]. A
completely online intervention has the obvious drawback of
limiting the amount of communication, presence, and
identifiability between participants, al of which are key factors
impacting group dynamics and subsequent performance and
PA. Despite our efforts in this intervention to enhance such
group processes through the Web-based app, they may have
failed to meet a minimum threshold for behavior change and
may rely on face-to-face interactions to impact PA.

Second, the current intervention targeted PA intensity and
duration, whereas many other group dynamics-based
interventions target frequency of PA and program adherence.
Participants in previous face-to-face group dynamics-based
interventions for PA may be more physically active as a result
of the intervention because of the intervention impact on
frequency of PA bouts and/or attendance at program-related
activities (ie, adherence) [5], not because they are more likely
to exercise longer or harder within bouts than nonadherers. To
date, research has not examined thisclaim. Third, theimportance
of the goal given to participants may have undermined their
motivation to be physically active. Self-selected goals have
been shown to lead to higher goal attainment and effort than
non-self-selected goals [33]. In our intervention, groups were
assigned the goal of holding the plank exercises for aslong as
they could. In previous group dynamics-based interventions,
groups typically have the ability to select their own PA goals
[35].

Group Cohesion

The second hypothesis that groups using the group
dynami cs-based app would report higher perceptionsof cohesion
compared to the standard social support app was supported.
Results showed that, with the exception of attraction to
group-task, perceptions of cohesion were higher for those who
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participated in the enhanced group dynamics-based intervention
compared to those in the comparison condition who only
received a minimal dose of social support. This finding is
consistent with past face-to-face group dynamics-based studies
in which the use of group dynamics-based principles has been
shown to improve perceptions of cohesion among groups [6].
Thisfinding isencouraging for online interventions with social
support components, suggesting that such components might
be fruitfully designed to impact group processes known to
mediate the impact of interventions on PA. Further, our data
suggest that impacting this mediator can be done rather swiftly,
considering the study consisted of a single 1-hour visit during
which only 7 to 9 minutes were spent using the group
dynamics-based app.

Partner Presence

The third hypothesis, that increased group member presence
would moderate PA, was supported. In fact, presence was the
only factor to impact PA, in addition to the provision of
performance feedback. This corroborates a large body of
research showing the impact of virtual presence on group
performance, including PA [36,37], but is the first to
demonstrate these effects within the context of an online group
dynamics-based intervention for PA.

Implications

Our data suggest that impacting cohesion in online groups is
feasible using a group dynamics-based app. More generally,
this study suggests that online peer-to-peer interactions can be
facilitated to impact group-level mediators of PA through
purposeful, theory-based design. Given the obstacles and
resources needed to implement and participate in face-to-face
group-based interventions, further research and optimization of
online group dynamics-based interventions such as this is
warranted. As mentioned, future research can and should test
the impact of an online group dynamics-based intervention on
PA over longer durations and bouts of exercise (ie, adherence)
and vary and test the dose of online versus face-to-face
interaction on PA outcomes.

Limitations

This study has several limitations. First, without astandard app
high-presence condition we cannot conclude with certainty
whether the higher levels of PA are attributable to the group
dynamics-based components, the heightened presence of one's
partner, or a synergistic effect of both. Indeed, higher levels of
online presence are associated with a variety of positive
outcomes (eg, increased productivity, fewer antisocial behaviors,
increased PA) and may be operating independently of group
cohesion. This is likely the case because presence was
manipulated only after participants had completed the
team-building activities, not during them, and that al dimensions
of cohesion were dightly higher in the group dynamics-based
low-presence condition than in the high-presence condition,
although these differenceswere nonsignificant. Futureresearch
would do well to untangle the impact of presencein online PA
interventions and whether group dynamics-based components
add valueto such interventions. Second, we used aconvenience
sample of college students recruited from an introductory level
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kinesiology course, who may be more used to and respond
differently to digital technology than other populations (eg,
adults, elderly). Further, thiswas abrief intervention conducted
in a laboratory with only one bout of exercise. Whether the
impact of thisintervention on cohesion and PA can be sustained
over time and across different real-world settings warrants
further study.

Conclusions

This study tested an online group dynamics-based intervention
to increase PA. Our brief intervention successfully impacted
the mediating process, group cohesion, but did not impact PA.

Irwin et al

In summary, online group dynamics-based apps may be a
practical resource that can be used to overcome traditional
barriers to utilizing group dynamics, such as the geographic
distance between partners and the burden of staff/practitioners
having to facilitate team-building exercises. In addition, this
study found that a group dynamics-based tool in an online
intervention may provide a more engaging social environment
for participants to interact in than those of a standard social
support app. Further study is needed to determine whether
incorporating group dynamics-based principles into PA
interventions of longer duration can impact cohesion and PA
in real-world settings.

Additionally, virtual presence of group members had no effect
on either perceptions of cohesion or PA.
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Abstract

Background: Mid-to-late adolescenceisacritica period for initiation of alcohol and drug problems, which can be reduced by
targeted brief motivational interventions. Web-based brief interventions have advantagesin terms of acceptability and accessibility
and have shown significant reductions of substance use among college students. However, the evidence is sparse among adol escents
with at-risk use of acohol and other drugs.

Objective: This study evaluated the effectiveness of atargeted and fully automated Web-based brief motivational intervention
with no face-to-face components on substance use among adol escents screened for at-risk substance usein four European countries.

Methods: In an open-access, purely Web-based randomized controlled trial, a convenience sample of adolescents aged 16-18
years from Sweden, Germany, Belgium, and the Czech Republic was recruited using online and offline methods and screened
onlinefor at-risk substance use using the CRAFFT (Car, Relax, Alone, Forget, Friends, Troubl€) screening instrument. Participants
were randomized to a single session brief motivational intervention group or an assessment-only control group but not blinded.
Primary outcome was differences in past month drinking measured by a self-reported AUDIT-C-based index score for drinking
frequency, quantity, and frequency of binge drinking with measures collected online at baseline and after 3 months. Secondary
outcomes were the AUDI T-C-based separate drinking indicators, illegal drug use, and polydrug use. All outcome analyses were
conducted with and without Expectation Maximization (EM) imputation of missing follow-up data.

Results: Intotal, 2673 adolescents were screened and 1449 (54.2%) participants were randomized to the intervention or control
group. After 3 months, 211 adolescents (14.5%) provided follow-up data. Compared to the control group, results from linear
mixed models revealed significant reductions in self-reported past-month drinking in favor of the intervention group in both the
non-imputed (P=.010) and the EM-imputed sample (P=.022). Secondary analyses revealed a significant effect on drinking
frequency (P=.037) and frequency of binge drinking (P=.044) in the non-imputation-based anal yses and drinking quantity (P=.021)
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when missing data were imputed. Analysesfor illegal drug use and polydrug use revealed no significant differences between the
study groups (Ps>.05).

Conclusions: Although the study is limited by alarge drop-out, significant between-group effects for alcohol use indicate that
targeted brief motivational intervention in a fully automated Web-based format can be effective to reduce drinking and lessen

existing substance use service barriers for at-risk drinking European adol escents.

Trial Registration:

International  Standard Randomized Controlled Tria Registry:

ISRCTN95538913;

http://mww.isrctn.com/ISRCTN95538913 (Archived by WebCite at http://www.webcitation.org/6X kuUUEWBX)

(J Med Internet Res 2016;18(5):€103) doi:10.2196/jmir.4643

KEYWORDS

substance use; adolescents; brief intervention; web-based intervention; motivational interviewing; randomized controlled tria

Introduction

Early misuse of alcohol and other drugsiswidespread in Europe
with higher prevalence compared to other regions in the world
such asthe United States[1, 2]. Although temporary substance
misuseisacommon and partly normative phenomenon in youth
development [3,4], adolescence is a critical period for the
development of addiction problems. This period is typical for
initiation, and rapid escalation of individual problematic
substance use patterns into clinically significant problems can
be observed among a substantial proportion of youth in Europe
[5, 6]. Early excessive drinking and combined use of alcohol
with other psychoactive substances (ie, polydrug use) are of
particular relevance [ 7-11] dueto the associated adverse effects
on physical, psychological, and social functioning that put youth
at a heightened risk for long-lasting disadvantages [12-14].

The widespread use of alcohol and other drugs suggests that
current capacities to prevent youth from initiating a cohol and
other drug use are limited [15, 16]. Prevention efforts should
therefore target at-risk youth with indicated preventive
interventions [17, 18]. Effective methods to prevent risky
substance use and addiction problemsarein principle available,
but existing health service provision is limited in accessibility
and acceptability [19, 20] with the result that interventions are
often provided too late and do not reach the majority of at-risk
subjects [21, 22].

Web-based intervention programs have been increasingly
acknowledged in their capacity to lessen existing service barriers
particularly for at-risk populations [23-25]. Moreover, fully
automatic delivery (ie, stand-alone or self-guided with no
clinician involvement) allow for standardized delivery and can
be disseminated cost-effectively at a large scale [24]. Due to
the high Internet access rates in contemporary societies and the
fact that youth typically use the Internet when searching for
information about alcohol and drugs and also are reluctant to
disclose acohol- and drug-related behavior in face-to-face
contacts, Web-based interventions hold promise for younger
populations [26, 27]. Evidence indicates that fully automated
brief motivational interventions can reduce drinking and rel ated
harmsfor emerging adult at-risk drinkers up to 12 months after
the intervention [28-31].

The literature on Web-based interventions for illegal drug use
isnot asdeveloped asit isfor alcohol, but arecent meta-analysis
(including 10 studies) suggests that overall the effects are

http://www.jmir.org/2016/5/€103/

somewhat smaller (g=0.16) compared to drinking (g=0.20-0.39)
but significant and (as for alcohol interventions) independent
of intervention venue (home vs research setting) and level of
guidance through the intervention [32-34].

Although previous studies that have proven the usefulness of
Web-based motivational interventionsto address substance use
and related problems mainly targeted emerging adults[35], the
motivationa methods that have been studied and found effective
are relevant for many risk factors in adolescence, such as their
susceptibility to peer influences [36-39]. Motivationa
interventions are based on the therapeutic style and techniques
put forward by Motivational Interviewing (MI) [40], which
makes a strong case for conceptual compatibility with
adolescent-specific needs for autonomy, subjective perceptions
of invulnerability to apparent health risks, and appraisa for
short-term benefits at the cost of possible long-term adverse
effects [17, 37, 38]. Although effects of M1 interventions for
alcohol misuse and applied techniques in brief interventions
such as normative feedback have recently been summarized as
rather small [41, 42], relevant previous studies have shown
favorableresultsfrom face-to-face [43, 44] aswell asWeb-based
MI-interventions among young adults [29-31]. However, studies
targeting mid-to-late adolescents (aged 16-18 years) arelacking
[45] despite the fact that thisisacritical period for establishing
problematic alcohol and other drug use [6, 46] and rapid
acceleration for first use of illegal drugs[47, 48].

The purpose of this study wastherefore to test the effectiveness
of afully automated Web-based brief M| in asample of at-risk
substance-using adolescents in four European countries. Our
primary hypothesis was that participants in the intervention
group would report significantly lower levels of past-month
drinking (frequency, quantity, and frequency of binge drinking)
at 3-month follow-up relative to baseline when compared to an
assessment-only control group. Additional hypotheses concerned
differencesin past-month illegal drug use and combined use of
alcohol and illegal drugs.

Methods

A two-armed multisite randomized controlled trial (RCT) design
was applied in Sweden, Belgium, the Czech Republic, and
Germany. Inclusion criteriawere being 16-18 years old, online
access, informed consent, and a positive screening for at-risk
substance use. Baseline assessment was collected at study entry
and a follow-up assessment was collected 3 months after
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baseline assessment. Figure 1 displays the trial design (see
Multimedia Appendix 1[49] for the CONSORT EHEALTH
checklist).

Five university research centersin Europe devel oped the purely
Web-based content of the WISEteens portal between June 2011
and March 2012. The T platform was established together with
GAIA AG, Hamburg. The landing page (see Figure 2) was
designed to create an appealing first impression using visual
material (eg, pictures, video). It described the main features of
the study by highlighting confidentiality, content and source
credibility, and provided a brief guided enrollment procedure
[50]. Key to developing the content was the integration of Ml
principles and techniques in a single session together with an
open-access delivery format applying adesign to match end-user
characteristicsand preferences. Furthermore, the content should
be acceptable, easy to use, and perceived as relevant by the
target group [50-53].

http://www.jmir.org/2016/5/€103/
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All material was devel oped in amultidisciplinary team including
expertsin clinical health promotion, devel opmental and clinical
psychology, and certified behaviora therapists. It was first
developed in English and then trand ated by professional offices
into the respective countries languages. The Web portal was
simultaneously launched in all four countriesin June 2012 with
recruitment until March 2013. Ethical approval was granted by
the responsible Ethics Committeesin all participating countries:
Chamber of Physicians Hamburg (Germany), Prague Psychiatric
Centre (Czech Republic), University Hospital of Antwerp and
the University of Antwerp (Belgium), and the Regional Ethics
Board in Stockholm (Sweden). The trial design was published
[54], and the study was registered in a public database. No
content or methodological modifications were made after trial
commencement.
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Figure 1. Participant flow.
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Figure 2. WISEteens landing page.
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Recruitment

We promoted the open-access WI SEteens|anding pageto recruit
aconvenience sample of potential participants using both online
and offline strategies. As offline strategies, we developed print
promotion materials (information leaflets and flyer cards) and
distributed them in schools, youth-clubs, cafés, bars, stores, and
adolescent specific events. We also used a three-fold online
recruitment strategy with high rank of our websites domainin
widely used search engines, advertisements via popular socia
media, and links on affiliated health promotion sites. To
motivate study participants and enhance follow-up rates, we
promoted and held a prize draw for tablet computers among
participants who provided follow-up assessment.

Procedure and Randomization

The participants were anonymous throughout the study. At the
first visit, they were asked to register, which required a user
name, email address, and a password that did not contain their
name. On the landing page, they could choose their respective
language flag for a different language than pre-defined by
browser options. After registration, respondents were screened
for at-risk substance use. Those fulfilling the inclusion criteria
then received study information including confidentiality,
voluntariness of participation, and data security, as well as
information about the randomi zati on protocol. Participantswere
not blinded to random all ocation. After informed online consent,
the baseline assessment was compl eted, including those items
that form the base for tail oring intervention content. Participants

http://www.jmir.org/2016/5/€103/
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hen Alkchol-Coach

um Beisprel auf 1 Par

in the intervention condition received a login code to enable
exit and reentrance. Randomization was generated
automatically by an online computer program without
gtratification. The envisioned number of participants was
sufficient to ensure randomization integrity and alikely balanced
distribution among the two parallel groups[55].

Screening

An adapted version of the 6-item CRAFFT (Car, Relax, Alone,
Forget, Friends, Trouble) tool was used to screen for at-risk use
of alcohol and other drugs (see Multimedia Appendix 2). This
tool has proven criterion validity compared to other screening
tools [56] and is recommended for identification of at-risk
adolescents [17]. A CRAFFT score with at least two positive
items was the criterion for study inclusion [57].

Intervention

The WISEteens intervention relied on an interactive system to
generate individually tailored content. All system-generated
information was presented in small units that combined text
and graphics (eg, photos and illustrative drawings) and directly
referred to the participant’s statements assessed in thefirst place
(eg, substance use, sex, weight, perceptions of normative
drinking). Navigation through the program was designed as a
dialogue between the user and avirtual expert with “ gates’ (ie,
choice options) at the end of each pageto permit varying degrees
of approval or disapproval with page content. The system used
these responses to introduce subsequent content on the next

page.
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Intervention content, dialogue tone, and style was based on Ml
[40] and consisted of the following 6 components (see
Multimedia Appendix 3 for screenshots), with the first three
applying to acohol but not illegal drug use and polydrug use:
(1) feedback for individual drinking patterns with information
on associated health and developmental risks, (2) normative
feedback to descriptive drinking norms about sex- and
age-matched peer drinking levels using graphed comparative
information, (3) feedback for blood a cohol concentration (BAC)
and associated health and other risks (ie, traffic crash,
unintended sex) for the peak drinking episode in the last 2
weeks, (4) importance and confidence rulers with a short
summary and feedback to encourage change readiness and
exploration of personal strengths, resources, and volitional
strategiesfor goa attainment, (5) decisional balancefor selection
of personal costs and benefits of current substance use and a
subsequent graphical display of comparative gains and losses
of behavior change in abalance sheet to illustrate ambival ence,
and (6) identification and selection of personal high-risk
situations for substance use and provision of behavioral
strategies, for example, to resist peer pressure (the assumed

Table 1. Results pilot-test (N=37).

Arnaud et d

mechanisms for change are displayed in Multimedia Appendix
4; for amore detailed description, see [54]).

The WISEteensintervention was pilot-tested in two steps. First,
10 adolescents chosetheir preferred design concept among three
options. A preliminary version with the preferred “look & feel”
was then pre-tested by 37 other adolescents to ensure ease of
registration and navigation use, comprehensibility of
intervention content, satisfaction with layout and design,
appropriateness of dialogue style (eg, avoiding judgmental and
confronting language), overall satisfaction with the program,
and time to complete baseline assessment and intervention.
Furthermore, open feedback, technical problems, trandlational
ambiguities, and other problems were documented and the
program was adapted accordingly. Median for assessment and
intervention was 15 minutes, ranging from 5-30 minutes. Most
adolescents were satisfied or totally satisfied with the system,
design, comprehensibility, and intervention dialogue. Table 1
provides a summary of the pilot-results. The control group
received assessment only and was directed to ashort information
page on where to find help in case of urgent counseling or
medical needs.

Items Response
Mean (SD)  Yes, % Neutral, % No,% Median  Range
Overall satisfaction with the program® (1="not satisfied at al”, 3.1(0.50)
4="totally satisfied")
Acceptance of program layout and design® (1="not satisfied at all”, 3.2(0.66)
4="totally satisfied")
Program comprehensibility? (1= not satisfied at all”, 4="totally satis- 29 (0.80)
fied”)
Acceptance of dialogue style and tone
“preachy” 0 438 56.3
“non-judgmental” 68.8 125 18.8
“appropriate” 813 125 6.3
Duration to complete baseline assessment 16.5min 15min 10-25 min
(5.5)
Duration to complete intervention 15.5min 15min 5-30 min
(7.1

@Viean age 16.38 (SD 1.23) years; 81.3% men.
bsj ngle item on overall satisfaction.

%9 items (eg, login/registration procedure, clarity/structure, text amount, graphic design; Cronbach a=.89).
97 items (eg, content comprehensibility, response format, information amount; Cronbach a=.77).

Data Collection and M easures

All study measures were administered anonymously and online
via self-reports at baseline (t, before randomization) and at
follow-up (t;, 3 months after t,) and required registration with
a valid email address. Three months after completing the
baseline assessment, participants were automatically invited to
participate in the follow-up assessment and guided by an
integrated hyperlink in the email invitation with one reminder
email after 1 week.

http://www.jmir.org/2016/5/€103/

Participants were asked for age, gender, country of residence
(Sweden, Germany, Belgium, Czech Republic or other), current
school attendance (yes/no), parental educational attainment
(low, middle, high), their weight in kilograms for BAC-level
feedback, descriptive norms[58, 59], and 12-months scores on
the Alcohol Use Disorder Identification Test Consumption
subscale (AUDIT-C [60]). To address baseline change
motivation as a potential confounder, we included intention to
reduce drinking (in the next 30 days) using a single item (“I
intend to reduce my drinking during the next 30 days’,
1="totally disagree” to 7="totally agree’) and intention to
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abstain from illegal drug use (“I intend to abstain from taking
illegal drugs during the next 30 days’, 1="totally disagree” to
4="totally agree”) [57], as a continuous measure for change
readiness [61].

Substance Use

All outcome measures concerned usein the past 30 days. Change
in alcohal use (frequency, frequency of binge drinking, and
guantity) between the two assessments was the primary outcome
and measured based on the three items of the AUDIT-C
screening tool [60]. This measure provides a widely used and
valid index sum score for problem alcohol use of adolescents
[62]. The three indicators are drinking frequency (“How often
did you haveadrink containing alcohol 7’; 0="never” to 4="four
or moretimesaweek "), binge drinking frequency (“How often
did you have 5[4 for girls] or moredrinkson one occasion, like
during aparty or on one night?’; 0="never” to 4="four or more
times a week”), and drinking quantity (“How many drinks
containing acohoal did you have on atypical day when you were
drinking?’; 0="one or two” to 4="ten or more"). To assess the
number of consumed drinks, we used a graphical display of
various types of drinks with the indication to select the number
of each drink per typical drinking occasion to account for
national differencesin typical standard drinks. Standard drinks
wereoverall defined as containing 10-12 grams of pure ethanol,
and responses were recoded to match the original 0-4 point
scale. Using an index for drinking has two advantages over
separate measures of alcohol use. First, it allows for modeling
one drinking measure to increase the statistical power to detect
intervention effects while maintaining several indicators of risky
drinking. Second, due to the scale, characteristic outcome data
can be analyzed as continuous data, which makesinterpretation
easier compared to discrete count drinking outcomes [63, 64].
Weincluded the three separate outcomes (frequency, frequency
of hinge drinking, and quantity) and frequency of illegal drug
use (1="never” to 5="four or more times a week” [65]) as
secondary outcomes and past 30 days prevalence of illegal drug
use and polydrug use as additiona secondary outcomes. Because
most drug use combinationsin Europeinclude alcohol [10], we
defined polydrug use as a dichotomous measure for use of
alcohol and any illegal drug during the last 30 days, similar to
previous studies [9].

Sample Size

Sample size calculation was based on the primary outcome with
regard to effect sizesfor alcohol userevealed by arecent review
on Web-based interventions for young people [31]. According
to results from similar studies, we expected a small effect size
(Cohen’s d=0.2). To reach power of 80% at atype | error rate
of 5% in a two-sided test and expecting a dropout rate of
approximately 50% [27, 66], we aimed at N=400 per
intervention condition [67]. Possible country dependent
clustering effects were not included in the sample size
caculation because the study was designed as an
individual-based RCT and higher level effectsfrom four clusters
were not previsioned [68]. Nevertheless, possible higher order
country effects were addressed in al further analyses as
described below.

http://www.jmir.org/2016/5/€103/
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Statistical Analyses

We first analyzed data on sample characteristics using t-tests
(for metric data) and chi-square tests (for categorical data) to
test for differences between intervention conditions. Next, we
performed logistic regressions with completers (ie, those who
provided valid follow-up data) versus dropouts as the binary
dependent variable to test for possible attrition bias using all
available sociodemographic and substance use variables as
predictors. Intervention effects for primary and continuous
secondary outcomes were tested using Linear Mixed Models
(LMM) and binary secondary outcomes were analyzed using
Generalized Linear Mixed Models. In al LMMs, we used
change in outcome scores from baseline as the dependent
variable, intervention condition asthe only independent variable,
baseline values as covariates (“fixed effects’), and country of
residence as a single random effect (“random intercept”). This
model controls for the correlation between baseline and
follow-up outcome scores and does not require a repeated
statement (ie, “time”) and no time x group interaction term to
interpret intervention effects. Because we found no higher order
effect for country of residence (primary outcome: Wald Z=.77,
P=.441), we skipped the random effect and adjusted the analyses
for country of residence and possible confounders (ie, variables
that were not balanced between intervention and control group
at baseline) and predictors for missing data as additional
covariates, which resulted in improved mode fit (deltaBayesian
information criterion=-13.16) (see[69] for asimilar approach).
Binary secondary outcome analyses (prevalence illegal drug
use and polydrug use) focused on follow-up outcome values
rather than change scores. All analyses are based on a
complete-case dataset and an intention-to-treat (ITT) sample
with imputation of missing follow-up data based on expectation
maximization (EM). Both results are relevant and commonly
reported in Web-based interventions particularly when dropout
islarge[70]. EM isasingle imputation method that was shown
to outperform the multipleimputation module availablein SPSS
in eHealth studies with high dropout rates [66]. Given the huge
dropout in this study, we cross-checked the ITT-outcome
analysis using a full information maximum likelihood (FIML)
estimator for missing follow-up data provided in the structural
equation model software AMOS to reduce estimate bias for
missing data [71] and increase the robustness of findings (see
Multimedia Appendix 5). For all analyses, we report estimated
margina means (percentages) and Cohen's d effect sizes.
Distributions of outcomes (ie, skew and kurtosis) and
missing-at-random requirements of missing data were checked
prior to the main analyses. Results with atype | error rate of
P<.05in 2-sided testswere considered as statistically significant
without adjustment for multiple comparisons but reporting of
exact Pvalues [72]. All analyses other than in AMOS were
performed using SPSS statistical software package version 22
[73].

Results

Sample Characteristicsand Preliminary Analyses

The trial profile is shown in Figure 1. A total of 2673
participants logged on the WISEteens Web portal and
participated in the initial screening. We excluded 655 (24.5%)
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from the study due to a negative CRAFFT screening. This
resulted in 2018 (75.5%) adolescents who gave consent to
participate in the study and started subsequent baseline
assessment (ty). A total of 569 (28.1%) dropped out during the
baseline assessment leaving 1449 participants who completed
baseline assessment and were randomized to either the
intervention (N=715) or control group (N=734). In the
intervention group, 453 (63.4%) completed the brief intervention
as measured by alog file record whether the last page of the
intervention has been visible to the user. A tota of 211
adolescents participated in the follow-up assessment after 3
months, corresponding to avalid responserate of 14.5%. Inthis
subsample, the completion rate for the brief intervention was
higher than in the full randomized sample (82.4%).

In the randomized sample (ITT population), the mean age was
16.8 years (SD 0.74), nearly half of the participants werewomen
and the majority were currently attending school. Most
participantswere recruited in the Czech Republic dueto amore
intense offline recruitment in this country, indicating that
adjustment of country of residence as an additional covariate
was required in subsequent analyses. Participants in the
intervention group tended to have a higher rate of parental
educational attainment compared to the control group as
indicated by anear significant difference (P=.060). Thisvariable
was therefore adjusted as an additional covariate in subsequent
analyses [68]. With the exception of binge drinking frequency
(P=.048), there were no significant group differenceswith regard
to demographic or assessment data at baseline (see Table 2).
Importantly, there were no basdline differencesin the intention
to change current al cohol and illegal drug use among the groups.
Distributions of al continuous outcome variables showed
acceptable skew and kurtosis with values well below 1.0 for
baseline and follow-up assessments [74]. Regarding
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characteristics of participants who provided data at follow-up,
group comparisons revealed no significant differences in any
assessed variable (see Table 3). Overall baseline group
comparisonsthusindicate that the randomization was successful
and that the completer-only subsample appears largely similar
to the randomized sample.

Response rates were very similar for the intervention group
(15%) and the control group (14%). Logistic regression analyses
with attrition at follow-up as the dependent variable and all
demographic (country, parental educational attainment, sex,
age) and substance userelated variables (all primary and
secondary outcomes) as predictors explained 8.4% of the total

response variance (Nagelkerke's R?). Corresponding odds ratios
(OR) reveded country of residence as the only significant
predictorsfor dropout. Response rates were significantly lower
for participants from the Czech Republic (11%) than for those
from Sweden (23%, 58/251; OR 2.42, 95% Cl 1.52-3.85,
P<.001) and Germany (27%, 31/146; OR 2.514, 95% ClI
1.41-4.49; P<.001) but not Belgium (18%, 26/143; OR 1.46,
95% CI 0.76-2.80; P=.26). The analysisthusindicates no biased
attrition based on the available variables except for country of
residence, which was adjusted in al subsequent analyses as a
relevant predictor of missing data [75]. Analogous attrition
analyses for intervention completion (as indicated by a record
whether a user has “seen” the last page of the intervention
dialogue) indicated that 12.2% of the total response variance
was predicted by all study variables, with significantly more
completers being women (P=.007) and significant differences
between participants depending on country of residence
(P<.001) with the highest intervention completion in Germany
(89.7%), followed by Belgium (71.4%), Sweden (69.8), and the
Czech Republic (56.0%).
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Table 2. Baseline values for participant demographic and substance use related variables by intervention condition (randomized sample N=1449).

Intervention Control pa

Randomized sample, n° (%) 715 (49.3) 734 (50.6)
Agein years, mean (SD) 16.81 (0.75) 16.85 (0.74) 253
Sex (women), % 47.8 48.6 758
Country of residence, % 574

Sweden 16.2 184

Germany 10.9 9.3

Belgium 9.8 929

Czech Republic 63.3 62.4
School status (yes), % 95.0 94.8 .885
Parental education level ©, % .060

Low 10.1 109

Middle 61.4 66.3

High 285 229
Intention to reduce acohol®, mean (SD) 3.04 (2.30) 3.22(2.31) 136
Intention to abstain from illegal drugsd, mean (SD) 5.31 (2.46) 5.40 (2.40) .501
Descriptive peer drinking norms, mean (SD) 2.31(0.79) 2.32(0.78) 714
Substance use related risk (CRAFFT sum score), mean (SD)  2.75(1.42) 2.72 (1.35) .608
Age at first alcohol use, mean (SD) 12.92 (2.30) 13.00 (2.20) 497
Alcohol use® (last 12 months), mean (SD) 4,91 (2.49) 5.10 (2.58) 167
Alcohol usef (last 30 days), mean (SD) 5.43 (2.74) 5.46 (2.82) .803
Drinking frequency?, mean (SD) 2.01 (0.84) 1.97 (0.89) 413
Drinking quantity?, mean (SD) 1.79 (1.45) 1.84 (1.48) 586
Binge drinking frequency9, mean (SD) 1.67 (0.92) 1.78 (0.91) .048
Illegal drug use (last 30 days), % 45.0 43.0 460
Polydrug use (last 30 days), % 49.2 40.1 734

8Results of chi-square tests for categorical and ttests for continuous measures.

BMay differ for individual variables due to single missing values.

CFather's highest educational attainment.

dscores ranging from 1-7 with higher scores indicating higher motivation for change.

€AUDIT-C index score, past 12 months.

FAUDIT-C based index score, past 30 days (primary outcome).

9Separate drinking indicators, scores ranging from 0-4 with higher scores indicating more severe drinking.
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Table 3. Baseline values for participant demographic and substance use related variables by intervention condition (completers-only sample N=211).

Intervention Control pa

Completers-only sample, nP (%) 108 (51.2) 103 (48.8)
Agein years, mean (SD) 16.87 (0.71) 17.03 (0.76) 130
Sex (women), % 52.9 52.6 .959
Country of residence, % .955

Sweden 26.9 28.2

Germany 15.7 13.6

Belgium 13.0 11.7

Czech Republic 444 46.6
School status (yes) 88.0 88.3 961
Parental education level ©, % .198

Low 14.6 12.4

Middle 438 573

High 41.6 30.3
Intention to reduce acohol®, mean (SD) 2.76 (2.12) 3.13(2.08) .223
Intention to abstain from illegal drugsd, mean (SD) 5.39 (2.37) 5.59 (2.22) .539
Descriptive peer drinking norms, mean (SD) 2.33(0.66) 2.35(0.64) .856
Substance use related risk (CRAFFT sumscore), mean (SD) 2.56 (1.32) 2.80(1.35) .210
Age at first alcohol use, mean (SD) 12.97 (2.34) 13.06 (2.27) 781
Alcohol use® (last 12 months), mean (SD) 4.89 (2.27) 5.20 (2.47) .348
Alcohal use (last 30 days), mean (SD) 5.35 (2.44) 5.53 (2.87) .644
Drinking frequencyg, mean (SD) 2.09 (0.79) 2.04 (0.89) .695
Drinking quantity?, mean (SD) 1.77 (1.27) 1.85 (1.46) 694
Binge drinking frequency9, mean (SD) 1.54 (0.86) 1.69 (0.93) .261
Illegal drug use (last 30 days), % 42.6 395 .946
Polydrug use (last 30 days), % 37.0 311 313

8Results of chi-square tests for categorical and ttests for continuous measures.

BMay differ for individual variables due to single missing values.
CFather's highest educational attainment.

dscores ranging from 1-7 with higher scores indicating higher motivation for change.

€AUDIT-C index score, past 12 months.
fAUDIT-C based drinki ng index score, past 30 days (primary outcome).

9Separate drinking indicators, scores ranging from 0-4 with higher scores indicating more severe drinking.

Primary Outcome: Past Month Drinking Index

Tables 4 and 5 report the primary and secondary intervention
outcomes of this trial at follow-up based on the non-imputed
completer-sample and Tables 6 and 7 for the EM-imputed
intention-to-treat-sample. All analyses concern substance use
in the past 30 days and were adjusted for baseline scores,
country of residence, and parental educational attainment.

Based on the non-imputed sample 3 months after the
intervention, participantsin theintervention group have reduced
their drinking as indicated by reduced AUDIT-C based scores
relative to baseline with an adjusted mean change of -0.85 (95%

http://www.jmir.org/2016/5/€103/

Cl -1.49 to -0.26) while those in the control group dlightly
increased their drinking as indicated by a mean increase in
drinking of 0.16 (95% CI -0.50 to 0.82). Adjusted mean
differences between both groups were 1.02 (95% Cl 0.25-1.79)
and statigtically significant (F; 13,=6.8, P=.010, d=.26). The
corresponding between-group effect was smaller in the
(imputed) ITT analysis due to significant reductionsrelative to
baseline in the control group. However, the significant
between-group effect (0.16, 95% CI 0.02-0.25) was maintained
(F11320=5.2, P=.022, d=.04). Additional analysis in AMOS
based on an FIML estimation for missing outcome assessments
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confirmed these results (B=-0.72, [=-0.13, P=.046; see
Multimedia Appendix 5).

Secondary Outcomes: Drinking (AUDIT-C Based
Separate Items)

We conducted identical analysesfor the three drinking indicators
separately. In the non-imputed sample, we found a significant
between-group difference in drinking frequency of 0.25 (95%
Cl 0.02-0.50) in favor of the WISEteens group (F;13,=4.4,
P=.037, d=.15), which was not maintained in the analysis based
on EM-imputation (F; 13,5=3.2, P=.073, d=.11) dueto significant
reductions relative to baseline in both groups (Ps<.001). We
obtained a similar result for binge drinking frequency with a
significant adjusted mean difference between groups of 0.31
(95% CI 0.01-0.61; F;;5=4.2, P=.044, d=.16) in the
non-imputed data analysis, which was not maintained in the
imputed analysis (F 1320=2.3, P=130, d=.01). Additional FIML
analysisfor both outcomes revealed non-significant and similar
resultsasin theimputed analysis (drinking frequency: B=-0.13,
[3=-0.08, P=.230 and hinge drinking frequency: B=-0.25,
[3=-0.14, P=.059; see Multimedia Appendix 5). For drinking
guantity, we found significant reductions relative to baseline
for the intervention group in the non-imputed analysis of -0.39
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(95% CI -0.72 to -0.06, P=.024), but these reductions were
non-significantly  different from the control group
(between-group differences: 0.31, 95% CI -0.17 to 0.62;
F1155=1.3, P=.257, d=.13). This effect was significant in the
EM-imputed data-set (F; 139=5.3, P=.021, d=.05). However,
when cross-checked using the FIML approach employed in
AMOS, these differences were no longer significant (B=-0.22,
[3=-0.08, P=.209, see Multimedia Appendix 5).

Secondary Outcomes: Illegal Drug Use and Polydrug
Use

Resultsfor frequency and prevalence of illegal drug use aswell
as polydrug use prevalence are summarized in Tables5 and 7.
With regard to these outcomes, we found no statistically
significant between-group effects in the non-imputed
(Ps=.138-.311) and the EM-imputed (Ps=.363-.871) datasets.
Although overal, both groups show numerical decreases
between the measurements that were statistically significant in
the intervention group for illegal drug use prevalence (P=.025)
and polydrug use prevalence (P=.012) in the non-imputed
analyses and statistically significant for all 3 outcomes (ie,
frequency of illegal drug use and illegal drug use and polydrug
prevalence, Ps<.001) in the imputed analyses.
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Table 4. Intervention effects? on primary and (continuous) secondary outcomes (non-imputed datasetb).

Outcomes after 3 WI SEteens group (n=715) Control group (n=734) Between-group differences
months
Mean Changefrombase- P Mean Changefrombase- P Adjusted mean F(df) P d
(SD)  line, adjusted mean (SD)  line, adjusted mean (95% ClI)
(95% ClI) (95% ClI)

Index alcohol use ©

Baseline 543 5.46

(2.74) (2.8
3-monthsfol- 459  -0.85(-1.49to- 009 535 016(-050t00.82) .614 1.02(0.25t01.79) 6.80(1,134) .010 .26
low-up (2.77) 0.26) (2.57)

Drinkingfrequencyd

Baseline 2.01 1.97

(0.84) (.90)
3-monthsfol- 1.80  -0.36(-055to- <001 1.88 -0.11(-0.31to 305 0.25(0.02t00.50) 4.40(1,144) .037 .15
low-up (0.84) 0.16) (0.81) 0.10)

Binge drinking frequency d

Baseline 1.67 1.78

(0.92) (0.91)
3-monthsfol-  1.39 -0.11 (-0.36 to .375 1.66 0.20(-0.07t00.47) .152 0.31(0.01t00.61) 4.20(1,121) .044 .16
low-up (0.95) 0.14) (0.85)

Drinking quantity d

Baseline 1.79 1.84

(1.45) (1.48)
3-monthsfol-  1.59 -0.39(-0.72to - .024 1.83 -0.16 (-0.50to .336 0.23(-0.17t00.62) 1.30(1,155) .257 .13
low-up (1.39) 0.06) (1.36) 0.17)

Ilegal drug use frequency €

Baseline 0.87 0.80

(1.20) (1.14)
3-monthsfol- 069  -0.13(-0.37to 292 071 -0.03(-0.28to 805 0.10(-0.21t00.40) 0.40(1,133) 532 .07
low-up (1.10) 0.11) (1.07) 0.22)

3Based on linear mixed model with group as fixed factor, changes from baseline as outcomes, and baseline scores, country, and parental educational
attainment as covariates for continuous outcomes. Cohen’s d cal culated by subtracting the average difference score between pretest and posttest of the
control group from the corresponding difference score of the intervention group, and dividing the result by the pooled standard deviation of the baseline
Scores.

bvalid follow-up data for n=211 trial participants.

CAdapted AUDIT-C index score (primary outcome).

dAdapted AUDIT-C indicators, scores ranging from 0-4 with higher scores indicating more severe drinking.
®Scores ranging from 0-4 with higher scoresindicating more frequent illegal drug use.
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Table5. Intervention effects? on binary secondary outcomes (non-imputed datasetb).

Outcomeafter 3 WISEteens group (n=715) Control group (n=734) Between-group differences
months
% (SE) P % (SE) P F(df) P OR (95% ClI)

Illegal drug use prevalence (%)

Basdline 45.0 (0.02) 43.0 (0.02)

3-monthsfol-  36.1(0.05) 025  395(0.05) 431 1.03(1 133) 311 0.67(0.31to 1.45)
low-up

Polydrug ° prevalence (%)

Baseline 429 (0.02) 40.1 (0.02)

I3-monthsfo|- 31.3(0.05) 012 36.8(0.05) 235 2.22(1,163) 138 057 (0.27to 1.20)
ow-up

3Based on (logistic) general linear mixed model with group as fixed factor, follow-up values as outcomes, and baseline scores, country, and parental
educational attainment as covariates.

byalid follow-up data for n=211 trial participants.
®Combined use of alcohol and any illegal drug in past 30 days.
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Table 6. Intervention effects on primary and (continuous) secondary outcomes (EM-imputed dataset).

Outcomes after  WISEteens group (n=715) Control group (n=734) Between-group differences
3 months
Mean Changefrombase- P Mean Changefrombase- P Adjusted mean F(df) P d
(SD) line, adjusted mean (SD) line, adjusted mean (95% ClI)
(95% Cl) (95% Cl)

Index alcohol use?

Basdline 5.24 5.25

(2.70) (2.78)
3-monthsfol-  4.72 -0.63(-0.73to0 - <001 4.82 -0.49 (-0.60 to - <00l 0.13(0.02t00.25) 5.23(1,1329) .022 .04
low-up (1.58) 0.52) (1.52) 0.39)

Drinking frequency ©

Baseline 1.98 193

(0.81) (0.90)
3-months fol- 1.75 -0.24 (-0.27 to - <001 176 -0.20 (-0.24 to - <001 0.03(-0.003to - 321(1,1329) .073 .11
low-up (0.47) 0.20) (0.46) 0.17) 0.07)

Binge drinking frequency ©

Baseline 154 1.58

(0.99) (1.02)
3-months fol- 1.39 -0.20 (-0.24to - <001 142 -0.16 (-0.20to - <001 0.03(-0.01to- 230(1,1329) .130 .01
low-up (0.50) 0.16) (0.47) 0.12) 0.08)

Drinking quantity ©

Basdline 1.74 1.75

(1.46) (1.49)
3-months fol- 1.64 -0.15(-0.20to - <001 171 -0.08 (-0.14 to - .001 0.07(0.01t00.12) 5.33(1,1329) .021 .05
low-up (0.77)  0.10) (0.77)  0.03)

Illegal drug use frequency d

Baseline 0.84 0.76

(1.15) (1.08)
3-monthsfol-  0.70 -0.12 (-0.15to - <001 0.67 -0.11(-0.14 to - <00l 0.01(-0.3t00.04) 0.18(1,1329) .670 .04
low-up (0.76) 0.08) (0.71) 0.08)

3Based on linear mixed model with group as fixed factor, changes from baseline as outcomes, and baseline scores, country, and parental educational
attainment as covariates for continuous outcomes. Cohen’s d cal culated by subtracting the average difference score between pretest and posttest of the
control group from the corresponding difference score of the intervention group and dividing the result by the pooled standard deviation of the baseline
scores.

bAdapted AUDIT-C index score (primary outcome).
CAdapted AUDIT-C indicators, scores ranging from 0-4 with higher scores indicating more severe drinking.
dscores ranging from 0-4 with higher scores indicating more frequent illegal drug use.

http://www.jmir.org/2016/5/€103/ JMed Internet Res 2016 | vol. 18 | iss. 5 |e103 | p.36
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Arnaud et d

Table 7. Intervention effects® on binary secondary outcomes (EM-imputed daiasetb).

Outcomes after 3-months WI SEteens group (n=715)

Control group (n=734)

Between-group differences

% (SE) P % (SE) P F(df) P OR(95%CI)
Illegal drug usep revalence (%)
Baseline 49.8 (0.02) 49.6 (0.02)
3-months follow-up 41.7 (0.02) <001  39.8(0.02) <001 1.30(1,1446) 254 1.22(0.87t01.73)
Polydrug ° prevalence (%)
Basdline 47.8(0.02) 46.3 (0.02)
3-months follow-up 41.1 (0.02) <001  39.8(0.02) <001 002(1,1446)  .888 1.03(0.73t0 1.44)

3Based on (logistic) general linear mixed model with group as fixed factor, follow-up values as outcomes, and baseline scores, country and parental

educational attainment as covariates.

b The bi nary imputed preval ence outcomes (illegal drug use and polydrug use), areal number between 0 and 1 was transformed back into a dichotomous

variable by rounding off to two positions behind the decimal point.
®Combined use of alcohol and any illegal drug in past 30 days.

Discussion

Principal Findings

The purpose of this study wasto test the effectiveness of afully
automated Web-based screening and brief motivational
intervention targeting adol escents with at-risk substance usein
Europe.

We found that self-reported risk drinking as measured by a
drinking index (ie, drinking frequency, frequency of binge
drinking, and typical quantity of drinks) was significantly
reduced for participants in the intervention group. The effect
on the primary alcohol use outcome was consistent across
imputation and non-imputation (“completers’) based analyses
but accented in the non-imputed data analysis, even though
statistical power was low for 3-month effects due to large loss
to follow-up assessment. Secondary analyses using the three
drinking indicators as separate outcomes revealed statistically
significant mean differences at follow-up in favor of the
WI SEteensintervention group for drinking frequency and binge
drinking frequency but not quantity when missing follow-up
datawas not imputed. In contrast, analysesusing an EM-imputed
dataset revealed drinking quantity as the only significant
secondary effect. For illegal drug use or polydrug use, there
were no significant intervention effects.

The effect sizesobtained in this study are small but match those
summarized in recent systematic reviews for fully automated
interventionsfor young adults [32] and meta-analysesfor single
session interventions[76, 77]. Moreover, they correspond with
effect sizesreported for face-to-face brief interventionsfor youth
who use acohol and other drugs [17, 78, 79] and indicate that
expected effects of MI-based interventions on substance use
may indeed be small [41] but can be relevant when a large
population can be reached. Overall, there are currently few
Web-based interventions targeting adolescents, which limits
direct comparisons to prior studies. However, our study
contradicts results from one recent RCT that tested the effects
of asimilar intervention (What Do You Drink [WDY D]). This
trial targeted drinking among young people (15-20 years) with
low educational background in the Netherlands [80]. While

http://www.jmir.org/2016/5/€103/

WDY D and WISEteens are comparablein central characteristic
(eg, age group, cultural context, single session fully automated
delivery mode, intervention duration, applied theory, and
outcome mesasures), there are anumber of differencesthat could
account for the divergent effects, such asthe school-based study
implementation and different follow-up times. Moreover, inthe
WDYD trial participants with an indication of severe problem
drinking at baseline were excluded, while in our study about
half of the participants were above the AUDIT-C risk cut-off
of 5 points [62] at baseline. Severity of baseline drinking can
influence effects of brief motivational interventions with
stronger effects among subgroups of heavy drinkers [81].

WISEteens was not effective to address illegal drug use and
polydrug use adequately. However, the number of participants
with drug and polydrug use was rather low in our sample and
meaningful between-group effects might have been undetected
due to insufficient statistical power [37]. Note that there were
notable decreases in the prevalence rates for polydrug use and
illegal drug use in the intervention group, while there were no
changes and even dlight increases in the control group. There
were also no spill-over effects from reduced problem drinking
to other substance use, which suggests that effects on targeted
outcomes may not translate to untargeted outcomes [82, 83].

In general, effects from comparable Web-based interventions
for illegal drugs are typically smaller than for alcohol [32].
Moreover, the main hypothesis and focus of the intervention
was on drinking. Someintervention elements, such asdecisional
balance, importance, and confidence ruler and advice for risk
situationswere available for alcohol per default and participants
with other drug use were explicitly encouraged to take the
exercises as templates for use of other substances. Thus, the
lack of positive outcomes may also be the result of limited
specific intervention content for drugs other than a cohol, which
may bealimitation. Thisnotwithstanding, thelack of significant
effects in our study corresponds to previous trials among
students that failed to promote positive behavior change [84,
85], although such interventions can in principle be effective
in the general population [32, 86].

JMed Internet Res 2016 | vol. 18 | iss. 5 [e103 | p.37
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Strengths and Limitations

Our study is among the first to report on a targeted fully
automated Web-based brief intervention among at-risk
adol escents with excessive alcohol drinking and drug usein a
randomized controlled trial. From a public health perspective,
the significant effect on drinking is relevant. Notwithstanding
the often dramatic consequences associated with illegal drug
use, alcohoal isthe most frequently used psycho-active substance
during adolescence, acohol use disorders are among the most
prevalent and costly mental disordersinindustrialized countries,
and prevention is a public health priority [87]. Although the
main burden of alcohol-related diseases and injuries becomes
apparent in adulthood, it is well documented that early at-risk
alcohol use can lead to persistent problems[88,89]. Considering
the magnitude of youth with at-risk alcohol use the need for
effectivetargeted prevention may be particularly highin Europe.
For example in Germany, hospital admissions due to acute
alcohal intoxication have increased substantialy in the past
years, although the proportion of youth who drink alcohal is
decreasing [7]. With this study, we provide initial support for
the effectiveness of Web-based brief interventions for
adolescents in Europe—an approach that has proven useful in
other critica heavy drinking populations, such as college
students[31, 33].

The WISEteens intervention was designed to reflect valid
face-to-face motivational strategiesin aWeb-based format. We
extended individual feedback techniques typically used in
Web-based brief interventions by other M1 techniques from
face-to-face interventions, such as decisional balance,
confidence and importance ruler, and provision of behavioral
and regulatory strategies to resist peer pressure [38, 40, 90].
Moreover, we aimed to mimic MI principles by applying a
carefully designed and pilot-tested motivational dialogue to
reflect possibly “empathic” language, acknowledgement of
ambivalent goals, needs for autonomy and self-directedness,
and appreciation of change but not necessarily abstinence.
Although our results cannot address this issue directly, we
assume that this may have contributed to the favorable effects
revealed in this study. Certainly we acknowledge the limitsin
delivering MI-consistent methods such as relational factorsin
a fully automated format [91]. However, arguably the ability
of such interventionsto deliver standardized intervention content
onalarge scaleand at low cost may outweigh these limitations.

Finally, even though response to follow-up assessment was very
low, screening and intervention were accessed and completed
by areasonably large number of teenagers, which may indicate
acceptance and ecological validity in the target group. The
intervention completion rate indicates acceptable user
engagement in the“real world” [92] and agood bal ance between
the required amount of program exposure and adherence
reguirements of asingle session Web-based delivery format for
adolescents [50, 93].

Our study hasanumber of limitations. First and foremogt, results
are limited by the higher than expected dropout rate for
follow-up assessment, which isafrequent problem in Web-based
trials[66, 70]. Dropout might be partly caused by invalid email
addresses used by the participants and the fact that the system
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sent only one email reminder per participant [94]. Even though
we detected no serious attrition bias, this may limit the validity
of the study findings. Although in case of large dropout, any
approach to missing data imputation such as the EM method
employed in this study could be compromised. We approached
this problem by cross-check analyses using an FIML approach
to missing data estimation, which yielded similar and significant
results for the primary outcome. Moreover, it must be noted
that attrition was mainly a problem for the evaluation (ie,
attrition took place between measurement points) and much
less for intervention adherence (ie, intervention completion
rates). Thefact that we were ableto identify intervention effects,
even with thefewer than required number of participants needed
to detect small effectsin the evaluation, could be interpreted as
an underestimation of intervention effects. This notwithstanding
and athough the study was performed in four European
countries, the results should be taken only under careful
consideration and follow-up should be translated to other
countries or even to other regions or to other groups of
adolescents in the four involved countries. The inconsistent
results of theimputed and non-imputed analyses and substantial
between-analyses deviations in obtained effect sizes serve as a
guantitative indicator of uncertainty in these results due to the
substantial amount of missing follow-up data.

Another limitation isreliance on self-reported datain this study,
which are often associated with underreporting of alcohol
drinking and other drug use [95]. Measures to avoid
underreporting were assurance of and advicefor confidentiality
and a non-judgmental and non-confronting M| style employed
throughout the intervention. Moreover in our study, the
self-report was given anonymoudly and without personal contact,
which may add to thereliability of self-reported data. Moreover,
we relied on a primary outcome that was based on the
AUDIT-C, which was devel oped asascreening tool for harmful
alcohol use in adults. Given the adapted reference time of
drinking in the past 30 days, it is difficult to interpret the
practical significance of the measured changesin outcome scores
in response to the intervention. Furthermore, participants were
not blinded to the assigned interventions, which is a common
limitation in Web-based trials[96].

Finally, given the focus on intervention effects in this study,
we have not systematically included recruitment and reach in
our analyses although these are important issues for estimating
public health impact [97]. Rather, we aimed for a convenience
sample from the general popul ation by employing a pragmatic
recruitment procedure. However, the incitement by lottery as
an incentive for participation may have increased the reach to
a higher level than can be expected in implementation outside
aresearch project. While the self-selected nature of our sample
again limits generalization, we consider the realistic setting of
thistrial asignificant strength. In fact, apart from the evaluation
requirements at baseline, the actual intervention program was
equivalent to a potential real world application. We thus feel
confident in stating that our study has realistic public health
implications.
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Conclusion

Web-based interventionsto reduce adol escent at-risk substance
use hold promisefor accessibility and large scale dissemination
but have rarely been tested in randomized controlled trials.
Although limited by substantial dropout to follow-up
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assessment, our findings imply that young adolescents with
excessive drinking can benefit from targeted interventions based
on MI techniques and counseling style in a fully automated
Web-based delivery mode. However, we found no effect on
drug use, which calls for further research on effective
intervention models, delivery modes, and recruitment strategies.
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Abstract

Background: Effectivelifestyleinterventionstargeting high-risk adultsthat are both practical for usein ambulatory care settings
and scalable at a population management level are needed.

Objective: Our aim was to examine the potentia effectiveness, feasibility, and acceptability of delivering an evidence-based
Electronic Cardio-Metabolic Program (eCMP) for improving health-related quality of life, improving health behaviors, and
reducing cardiometabolic risk factorsin ambulatory care high-risk adults.

Methods: We conducted arandomized, wait-list controlled trial with 74 adults aged >18 yearsrecruited from alarge multispecialty
health care organization. Inclusion criteriawere (1) BMI =35 kg/m? and prediabetes, previous gestational diabetes and/or metabolic
syndrome, or (2) BMI =30 kg/m? and type 2 diabetes and/or cardiovascular disease. Participants had a mean age of 59.7 years

(SD 11.2), BMI 37.1 kg/m? (SD 5.4) and were 59.5% female, 82.4% white. Participants were randomized to participatein eCMP
immediately (n=37) or 3 months later (n=37). eCMP is a 6-month program utilizing video conferencing, online tools, and
pre-recorded didactic videosto deliver evidence-based curricula. Blinded outcome assessmentswere conducted at 3 and 6 months
postbaseline. Data were collected and analyzed between 2014 and 2015. The primary outcome was health-related quality of life.
Secondary outcomes included biometric cardiometabolic risk factors (eg, body weight), self-reported diet and physical activity,
mental health status, retention, session attendance, and participant satisfaction.

Results: Changein quality of life was not significant in both immediate and delayed participants. Both groups significantly lost
weight and reduced waist circumference at 6 months, with some cardiometabolic factors trending accordingly. Significant reduction
in self-reported anxiety and perceived stress was seen in the immediate intervention group at 6 months. Retention rate was 93%
at 3 months and 86% at 6 months post-baseline. Overall eCM P attendance was high with 59.5-83.8% of immediate and delayed
i ntervention participants attending 50% of the virtual stress management and behaviord lifestyle sessionsand 37.8-62.2% attending
at least 4 out of 7 in-person physical activity sessions. The intervention received high ratings for satisfaction.

Conclusions: The technology-assisted eCMP is a feasible and well-accepted intervention and may significantly decrease
cardiometabolic risk among high-risk individuals.

Trial Registration: Clinicaltrials.gov NCT02246400; https://clinicaltrial s.gov/ct2/show/NCT02246400 (Archived by WebCite
at http://www.webcitation.org/6h6mwWWokP)

(J Med Internet Res 2016;18(5):€134) doi:10.2196/jmir.5143

http://www.jmir.org/2016/5/e134/ JMed Internet Res 2016 | vol. 18 | iss. 5 |e134 | p.45
(page number not for citation purposes)


mailto:azark@sutterhealth.org
http://dx.doi.org/10.2196/jmir.5143
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

KEYWORDS

Azar et d

prevention; lifestyle; metabolic syndrome; cardiovascular disease; behavior change; health technology

Introduction

Therisk for cardiometabolic diseases remains high among US
adults. Although the rates of obesity, amajor contributor to this
risk, are leveling, up to 35% of the population continue to be
classified as obese (body mass index [BMI] =30 kg/m?) [1].
Addressing the prevention and trestment needs of the population
remains achallenge. Effective and scalable health care systems
are urgently needed to promote patient-centered population
health management among patients who either have or are at
risk for cardiometabolic diseases.

Lifestyle intervention integrated into ambulatory care has
consistently been emphasized as a crucia approach to
cardiometabolic risk reduction. In the context of obesity,
lifestyle modification has been shown to produce significant
risk reduction even with modest weight loss (3-5%) [2]. While
intensive lifestyle interventions to reduce cardiometabolic risk
have been shown to be beneficial, much work is needed to
trand ate efficaciousinterventionsinto practical and sustainable
programs that can be offered by the existing hedth care
infrastructure. Patient-centered population health management
to prevent and control cardiometabolic disease requires scalable
and sustainable lifestyle interventions.

Technology-assisted approaches that are based in ambulatory
care may increase the potential for widespread reach and
adoption, resulting in improved long-term effectiveness and a
shift towards a popul ation based management model. Growing
evidence [3-6] suggests that technology-assisted clinical tools
and approaches can both increase access and decrease cost for
clinic-based disease prevention and management programsthat
traditionally place a large burden on personnel and resources.
While evidence suggests that technology-assisted lifestyle
interventionsfor weight loss are effective, best practicesremain
unknown [7]. Shortcomings of existing interventions include
low level of pragmatic methodol ogy and use of technology that
is not publicly available [7]. Further, there is growing concern
that increased emphasis on automated online delivery modalities
for lifestyle intervention can potentially fail because they
sacrificeimportant face-to-face interactions between heslth care
providers and patients, and among patients in group settings
[8]. With this in mind, efforts to test the utility of
technol ogy-based interventions specifically for ambulatory care
are underway, using widely available and low-cost tools to
improve delivery mechanisms, enhance patient-provider
communication, and preserve virtual face-to-face interactions
while optimizing access and reach.

The purpose of this study was to examine the potential
effectiveness, feasibility, and acceptability of an evidence-based
group lifestyle intervention via real-time videoconferencing
with other technology-assisted tools to reduce obesity and
cardiometabolic risk factors among high-risk individualsin an
ambulatory care setting. We hypothesized that participants
would report improvements in health-related quality of life at
3 months post-baseline, compared to the delayed control group.

http://www.jmir.org/2016/5/e134/

For secondary outcomes, we hypothesized that cardiometabolic
risk reduction would result in theimmediate intervention group
at 3 months and that these findings would be replicated in the
delayed group at 6 months, while the immediate group would
show continued improvement.

Methods

Study Design

The Electronic CardioMetabolic Program (eCMP) pilot study
was arandomized, wait-list controlled trial among patientswho
either had or were at high risk for developing type 2 diabetes
and/or cardiovascular disease (cardiometabolic disease). The
primary end point was originally intended to be 6 months post
baseline. The original intent had been for the wait-list control
group to not begin the intervention until the immediate group
completed the 6-month intervention, allowing for between-group
comparisonsat 3 and 6 months. However, thiswas apilot study
and logistic challenges including limited duration and funding
were encountered after the study began. In order to comply with
logistical limitations, we phased in the wait-list control sooner
and therefore were able to compare outcomes between groups
(intervention vs control) at 3 months post baseline and compare
changes in outcomes within the immediate intervention group
at 6 months post baseline and for the delayed-intervention group
at 3 months post intervention (the mid-way point). We looked
at reproducibility of early/mid-intervention effects between the
first 3 months of participation and saw similar patterns of change
aswell as a continuation of trends.

Recruitment and Participants

Participants were recruited from an outpatient multispecialty
group practice organization in Northern California. High-risk
adults (=18 years old) in need of primary prevention of
cardiovascular disease and/or diabetes (body massindex [BMI]

>35 kg/m? and pre-diabetes, previous gestational diabetesand/or

metabolic syndrome) or secondary prevention (BM1 =30 kg/m?
and type 2 diabetes and/or cardiovascular disease) wereinvited
to participate. Participants were required to be proficient in
written and spoken English and to have access to the Internet
to allow for remote self-tracking, viewing of online materials
and resources (eg, pre-recorded didactic videos) as well as
participation in videoconference group visits. Exclusion criteria
included type 1 diabetes or insulin dependence, pregnancy or
active breastfeeding at the time of enrollment, current treatment
for a serious medica condition (ie, cancer, except
non-melanoma skin cancer), presence of any safety concerns
related to significant physical or mental health issues, or life
expectancy less than 12 months.

Potential eligible participantswereidentified through electronic
health records. Participants were first screened for eigibility
viaphone or online and were then invited to attend the baseline
assessment visit where informed consent was obtained. During
the baseline visit, participants were given more information
regarding the study and baseline clinical measureswere obtained
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and €ligibility was confirmed prior to randomization.
Participants were interviewed at each follow-up visit about
possible adverse events during the past 3 months, and the study
physician adjudicated the events per study safety protocol. Data
were collected and analyzed between June 2014 and January
2015 in Burlingame, California.

Figurel. CONSORT diagram.

Randomization and Allocation Concealment

We applied our published dynamic block randomization method
[9] to assure better than chance between-treatment balance
across 5 prognostic factors (age, sex, race/ethnicity, BMI, and
primary prevention). The method automaticaly ensures
all ocation conceal ment. Participantswere randomized to receive

http://www.jmir.org/2016/5/€134/
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The study was approved by the Palo Alto Medical Foundation
Ingtitutional Review Board. Of the 294 patients who responded
to recruitment | etters after their primary care provider approved
study contact, 164 patients declined participation and 56 were
ineligible. This process yielded the target enrollment of 74
eligible and consenting participants (see Figure 1).

the 6-month eCMP lifestyle intervention either immediately
upon randomization (n=37) or after a 3-month wait period
(n=37). A designated study staff person who did not have the
ability to influence the all ocation system’s execution performed
randomization. While study group assignment was identifiable
to participants and interventionists, blinding was otherwise
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maintained for data collection, outcome adjudication, and data
analysis.

Description of the eCM P Intervention

The goa of the eCMP is to reduce cardiometabolic risk by
improving diet, physical activity, and mental health behaviors
through lifestyle change. eCMP is a 6-month comprehensive
program relying on weekly face-to-face group meetings via
video conferencing and the delivery of evidence-based curricula
using online tools and pre-recorded didactic videos presented
by physicians, nutritionists, exercise physiologists, and lifestyle
coaches. Technology-assisted features include (1) portable
and/or wearable mobile devices for data collection (eg, Fitbit
and Withings Smart Scale WS-30 [wireless scalg]), (2) a

Azar et d

comprehensive online platform and participant portal for hosting
program materials (eg, homework assignments, didactic videos,
and calendars), and (3) virtual small groups via real-time,
encrypted, Web-based videoconferencing (see Table 1). Wireless
scaleswere provided to theimmediate intervention groupsonly.
Technology-assisted tools for self-tracking and participation
were provided for use during the study period. All participants
attended an in-person orientation session post baseline
assessment and prior to their first group visit. At the orientation,
they participated in atechnol ogy-training workshop and received
all intervention tools and materials. There were a total of 24
virtual group sessions offered alternatively between the stress
management and behaviora lifestyle component and 7 in-person
sessions for group-based physical activity.

Table 1. eCMP curriculum contents and delivery modalities in ambulatory care settings.

Component Function

Features

Evidence- and theory-based
curriculum?

Online platform and participant
portal

Mobile monitoring devices

Coach-led virtual small group

sessions and stress management

Coach-led in-person sessions  Exercise curriculum content delivery

Lifestyle modification and behavior change content

Hosting program materials and participant-coach communication

Participant self-monitoring, bio-feedback, and remote data capture

Curriculum content delivery for weight management, healthy eating,

Weight management
Healthy eating

Physical activity

Stress management
Didactic videos
Homework assignments
Calendar/schedule

Other educational resources

Wireless body scal &
Pedometer
Weekly (24) sessions

Real-time, encrypted, Web-based video con-
ferencing

Periodic (7) sessions

Curriculum used includes Diabetes Prevention Program Group Lifestyle Balance (weight management and healthy eating), Active Living Every Day

(physical activity), and Heart Matters (stress management).
bl mmediate intervention group only.

Stress M anagement Component

Interactive sessionsfor stress management consisted of biweekly
virtual small group meetings of 7-10 participants. Each 1-hour
session was facilitated by atrained health coach and was based
on a proprietary, evidence-based [10-17] stress management
curriculum called Heart Matters. Self-awareness is the
foundation of the Heart Matters program, which includes these
topics. belief systems, emotional responses to experiences,
anger, hogtility, time pressure, mindfulness, self-esteem, and
forgiveness. Prior to each stress management session,
participants were instructed to view an accompanying,
supplemental video available viathe online platform.

Behavioral Lifestyle Component

Interactive sessions for diet counseling consisted of biweekly
virtual small group meetings of 7-10 participants. A registered
dietitian facilitated each 1-hour session, using the core
curriculum of the evidence-based Group Lifestyle Balance
program developed by researchers at the University Of

http://www.jmir.org/2016/5/e134/

Pittsburgh [18,19]. Participants were asked to track their daily
dietary intake viaan Internet/mobile-based self-monitoring app.

Physical Activity Component

Participants were provided with instructional videos available
through the online platform that encourage participants to
identify opportunities throughout their day for increasing
physical activity. The video content and exercise modalities
were adapted from the Active Living Every Day program
designed to increase physical activity among sedentary
individuals[20,21]. In addition to the videos, participants were
encouraged to attend 7 drop-in exercise sessions and to track
their daily steps with a Fitbit pedometer.

Outcome M easures

All outcome assessorswere trained to perform the measurements
and interviews per standardized protocols and procedures at
baseline and at 3 and 6 months post baseline. The primary
outcome, overal health-related quality of life, was measured
by the Short Form-8 Health Survey (SF-8), an 8-item version

JMed Internet Res 2016 | vol. 18 | iss. 5 [e134 | p.48
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

of the SF-36 [22]. Secondary outcomes included biometric
cardiometabolic risk factors (eg, body weight), self-reported
diet and physical activity, and mental health status, retention,
session attendance, and participant satisfaction. Published
protocols were used to obtain height (baseline only), weight,
waist circumference, and blood pressure measurements[23,24].
Participants also completed fasting blood draws at the onsite
clinical laboratory for assays of plasma lipid profile. Dietary
intake was assessed using multiple-pass 24-hour diet recall [25]
of one typical day over the phone with participants on the
Windows-based Nutrition Data System for Research (NDSR;
Nutrition Coordinating Center, University of Minnesota). Diet
quality was assessed using a composite Dietary Approachesto
Stop Hypertension (DASH) concordance index (range 0-9)
calculated by summing 9 nutrients, including total fat, saturated
fat, protein, cholesterol, fiber, magnesium, calcium, sodium,
and potassium [26]. Physical activity was assessed using the
Stanford 7-Day Physical Activity Recall interview [27]. Stress
and mental health measures included the Patient Health
Questionnaire-9 (PHQ-9), Generalized Anxiety Disorder Scale
(GAD-7), and Perceived Stress Scale. The PHQ-9 is a 9-item
depression symptom assessment with scoresranging from 0-27.
PHQ-9 scores of 5-9, 10-14, 15-19, and 20-27 represent mild,
moderate, moderately severe, and severe depression, respectively
[28,29]. The GAD-7 isavalid and reliable 7-question scale for
screening generalized anxiety disorder and strongly associated
with multiple domains of functional impairment [30]. The
Perceived Stress Scale, a 14-item instrument, isaglobal measure
of perceived stress that asks participants to report how often
their lives seem to be uncontrollable or overloaded during the
last year [31].

Attendance was tracked for all participants for the entire
6-month study period. Anonymous feedback and satisfaction
ratings with the eCMP intervention components were obtai ned
from participants online through survey questions ranked on a
5-point Likert scale with 1 indicating “not at all satisfied” and

Table 2. Baseline characteristics.

Azar et d

5 indicating “extremely satisfied” The survey included
guestions pertaining to session-related components (ie,
technology, coach, and group dynamics) and home activities
and materials (eg, self-monitoring activities, video/DVD,
handouts, and the “virtual package’). All eCMP participants
(both arms) were encouraged by the coach to complete the
survey after each virtual group and/or in-person session (31
sessionstotal).

Statistical Analysis

Frequencies and percentages were calculated for describing
categorical variables, and means and standard deviations were
used for continuous variables. Intention-to-treat analyses of
between-group and within-group differences in primary and
secondary outcomes were tested in a repeated-measures
mixed-effectslinear model with adjustment of the basdine value
of the outcome of interest. Between-group differences
(immediate intervention vs del ayed intervention) were examined
at 3 months post basdline. Within-group differences for both
immediateintervention and the delayed-intervention group were
assessed at 6 months post baseline. All analyseswere conducted
using SAS, version 9.3.

Results

Retention and Baseline Char acteristics

Patients were recruited from March 21, 2014, through May 13,
2014. Follow-up was completed on January 2, 2015. Of the 74
randomized participants, 89% (33/37) of intervention and 97%
(36/37) of delayed intervention participants were assessed at 3
months and 86% (32/37) and 86% (32/37) at 6 months (Figure
1). There was no discernabl e pattern to the attrition. Participants
were59.7 (11.2) yearsold, mostly female, non-Hispanic white,
and severely obese (see Table 2). At baseline, 27% (20/74) of
participants were enrolled for primary prevention and 73%
(54/74) for secondary prevention.

All (N=74) Immediate (n=37) Delayed (n=37)
Agein years, mean (SD) 59.7 (11.2) 59.6 (11.9) 59.8 (10.5)
Body massindex, kg/m? mean (SD) 37.1(54) 37.0(5.7) 37.3(5.2)
Female, % 59.5 59.5 59.5
Race, %
Hispanic 54 54 54
Non-Hispanic white 82.4 83.8 8l.1
Non-Hispanic black 41 0 8.1
Asian/Pecific |slander 2.7 2.7 2.7
Other 54 81 2.7
Primary prevention?, % 270 27.0 27.0
73.0 73.0 73.0

Secondary preventi on®, %

3Primary prevention is defined as BMI =35 kg/mzand prediabetes and/or metabolic syndrome.
bSecondary prevention is defined as BMI =30 kg/m2 and type 2 diabetes and/or cardiovascular disease.
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Quiality of Life, Weight, and Cardiometabolic Risk
Factors

Change in health-related quality of life was not significant in
both immediate and delayed participants. The mean weight loss
was-2.3kg (-2.0% of baseline) in immediate participants versus
-0.2 kg (-0.01%) in delayed controls at 3 months. The
between-group mean differencein changewas-2.1 kg (95% Cl
-4.3 to 0.1) (see Table 3). At 6 months post baseline, the
immediate group achieved significant weight loss of -3.1 kg
(95% CI -4.7 to -1.5), achieving a 2.8% weight reduction.
Equivalently, immediate intervention participants had greater
reductions in BMI than delayed controls at 3 months and the

net reduction was -0.7 kg/m? (95% CI -1.5 to -0.02). Delayed

http://www.jmir.org/2016/5/e134/
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controls achieved comparable BMI reductions at 6 months. At
6 months, theimmediate intervention group achieved an overall

mean reduction of -1.0 kg/m? (95% CI -1.5 to -0.5).

Differencesin waist circumference were not significant between
theimmediate and delayed groups at 3 months, with adecrease
of -0.6 cm (95% CI -3.8 to 2.6). The immediate intervention
group showed a significant reduction in waist circumference at
6 months post baseline. Participants had normal mean blood
pressure, and fasting plasma lipids at baseling, with
non-significant but consistent tendency of improvementsin the
immediate relative to the delayed group at 3 months and
inconsistent changes due to insufficient sample size (n=19) for
the immediate group at 6 months (see Tables 3 and 4).
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Table 3. Changesin quality of life, anthropometric, blood pressure, diet, physical activity, and stress and mental health at 3 and 6 months.

Baseline, Change from baseline to 3 months, Change from 3 to 6 months, Change from
mean (SD)  mean (95% ClI) mean (95% Cl) baselineto 6
months,
mean (95%
Cl)
All (N=74) Immediate(in- Delayed (no  Between- Immediate Delayed (inten-  Immediate (in-
tensive phase) intervention)  group differ-  (maintenance  sive phase) tensivet+ main-
(n=33) (n=36) ence, differ-  phase) (n=32) (n=32) tenance)
enceinchange (n=32)
Quiality of life
SF-8mental  49.2(8.1) -13(-40to0  15(-1.1to -28(-6.6t0  3.0(-0.7to 13(-2.3t0 1.7(-1.3t0
component 15) 4.1) 1.0) 6.6) 4.8) 4.6)
SF-8 physical  45.1(7.2) 23(-0410 09 (-1.7to 14 (-24t0 -26(-58t0 1.7(-14to -0.2(-3.1to
component 5.1) 3.6) 5.2) 0.6) 4.8) 2.7)
Anthropometric and blood pressure
BMI, kgm? 371 (5.4) -0.7(-1.3to- 0(-05t005) -0.7(-15to- -03(-0.7to -0.6(-1.0to- -1.0(-1.5to-
02) 0.02) 0.2) 0.1)° 0.5)°
Weight, kg 107.4(188) -23(-39to- -02(-1.7to0 -21(-43t0 -08(-21to -1.6(-29to- -3.1(-4.7to-
0.7) 13) 0.1) 0.4) 0.4)° 15)P
Weight 0 -20(-35to- 0(-14to14) -20(-40to- -08(-19to0 -15(-26to- -28(-4.2t0-
Waist circum-  119.6 (13.9) -1.9(-42to  -1.3(-35to -06(-3.8to  -22(-42to- -11(-30to -41(-65to-
ference, cm 0.4) 0.9) 2.6) 0.2)° 0.8) 1.7)°
Systolicblood 124.0(10.1) 0.7 (-2.2to 11(-1.7to -04(-44t0  -03(-38t0 -27(-6.0t0 03(-27t0
pressure 3.6) 3.9) 3.6) 3.1 0.6) 34)
Diastolic 72.6 (10.7) 29(0.6-53) 26(0.4-48) 0.3(-29t0 2.0(-1.0to 2.8(-05t0 5.0(25t0
blood pressure 3.6) 5.0) 6.1) 7. 4)b
Diet and physical activity
DASH score® 24 (1.4) 0.4 (-0.1to 0.1(-0.4to 0.3(-0.4to -0.3(-09to0  0.3(-04to 0.1(-0.4to
0.8) 0.6) 0.9) 0.4) 0.9) 0.6)
Stanford 7-day  680.5 (634.5) 652.8(236.8- 103.6(-294.8 549.2(-26.8t0 -708.5 (- -419.2 (-926.1 -55.7 (-477.7
Physical Activ- 1068.7) to 501.9) 1125.2) 1224.8t0 - t0 87.7) to 366.3)
ity Recall 192_2)b
(metabolic
equivalents)
Stress management
PHQ-9 52(4.1) -11(-22t00) -0.8(-19to0  -0.3(-1.8to  0.3(-09to -0.8(-19t0  -0.8(-19to
0.2) 12) 1.6) 0.4) 0.4)
GAD-7 3431 0.2 (-0.7to -05(-15t0  0.8(-0.6to -1.2(-24t00) 0.4(-0.8t0 -1.0(-2.0t00)
1.2) 0.4) 2.1) 15)
Perceived 13.1(6.1) 0.3(-1.3to -1.2(-2.7to 15(-0.8to -1.7(-39to 0.4 (-1.7to -1.4(-3.2to
Stress Scale 2.0) 0.4) 3.8) 0.5) 2.6) 0.4)
3p<.05 between group difference.

bp<.05 within group difference.

°DASH scores were calculated based on combining nine nutrient targets (ie, total fat, saturated fat, protein, cholesterol, fiber, magnesium, calcium,
sodium, and potassium). The intermediate target of each nutrient was halfway between the DASH target and population mean (based on the National
Health and Nutrition Examination Surveys 2007-2008, latest dataavailable at the inception of thisstudy). For anutrient, participants reaching the DASH
target were assigned one point, those reaching the intermediate target were assigned a half-point, and those not meeting the intermediate target were
given 0 point. The DASH score was the sum of pointsfor al 9 nutrients.
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Table 4. The changesin fasting plasmalipids by groups at 3 and 6 months.
Baseline, mean  Change from baseline to 3 months, Change from 3 to 6 months, Change from
(SD) mean (95% Cl) mean (95% Cl) baseline to 6
months,
mean (95% CI)
All (N=63) Immediae(inten- Delayed (noin- Between-group Immediate Delayed (inten-  Immediate(inten-
sive phase) tervention) difference, (maintenance sive phase) sive+ mainte-
(n=22) (n=32) differencein phase) (n=13) (n=24) nance) (n=19)
change
TC 175.1 (40.6) -5.0(-19.3to 54(-58t016.7) -105(-28.7to  16.1(3.1-29.1) -0.8(-10.4to 11.1(-2.2to
9.2) 7.7) 8.7) 24.3)
HDL-C 49.7 (16.3) 5.0 (1.8-8.2) 25(0.1- 4.9) 25(-15t065) 21(-13t055) 04(-22t030) 72(43-10.1)
LDL-C 98.5 (36) -10.7(-23t01.5) 0.6(-9.0t010.2) -11.3(-269t0  16.0(4.2-27.9) 1.8(-7.0t010.6) 5.3(-6.1t016.7)
4.3)
TC:HDL ratio  3.8(1.1) -04(-0.8t00.1) -0.1(-04t00.3) -0.3(-0.8t00.3) 0.2(-0.1t004) 0(-0.2t00.2) -0.2(-0.6t00.2)
Tri-glyceride 134.5 (61.5) -0.5(-23.8to -7.1(-289t0 -126(-425t0  -6.7(-28.1t0 -14.8(-30.5t0  -7.1(-28.9to
22.8) 14.6) 17.3) 14.8) 0.9) 14.6)

<05 within-group difference.

Diet and Physical Activity Behaviors

DASH score and assessment of |eisure-time physical activity
of at least moderate intensity did not show statistically
significant improvement for either group at 3 and 6 months (see
Table 3).

Stressand Mental Health Measures

None of the stress and mental health measures (ie, PHQ-9,
GAD-7, and perceived stress scale) had significant improvement
in theimmediate rel ative to the delayed group at 3 months (see
Table 3). The mean changesin PHQ-9, GAD-7, and perceived
stress scale showed non-significant but consistent tendency of
improvements at 6 monthsfor theimmediate intervention group.

Intervention Attendance

Attendance at virtual and in-person group sessions varied by
component. For the stress management component, attendance
was higher, with 65% (24/37) attendance and 78% (29/37)
attendance of immediate and delayed intervention participants,
respectively, attending at least half of the 12 total sessions
offered. For the behavioral lifestyle component, a majority
(60%, 22/37) of immediate intervention participants attended
at least half of the sessions offered and 22% (8/37) attended at
least 80% of the 12 total sessions offered over the 6-month
intervention. Similarly, alarge majority (84%, 31/37) of delayed
intervention participants attended at least half of the sessions
offered, and nearly half (43%, 16/37) of them attended at |east
80% of sessions offered. Further, 19% (7/37) of immediate
intervention participants compared to 49% (18/37) of delayed

http://www.jmir.org/2016/5/e134/

intervention participants attended at least 80% of total sessions
for stress management offered. For the physical activity
component, 38% (14/37) and 62% (23/37) of immediate and
delayed intervention participants, respectively, attended at |east
4 of the 7 offered sessions. Adherence to 80% of sessions
offered was 16% (6/37) for immediate intervention and 11%
(4/37) for delayed intervention group.

Participant Satisfaction and Feedback

Among al participants (both arms) who attended sessions,
39.10% (461/1179) completed the participant satisfaction
surveys. Results between the immediate and delayed
intervention group were similar (see Table 5). Overdll
satisfaction was high with scores ranging from mean 4.1 (SD
0.9) to 4.4 (SD 0.7), with health coaches and facilitators rated
as the highest satisfying component compared to other
components. More than half of participants indicated that they
were satisfied (42.4%, 189/446) or extremely satisfied (38.1%,
170/446) with the technology used in group sessions. Most
participantswere either satisfied or extremely satisfied with the
coach facilitators (92.8%, 415/447) and the genera group
dynamics (78.7%, 350/445). Among those components, fewer
than 5% of scores were rated below 3 on the Likert scale. A
majority of participants indicated that they were satisfied or
extremely satisfied with self-monitoring activities (78.7%,
352/447), the video or DVD resources (88.5%, 386/436),
handouts (85.4%, 345/404), and the“virtual package” asawhole
(77.9%, 346/444). Further, among these components, fewer
than 5% of ratings fell below 3 on the Likert scale.
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Table 5. Participant satisfaction results®,
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Satisfied with the session Satisfied with home activities and materials
Technology Coach Group dynamics Self-monitoring Videoor DVD  Handouts Virtual package
(n=446) (n=447) (n=445) activities (n=447)  (n=436) (n=404) (n=444)
Mean (SD) 4.1(0.9) 44(07) 4.1(08) 4.1(0.9) 4.2(0.7) 4.2(0.7) 4.1(0.9)
Rating (Likert
scale), %
Notat dl sstiss 2.0 0.2 0.7 11 0.7 0.2 0.5
fied 1
2 45 0.4 4.3 4.9 18 25 6.1
3 130 6.5 16.4 15.2 89 119 155
4 424 41.0 45.8 385 49.8 51 437
Extremely sat- 38.1 52.0 328 40.3 38.8 344 34.2
isfied 5

Participant satisfaction was rated on a voluntary basis by participants after each virtual group or in-person session.

Adverse Events

Two hospitalizations occurred during the 6-month trial and both
of them were determined by the study physician to be not related
to the study. There were no deaths.

Discussion

Principal Findings

The purpose of this pilot study was to examine the potential
clinical benefit, feasibility, and acceptability of a novel,
evidence- and theory-based, technology-assisted behavioral
lifestyle intervention for improving heath-related quality of
life and reducing cardiometabolic risk in ambulatory care. Our
main findings suggest that although the eCMP intervention
failed to improve health-related quality of life, it showed
potential for decreasing cardiometabolic risk among high-risk
individuals. Further, the tools and technology-assisted
approaches utilized in the intervention demonstrated good
feasibility and acceptability among participants.

Comprehensive lifestyle intervention has become a crucia
approach to prevention and treatment of obesity [2], metabolic
syndrome [32], diabetes [33,34], and cardiovascular disease
[35,36]. Previous paradigms for comprehensive lifestyle
intervention, which often involve at least weekly in-person
one-on-one or group meetings over months to a year, are
insufficient to meet the growing popul ation health management
needs of the nation. Rising prevaence and suboptimal
management of cardiometabolic conditions present a major
challenge to the US health care system.

These needs have risen to the national health care agenda, as
the Center for Medicare and Medicaid Innovation, through
legislation provided within the Affordable Care Act, has
specifically called for the use of technology to improve the
capacity to provide health services for patients with chronic
conditions [37]. The Task Force on Community Preventive
Services recommends technology-assisted, multicomponent
weight-loss interventions [38]. Severa recent studies have
demonstrated the potential effectiveness of using digital health

http://www.jmir.org/2016/5/e134/

tools to promote behavior change and reduce cardiometabolic
risk in adults[7,39-50]. Technology may provide the means by
which efficacious lifestyle interventions can be translated into
real-world, clinic-based settings while retaining effectiveness
and increasing access and affordability. Intheir review, Khaylis
et a identified five key components to efficacious
technol ogy-based weight loss interventions: use of a structured
program, self-monitoring, feedback and communication, social
support, and individual tailoring [51]. The eCMP program
incorporates all of these elements. The eCMP intervention
additionally incorporates several novel elements including
semiremote intervention delivery, the use of virtual small
groups, and the emphasis on stress management as a distinct
but complementary component to diet, physical activity, and
behavioral strategies.

Satisfaction with eCMP and the technol ogy-assisted tools was
overall high, suggesting good acceptability among participants.
The eCMP intervention utilized virtual groups as the primary
delivery modality for coach-led face-to-face interactions and
curriculum delivery for the stress management and behavioral
lifestyle components of the intervention. Technology-assisted
interventionsfor weight lossthat incorporate remoteintervention
delivery and support have been shown to produce outcomes
comparable to an in-person intervention [3,40,52,53].
Attendance was generally higher in components utilizing virtual
groups compared with the physical activity component that
required in-person group visits. Thisin part may have been due
to the timing of the sessions, where virtual groups were offered
on weeknights and physical activity in-person sessions were
offered on weekends. Technology-assisted approaches to
promote behavior change, such as virtual groups, have the
potential to improve adherence by making lifestyleinterventions
more convenient and aiding individuals in overcoming some
of the barriers they may encounter in attending frequent,
clinic-based, in-person sessions [53,54].

Retention rate was high in our study, compared to intervention
randomized controlled trials in primary care settings [55-58].
Overall eCMP attendance was d so high, relative to other studies
and interventions[59,60] and especially considering theintensity
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of the intervention. For the 6-month eCMP intervention, 50%
attendance correl atesto attendance at approximately 15 sessions
in 6 months. The novel use of virtual group visits was recently
shown to be effective in the delivery of weight management
interventions [53,54]. Virtua group visits are a promising
approach to increase accessibility of lifestyle interventions to
interested individuals [54]. Participants expressed high levels
of satisfaction with the technology used in group sessions,
self-monitoring activities, and the “virtual package” asawhole.
Participants rated group dynamics very highly, suggesting that
virtual group format did not hinder the experience of being in
an in-person group setting. These findings suggest that it is
possible to use technology to increase the scale of an
intervention without losing socially important aspects of
group-based behavioral lifestyle modification that have been a
crucial part of moretraditional face-to-face, in-person programs.
Further, the participants in this study were older, with varying
levels of comfort and skill with technology use. While most
participants found the training useful and were ableto participate
without major difficulties, it may be useful in future
interventionsto tailor technology training using a pre-assessment
of group participants according to baseline skill level,
experience, and comfort.

Measurement of health-related quality of life remained
unchanged, close to the average score in the general US
population [22]. Measures of clinical effectiveness and benefit
were overall modest. While weight loss was modest (<3%)
among participants, reductions in waist circumference were
significant in theimmediate group at 6 months. Also, amajority
of participantswere enrolled for secondary prevention and were
being medically managed for diabetes and/or cardiovascular
disease (eg, hypertension and/or dyslipidemia). At baseline,
blood pressure and lipid levels were well managed and near

Acknowledgments

Azar et d

goal, making clinical effects of the intervention difficult to
discern.

Limitations

Our study hasanumber of potential limitations. First, logistical
challengesresulted in achange to the study design and primary
endpoint. While this change limited our ability to anayze
differences between groups after completing the intervention,
we were able to assess patterns in trgjectory between the two
groups at similar timepoints during the course of treatment.
Other limitationsincluded a possibility of selective responseto
the feedback surveys among participants. Participants who
responded might have been those who were more committed
and more positive toward the intervention. To mitigate this
possibility, al participants were highly encouraged by their
coaches to complete the survey after each session and all
participant evaluations were anonymous. Methodological
limitations (eg, small sample size and short follow-up duration)
are reflective of a pilot study. Despite these limitations, this
study shows that the eCMP intervention is feasible and
acceptable in a hedth care setting and has potential for
decreasing cardiometabolic risk among high-risk patients.

Conclusion

The eCMP intervention showed potential for decreasing
cardiometabolic risk among high-risk individuals and aso
emphasized stress management as a key component. The tools
and technol ogy-assisted approaches utilized in the intervention
demonstrated good feasibility and acceptability among
participants. Future interventions should continue to explore
the use of technology to facilitate remote delivery of ambulatory
care based interventions in order to optimize the partnership of
patients and their health care providers in improving lifestyle
behaviors.
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Abstract

Background: Effectiveinterventionsto influence workplace sitting are needed, as office-based workers demonstrate high levels
of continued sitting, and sitting too much is associated with adverse health effects. Therefore, we developed a theory-driven,
Web-based, interactive, computer-tailored intervention aimed at reducing and interrupting sitting at work.

Objective: The objective of our study was to investigate the effects of this intervention on objectively measured sitting time,
standing time, and breaks from sitting, aswell as self-reported context-specific sitting anong Flemish employeesin afield-based
approach.

Methods: Employees (n=213) participated in a 3-group randomized controlled trial that assessed outcomes at baseline, 1-month
follow-up, and 3-month follow-up through self-reports. A subsample (n=122) werewilling to wear an activity monitor (activPAL)
from Monday to Friday. Thetailored group received an automated Web-based, computer-tail ored intervention including personalized
feedback and tips on how to reduce or interrupt workplace sitting. The generic group received an automated Web-based generic
advice with tips. The control group was await-list control condition, initially receiving no intervention. Intervention effectswere
tested with repeated-measures multivariate analysis of variance.

Results: The tailored intervention was successful in decreasing self-reported total workday sitting (time x group: P<.001),
sitting at work (time x group: P<.001), and leisure time sitting (time x group: P=.03), and in increasing objectively measured
breaks at work (time x group: P=.07); thiswas not the case in the other conditions. The changesin self-reported total nonworkday
sitting, sitting during transport, television viewing, and personal computer use, objectively measured total sitting time, and sitting
and standing time at work did not differ between conditions.

Conclusions: Our results point out the significance of computer tailoring for sedentary behavior and its potential usein public
health promotion, as the effects of the tailored condition were superior to the generic and control conditions.

Trial Registration: Clinicaltrials.gov NCT02672215; http://clinicaltrials.gov/ct2/show/NCT02672215 (Archived by WebCite
at http://www.webcitation.org/6gl PFBLWV)

(J Med Internet Res 2016;18(5):€96) doi:10.2196/jmir.5266
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Introduction

In modern societies, adults spend the majority of their waking
time in sedentary behaviors, that is, activities in a sitting or
reclining posture characterized by a low energy expenditure
[1]. Working hours are probably the largest contributor to overall
daily sitting time in adults. Flemish and Australian employees
spent, respectively, about 71% and 77% of their working hours
being sedentary [2-4]. Increasing evidence suggests that too
much sitting isrelated to adverse health outcomes, independent
of physical activity levels[5,6]. Both thetotal amount of sitting
and the pattern of sitting (ie, prolonged uninterrupted periods)
are associated with several adverse health effectsin adults, such
as obesity, metabolic syndrome, type 2 diabetes mellitus, some
cancers, and al-cause and cardiovascular disease mortality
[5-8]. Therefore, interventions to reduce (limit the amount of
sitting) or interrupt (limit prolonged sitting bouts) sitting at work
are warranted [9].

The evidence regarding the effectiveness of workplace
interventions focusing on occupational sitting is growing
[10,11]. Current workplace interventions are single- or
multicomponent programs implementing individual or
environmental strategies to influence workplace sitting.
Examples of individual strategies are face-to-face behavioral
change counselling sessions [12], workplace information
sessions [13,14], tailored support for individual behavioral
change through goa setting [13,14], and motivational
interviewing [13,14]. Environmental strategies include the
introduction of sit-stand workstations [15-17], portable pedal
machines [18], and prompting software reminders [19,20].
Effects of these strategies are promising, with reductions in
(mostly objectively measured) workplace sitting time (ranging
from -28 to -262 minutes/8-hour workday) [12-14,18], and
fewer (-4.6 bouts) and shorter (-5.6 minutes) sitting bouts [13].

A review of sit-stand workstations suggests that they can be
effectivein reducing occupational sitting time (the pooled effect
size of 7 intervention studies was -77 minutes of sitting/8-hour
workday), without compromising work performance [21].
However, these types of environmental interventions may not
be feasible due to their high initial costs [22]. As a result,
alternative interventions targeting workpl ace sitting are needed
[9] in order to find out which other strategies are effective. In
addition, most of the previous effectiveness studies were
conducted in relatively small (maximum 62 participants)
samples of employees or by low-quality evaluation methods
[23]. Thissuggeststhat workplaceintervention studiesin larger
samples are needed to increase our understanding of effective
strategies to influence workplace sitting.

One popular public health promotion method that has been
shown to successfully change a variety of health-related
behaviors (dietary behaviors, acohol consumption, smoking
habits, and physical activity) is Web-based computer tailoring
[24-26]. Computer-tailored interventions require participants
to complete 1 or more brief assessment surveys. Then, based
on participants answers, a computer program selects the
relevant feedback messages from a database (through if-then
algorithms), with the intention to provide information that is as
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personally relevant as possible [26]. Delivered thought the
Internet, this approach has several advantages, including low
cost, no limitations due to time or location, and a large reach,
as the Internet now has 2 billion users worldwide [27]. In
addition, interactive Web-based interventions have severa
benefits. First, they create the opportunity for ongoing contact
with, and support to, their users [28,29]. Second, they apply
tools that support self-regulatory skills, such as goal-setting
activities, self-monitoring tools, action planning, skill-building
activities, email reminders, and booster sessions [28,29]. To
our knowledge, no workplace interventions targeting sitting
have examined the effectiveness of Web-based
computer-tailored program, and it seems worthwhile to
investigate the effects of this type of workplace interventions.

We developed a theory-driven, Web-based, computer-tailored
intervention to influence sitting at work and found it to be
acceptable in terms of the assessment questioning,
interestingness, length, credibility, and relevance of the advice
[30Q]. In this study, we aimed to investigate the effects of this
computer-tailored intervention to influence workplace sitting
[30] on objectively measured sitting time, standing time, and
breaks from sitting, as well as self-reported context-specific
sitting. We compared the computer-tail ored advice with generic
advice and a no-advice control at 1-month and 3-month
follow-ups. We hypothesized that both interventions would
result in beneficial changes compared with the control condition,
but that the effects of the computer-tailored advice would be
significantly greater than the effects of generic advice.

Methods

Study Design and Sample

The study used a controlled baseline (T0), 1-month follow-up
(T1), and 3-month follow-up (T2: TO+3 months) design, with
3 different conditions (Figure 1 provides the study flow chart).
The tailored group received a Web-based, computer-tailored
intervention including personalized feedback and tips on
reducing or interrupting workplace sitting (seethe | nterventions
subsection below). The generic group received a Web-based
i ntervention contai ning generic information and tips on reducing
or interrupting workplace sitting. The control group was a
wait-list control condition and received the generic intervention
after completing all measurements.

We sel ected a convenience sample of 2 companies (auniversity
and an environmental agency) in Flanders (ie, the northern,
Dutch-speaking part of Belgium), mainly employing desk-based
workers, having more than 100 staff members, and each having
at least three different worksite locations. Both workplaces had
a general health policy following European legislations and
were informally committed to health aspects, but they did not
yet focus on healthy sedentary behavior at work. We contacted
company management by phone and email toinform them about
the study, and both companies agreed to participate in this study
(response rate 100%). Within the university, 3 departments of
the central administration were selected to participate, and within
the environmental agency, 3 departmentsin East Flanders were
selected. Within each company, each department was randomly
assigned to 1 of the 3 conditions. All selected departmentswere
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in different physical locations and the employees had little
face-to-face contact with one another, reducing the opportunity
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for contamination between groups.

Figure 1. Flow chart of arandomized controlled trial of an intervention to reduce and interrupt sitting time at work.
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n=421

Control Group
n=271

RECRUITMENT
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Procedures

A contact person in each department provided the email
addresses of all employees. In October 2014, employees were
invited to participate by email. Employeeswilling to participate
were asked to reply to the email within 1 week, indicating
whether they wanted to compl ete the Web-based questionnaires
only or whether they wanted to complete the Web-based
guestionnaires and additionally wear an activity monitor. We
sent areminder email with the invitation to those who had not
yet responded, 1 day before the enrollment deadline. The study
protocols were approved by the Ethics Committee of the Ghent
University Hospital, Belgium.

A researcher emailed a confidential website username and
password to all participants. After logging in, participants
received a short introduction pop-up screen and were then
referred to the home page, inviting them to complete an
assessment questionnaire (see the M easures subsection below).
After completing the basegline questionnaire, each group received
different feedback. Those who were interested in participating
but who did not complete the questionnaire within 7 days were
sent up to 3 automatic remindersto visit the website.

A member of the research team visited the participants willing
to wear an activity monitor at their workplace on a Monday.
They were instructed to wear the monitor on the thigh from
Monday to Friday. A researcher covered the monitor with a
transparent medical tape (Tegaderm, 3M, Diegem, Belgium)
before placement, and al so attached the monitor itself with this
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tape. These waterproof attachments allowed for 24-hour wear,
including water activities (eg, bathing and swimming). Monitor
data from 3 days (Tuesday, Wednesday, and Thursday) were
used for thisstudy [31]. During the 3 full days of data collection,
participants were also requested to complete a day log. On
Friday, theresearcher recollected the monitors at the workplace.
These procedures were repeated at the 3 time points (TO, T1,
and T2). The study was conducted between October 2014 and
March 2015.

Interventions

Computer Tailored I ntervention

The devel opment of thistheory-driven intervention, called Start
to Stand, has been described in detail elsewhere [30]. In brief,
in this Web-based intervention, after completing an assessment
guestionnaire, users received personalized computer-tailored
feedback about their sitting time, including tips and suggestions
on how to interrupt (taking short standing breaks) and reduce
(replacing sitting by periods of standing) sitting. Several
guestions on the Web-based questionnaire (see the Measures
subsection below) were used to build up the feedback. The
information requested from the participants referred to
job-related information, knowledge about sedentary behavior,
level of sitting timein 5 domains, frequency of interruptionsin
prolonged sitting, and level of physical activity. A set of decision
rules selected the feedback messages that were matched and
tailored to the specific answers given by the users. The
combination of these feedback messages formed the tailored
advicethat appeared immediately on the user’s screen. Wetook
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into account constructs of the self-determination theory [32],
the theory of planned behavior [33], and self-regulation theory
[34]. Web-based interventions that use theory are more likely
to have positive effects than those that are not theory based [35].
Interventions tailored to 4 or 5 theoretical concepts, such as
socia support, self-efficacy, and stages of change, were found
to be more positive than interventions tailored to fewer than 3
theoretical concepts [36].

To increase their knowledge, participants first received general
information about the importance of sitting behavior toimprove
health outcomes. This was followed by normative feedback
about their own sitting behavior on working and nonworking
days, in order to increase awareness of participants' levels of
sitting time. Further, feedback on the frequency of breaksfrom
sitting, information on the importance of these breaksfor health,
and the suggestion to interrupt prolonged sitting every 30
minutes was provided [14,37]. Also the negative health impact
of too much sitting, independent of physical activity levels, was
explained. Next, feedback on participants’ physical activity
level was given (see[30] for detals).

At the end of this advice (section 1), participants were able to
request up to 5 other noncommittal sections if they were
interested. In line with the self-determination theory [32], users
were able to choose which section of the advice they wanted to
request additionally, instead of forcing users to complete all
assessment questions at once and providing extensive advice
containing all information. Leaving a choice for the users is
assumed to increase autonomous motivation, which is more
likely to lead to behaviora change [32]. The focus of these
additional sections was on sitting during work hours (section
2: standing breaks; section 3: replacing sitting by standing),
sitting during commuting to work (section 4), sitting during
lunch breaks at work (section 5); and on making an action plan
toimprove sitting behavior (section 6). For each section, abrief
guestionnaire assessed participants’ current sitting behaviors
and related psychosocia correlates (attitudes, self-efficacy,
socia support, intentions, and perceived benefits and barriers)
[30]. Throughout the advice, thetail oring constructs were based
on the theory of planned behavior [32], a theory focusing on
the intention (or motivation) to adopt or modify abehavior and
assuming that the intention is higher when people have more
positive attitudes, perceived social influence, and self-efficacy.
After participants completed each assessment questionnaire,
the tailored advice appeared immediately on the computer
screen. Participants were given personalized feedback about
their attitudes, self-efficacy, social support, knowledge,
intentions, and perceived benefits and barriers related to
reducing or interrupting sitting.

In the last section, participants who were motivated to change
their sitting were invited to create an action plan to convert
intentionsinto specific actionsthrough the specific, measurable,
attainable, relevant, and time-bound (SMART) goals and
implementation intentions [34,38], as goa setting has been
found to be acommon and effective intervention technique used
in other health behavioral change programs. The action plan
operates within the self-regulation theory, targeting pre- and
postintentional processesto guide behavioral change[34]. Users
were asked what (increase standing breaks, or replace sitting
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by standing, or both) they wanted to do, how long, how often,
when, and how in order to state personaly relevant and
attainable goals. Finally, userswere ableto select precomposed
if-then statementsto make an if-then plan. Userswere also able
to formulate if-then statements themselves in an open-ended
guestion format. When these questions were completed, a
schematic overview of this personalized action plan was
immediately provided on the screen [30].

Some screenshots of the tool are provided in Multimedia
Appendix 1.

Generic I ntervention

In the generic advice condition, after completing the baseline
assessment questionnaire, users received generic information
on the importance of reducing and interrupting sitting, and
generic tips and suggestions on how to interrupt (taking short
standing breaks, 6 tips) and reduce (replacing sitting by periods
of standing, 8 tips) sitting during work hours, (lunch) breaks,
and commuting (topicssimilar to thetailored group). Whilethe
information covered the same topics as in the tailored group,
the generic group didn’t receive personalized advice or an action
plan, and all information appeared on a single screen page.

M easures

Web-Based Questionnaire
The questionnaire consisted of several parts, and al questions

wereasked at TO, T2, and T2, except for unchangeable variables,
such as height.

Sociodemogr aphics
The following sociodemographic variables were assessed: sex,
age, highest educational degree with 5 options dichotomized

into low (no diploma, elementary school, secondary school)
and high (high school, university) education, height, and weight.

Work-Related Variables

We asked about the number of workdays per week (1-7),
average daily amount of time (hours and minutes) spent at the
workplace (open-ended), occupational status (blue collar, white
collar, management), and employment duration (14 categories
ranging from 1-6 months to 55-60 years).

Self-reported Behavioral M easures

We assessed the level of sitting time in 5 domains using the
Workforce Sitting Questionnaire (WSQ) [39]. Thisquestionnaire
assessed time spent sitting on aworkday and a nonworkday for
thelast 7 dayswhile (1) travelling to and from places, (2) being
at work, (3) watching television, (4) using a computer at home
(not work related), and (5) doing other leisure activities. The
WSQ has acceptable reliability (interclass correlation
coefficient=.63) and validity against  objectively
accelerometer-measured sitting time (r=.34 to r=.45) [39].
Participants were also asked to report the average number of
breaks from sitting they have on aregular workday [40].

The validated International Physical Activity Questionnaire
(IPAQ) short version [41,42] assessed the number of days and
duration of time spent in walking, moderate-intensity physical
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activity, and vigorous-intensity physical activity in the preceding
week.

Activity Monitor and Day Log

Sedentary behavior was measured objectively using the
activPAL (PAL Technologies, Glasgow, UK) activity monitor
(weight 15 g, dimensions 53 x 35 x 7 mm). Thisinclinometer,
distinguishing periods of sitting or lying from standing and
assessing breaks from sitting, has been validated (correlation
between activPAL and direct observation: R?=.94) in adults
[43] and was recommended to assess sedentary behavior [43,44].

Participants were regquested to complete a day log and record
the type of day (workday at home, workday at the workplace,
or nonworkday), time of getting up, the start and end time of
the working day, and the time of going to sleep.

Website Usage Statistics

We collected the number of participants requesting the different
sections of the advice from the website administration. Google
Analytics provided data on website visiting time [45].

Data Reduction

Data recorded by activPAL were reduced using PAL
Technologies software (version 6.4.1). We calculated waking
sitting time by subtracting sleep time reported in the day log
from the total sitting time recorded by the activPAL device.
The percentage of working time spent sitting was calculated as
sitting time during work hours/work hours x 100. We used
similar formulas to calculate percentage of working time spent
standing and number of breaks per working hour. We calculated
average valuesfor TO, T1, and T2 from the mean scores of the
3 measurement days.

Within the 5 domains assessed using the WSQ, we truncated
values over 12 hours/day to 12 hoursto avoid unrealistic values
[30]. We calculated total time spent sitting on a workday and
on a nonworkday by summing the time reported in every
domain. These totals were truncated at 16 hours/day [30].

Based on the guidelines for data processing and analysis of the
IPAQ [46], total scoresfor walking, and moderate and vigorous
physica activities were computed (number of days x time
duration). Body massindex (BMI) was calculated asweight in

kg divided by height in m?.
Data Analyses

All analyses were conducted in SPSS version 22.0 (IBM
Corporation) and significance was set at P<.05, while P values
between .05 and .10 were interpreted as indicating borderline
significance. We did not perform any multilevel analyses
because there were fewer than 10 clusters and none of the
variables were measured at cluster level [47]. The 3 groups
characteristics at baseline were compared using 1-way analysis

of variance (for the quantitative variables age and BMI) or X2
tests (for the qualitative variabl es sex, education, work regimen,
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occupational status, and employment duration). We conducted
the same analysesto compare the characteristics of participants
willing to wear the activity monitor at baseline and those not
willing to wear it. Descriptive statistics for usage of the various
website components are provided.

To investigate the 1-month and 3-month follow-up effects of
theintervention, we conducted 3 repeated-measures multivariate
analysis of variance tests with time (TO, T1, or T2) as the
within-participants factor, condition (3 groups) as the
between-participants factor, and self-reported sitting (workday
and nonworkday total sitting; average daily domain-specific
sitting) and objectively measured sitting (total waking sitting
time, working time spent sitting, working time spent standing,
breaks from sitting per work hour) as the dependent variables.
When the time (3 levels) x condition (3 levels) effects were
significant, we conducted additional post hoc repeated-measures
analyses, including 2 times points (TO-T1 or TO-T2) and only
2 conditions, to find out where the differences in changes over
time between the conditions occurred. We included the
following covariatesin the analyses: age, sex, education, hours
at work, employment duration, BMI, walking, and moderate
and vigorous-intensity physical activity at baseline. Due to the
skewed nature of the outcomes, we did the analyses on square
root transformations to improve normality, but for reasons of
clarity, we report nontransformed average scores in the tables.
We executed this approach using both aretained sampleanaysis
(ie, completer analysis) and anintent-to-treat analysis (last value
carried forward). Because we found no differences between the
2 analyses, we report results only of the retained sample
analysis.

Results

Participants Characteristics at Baseline and Website
Usage

The total sample (N=213) of employees completing the
Web-based questionnaire consisted of 31.5% (67/213) men,
81.7% (174/213) with a high level of education, 91.5%
(195/213) who werewhite collar workers, and 69.5% (148/213)
with an employment duration of morethan 5 years. Participants
had a mean age of 40.3 (SD 9.1) years, worked on average 8.0
(SD 0.7) hourg/day, and had a mean BMI of 23.9 (SD 3.4)

kg/mZ. Table 1 gives an overview of the baseline variables for
the 3 intervention groups. The 3 groups did not differ in
sociodemographic, work-related, and health-related variables
(see Table 1). Self-reported and objectively sitting variables at
baseline are presented below. Of those completing the
questionnaires, 122/213 (57.3%) employees were willing to
wear the activity monitor at baseline. Therewereno differences
between participants who were willing and those who were not
willing to wear the activity monitor across al variables
(sociodemographic,  work-related, hedth-related, and
self-reported sitting time variabl es; data not shown).
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Table 1. Baseline characteristics for the 3 study groups.

De Cocker et d

Variables Tailored group Generic group Control group Group comparisons
(n=78) (n=84) (n=51)
Faror X af Pvalue
Sociodemographic variables
Agein years, mean (SD) 40.5 (8.6) 40.7 (9.7) 39.3(9.0) F2.200=0.44 .65
Males, n (%) 25(32.1) 27(32.1) 15 (29.4) X22 215=1.9 .76
High school/university education: n (%) 58 (75.3) 70 (83.3) 46 (90.2) X22 21548 .09
Work-related variables
Hours at work, mean (SD) 8.0(0.9) 8.0 (0.6) 8.0(0.6) F2211=0.36 .70
White collar occupational status, n (%) 74 (96.1) 75 (89.3) 46 (90.2) X22 217=2.8 .24
Employment duration>5 years, n (%) 55 (71.4) 56 (66.7) 37 (72.5) X22 212=0.7 72
Health-related variables
BMI%n kg/m?, mean (SD) 242(3.1) 23.6 (35) 23.7(35) F2211=0.75 48
Walking time in minutes/day, mean (SD) 18.8 (28.3) 21.1(21.6) 18.6 (19.0) F2.208=0.30 74
Moderate-intensity pabin minutes/day, 24.7 (26.9) 19.3(20.1) 18.0 (19.0) F2208=1.69 .19
mean (SD)
Vigorous-intensity PA in minutes/day, 8.4 (115) 11.6 (15.6) 9.9 (15.6) F2,200=1.05 .35

mean (SD)

3BMI: body mass index.
bpa: physical activity.

At baseline, all 78 participantsin the tailored group completed
section 1 (100%). The average time needed to complete the
assessment survey was 16.3 minutes. Time spent on the first
advice page was on average 20.1 minutes. A total of 66/78
participants completed section 2 (84.6%), 64/78 completed
section 3 (82.1%), 60/78 completed section 4 (76.9%), 59/78
completed section 5 (75.6%), and 54/78 completed an action
plan (69.2%).

Intervention Effectson Self-reported Sitting M easures

Table 2 presents the baseline, 1-month, and 3-month follow-up
values of the self-reported sitting for each group. Total workday
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sitting change from baseline to follow-up was significantly
different between the 3 groups (see Table 2). The decrease in
sitting time in the tailored group was significantly greater than
the decrease in the generic group (P=.002) and the increase in
the control group (P=.002). The decrease in the generic group
was borderline significantly different from the change in the
control group (P=.05). The changes over time in total
nonworkday sitting did not differ significantly between the
groups (see Table 2).
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Table 2. Mean self-reported sitting at baseline (T0), 1-month follow-up (T1), and 3-month follow-up (T2) for the 3 groups and time x group effects.

Group TO T1 T2 F dftimexgroup P value
Total sitting in minutes/day, mean (SD)

Total workday sitting TO-T1-T2: F4 198=5.65 <.001***
Tailored (n=36) 507 (104) 480 (128) 425 (110) TO-T1: Fp149=1.45 24
Generic (n=64) 457 (107) 444 (105) 437 (95) TO-T2: Fp106=8.47 <.001%**
Contral (n=28) 449 (126) 434 (131) 469 (92)

Total nonworkday sitting TO-T1-T2: F4 198=1.20 31
Tailored (n=36) 141 (70) 139 (69) 132 (70) TO-T1: Fp149=0.63 54
Generic (n=64) 130 (63) 131 (67) 141 (77) TO-T2: Fp15g=1.15 32
Control (n=28) 123 (58) 117 (47) 134 (55)

Domain-specific sitting in minutes/day, mean (SD)

Sitting at work? TO-T1-T2: Fy 115=6.72 <.001+**
Tailored (n=33) 338 (107) 279 (92) 259 (88) TO-T1: Fp135=12.5 <.001***
Generic (n=61) 288 (59) 279 (64) 280 (69) TO-T2: F5116=10.09 <.001***
Control (n=24) 281 (65) 280 (50) 288 (48)

Sitting during transport? TO-T1-T2: Fy,118=045 a7
Tailored (n=33) 78 (84) 103 (124) 58 (49) TO-T1: Fp13=0.47 63
Generic (n=61) 66 (79) 60 (67) 48 (31) TO-T2: F»119=0.01 .98
Control (n=24) 81 (106) 74 (88) 62 (62)

Television viewing? TO-T1-T2: F4116=1.31 23
Tailored (n=33) 100 (57) 104 (56) 106 (61) TO-T1: Fp133=1.24 0.29 29
Generic (n=61) 95 (62) 92 (67) 102 (68) TO-T2: Fp119=1.24 29
Contral (n=24) 91 (68) 79 (68) 82 (61)

Personal computer u TO-T1-T2: F4118=151 .20
Tailored (n=33) 50 (46) 53 (47) 47 (29) TO-T1: Fp138=0.20 .82
Generic (n=61) 51 (40) 52 (44) 51 (39) T0-T2: F5119=1.35 .26
Control (n=24) 58 (62) 59 (71) 69 (65)

Other leisure time sitting? TO-T1-T2: Fy115=1.86 12
Tailored (n=33) 101 (42) 90 (44) 75(32) TO-T1: Fp135=1.68 A9
Generic (n=61) 99 (61) 98 (61) 97 (46) TO-T2: Fp 119=3.64 .03*
Control (n=24) 95 (48) 96 (43) 102 (64)

8Average on workday.

bAverage of workday and nonworkday.

* P<.05; *** P<.001.

Analyses of the domain-specific sitting data showed that changes
over timein sitting at work and other leisuretime sitting differed
significantly between the 3 groups. There was a decrease in
sitting at work in the tailored group, which was significantly
greater than the changes in the generic group (TO-T1: P<.001,
TO-T2: P<.001) and the control group (TO-T1: P=.001, TO-T2:
P=.001). The changes over time did not differ significantly
between the generic group and the control group (TO-T1: P=.48,
TO-T2: P=.26). There was also adecrease in other leisure time
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sitting from baseline to follow-up in the tailored group, which
was significantly greater than the changes over time in the
generic group (P=.007) and the control group (P=.02). The
changes from baseline to follow-up did not differ significantly
between the generic group and the control group (P=.78). The
changesover timein sitting during transport, television viewing,
and computer use did not differ significantly between the 3
groups (see Table 2).
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I ntervention Effects on the Objectively M easured
Variables
Table 3 gives an overview of the sedentary behavior measures

derived from the activPAL a baseline, and 1-month and
3-month follow-ups for each group. The changes over timein

De Cocker et d

total sitting while being awake, sitting at work, and standing at
work did not differ significantly between the 3 groups (see Table
3). For breaks at work, the only borderline significant difference
was found between the tailored group (slight increase in breaks
from baseline to follow-up) and the generic group (slight
decrease in sitting time from baseline to follow-up, P=.07).

Table 3. Mean objectively measured variables at baseline (T0), 1-month follow-up (T1), and 3-month follow-up (T2) for the 3 groups and time x group

effects.

Group TO T1 T2 F dftimex group P value

Tota sitting time awake in hours/day, mean (SD) TO-T1-T2: F475=0.56 .69
Tailored (n=35) 576 (109) 600 (91) 607 (117) TO-T1: Fpgy=0.52 .60
Generic (n=35) 578 (101) 574 (103) 576 (109) TO-T2: Fp79=1.06 35
Control (n=23) 605 (96) 616 (115) 623 (100)

Sitting at work in % work hours, mean (SD) TO-T1-T2: Fy 75=F475=0.22 .93
Tailored (n=35) 66.8 (15.5) 71.7 (14.0) 69.0 (13.7) TO-T1: Fp,g5=0.28 76
Generic (n=35) 69.0 (13.8) 71.2(15.1) 68.8 (15.1) TO-T2: Fp7g=0.12 .89
Control (n=23) 74.3 (15.5) 78.3(11.1) 74.8 (13.5)

Standing at work in % work hours, mean (SD) TO-T1-T2: F475=0.10 .98
Tailored (n=35) 24.7 (13.5) 22.2(9.0) 236 (11.7) TO-T1: Fp,g0=0.05 .95
Generic (n=35) 24.4(11.3) 22.7 (15.4) 24.3 (14.4) TO-T2: Fp7g=0.11 .90
Control (n=23) 16.3(9.3) 17.1(7.9) 17.8(9.0)

Breaks at work in no/work hour, mean (SD) TO-T1-T2: Fy75=2.54 .09*
Tailored (n=35) 3.8(1.5) 3.7(1.3) 4.3(1.6) TO-T1: Fpgy=0.72 40
Generic (n=35) 36(1.3) 3.6(L4) 35(L3) TO-T2: Fp7g=2.40 11
Control (n=23) 3.0(1.4) 32(1.4) 3.3(1.6)

* P<.10
Discussion the objective measures, as no effect was found on

To our knowledge, thisisthe first randomized controlled study
evaluating 1-month and 3-month follow-up effects of a
theory-driven, Web-based, computer-tailored intervention to
reduce or interrupt sitting among employees. Results are
promising, with positive intervention effects on self-reported
sitting time at work, self-reported sitting time during leisure,
and objectively measured breaks at work. For these outcomes,
the tailored intervention had superior effects to those of the
control and the generic condition, confirming our hypothesis.
This suggests the significance of computer tailoring in targeting
sedentary behavior, as also seen in Web-based advice for other
health-related behaviors, such as physical activity and diet
[24-26]. However, the expectation that the effect of the generic
condition would differ from the control condition was not
confirmed. The provision of nontailored Web-based advice
seems not sufficient to result in sedentary behavioral change,
whichisin contrast to behavioral changeinterventionstargeting
physical activity or dietary habits, in which generic interventions
did have positive effects [48,49].

It should be noted that the positive findings concerning the
decrease in self-reported sitting duration were not reflected in
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activPAL-measured total sitting time or sitting time at work.
This result emphasizes the importance of combining
self-reported and objective measures. The effectiveness study
of sit-stand workstations conducted by Chau et al [50] found
the opposite pattern, namely positive effects for sitting time at
work measured by the activPAL, but no effects for sitting time
at work measured with the WSQ. Thereview of Prince et a [9]
found no significant effect differences between self-reported
and objectively measured sedentary time. It should be noted
that most studies of the review used one of two types of
measures. either objective or self-reported measures, but not
both. When looking for potential explanations for the
discrepancy between our self-reported and objectively measured
data, we conducted post hoc correlation analyses (r=.07 for total
sitting and r=.11 for work-rel ated sitting), which suggested that
the perception of self-reported sitting was different from
objectively measured sitting. Some other studies showed that
participants underestimated their self-reported sedentary
behavior [51]. In contrast, other validation studies of the WSQ,
using accel erometers, showed correlates of .34 and more [39].
Based on our study and earlier studies[51], the combination of
self-reported and objective measurements is recommended to
fully explore findings. A second possible explanation may be
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that the sample of participants providing the activPAL datawere
only a subsample (122/213, 57.3% of the total sample at
baseline, 105/133, 78.9% at 3-month follow-up). Still,
intervention effects on the self-reported measures were not
different between employees wearing the monitor and those
who did not (data not shown). Even though the subsample is
quite large for afield-based study, objective datashould ideally
have been available for all participants, as the observed
statistical power was low to find differences between groupsin
total sitting and in sitting at work (observed power ranged from
.12 t0.36) and in standing time at work (observed power=.06).

Compared with baseline, the self-reported work-related sitting
time in the tailored condition was lower at 1-month follow-up
(-59 minutes/day) and 3-month follow-up (-79 minutes/day),
while this was not the case for the other conditions. These
reductions in ditting time are similar to those seen in
interventions implementing activity-permissive workstations
(-77 minutes/8-hour workday) as shown in the review of
Neuhaus et al [21], which included 38 studies. Our reductions
in sitting were even higher than those found in ameta-analysis
of 34 lifestyle intervention studies (including 8 workplace
interventions) having sedentary behavior as an outcome,
showing an overal reduction in sedentary time by mean
differences of -22 minutes/day in favor of theintervention group
[52]. A reduction in sedentary time of just 30 minutes/day is
suggested to have clinically meaningful effects on health [9],
which indicates that our computer-tailored intervention may
potentially be useful in public health promotion. However, in
the review of Martin et al [53], the authors concluded that it is
not known whether the effective interventionsaimed at reducing
sedentary behavior resulted in clinically meaningful and
sustained improvements in health outcomes, as it was not
possible to determine the intervention effect of reduced
sedentary behavior on cardiometabolic risk, body composition,
and mental heath outcomes. Stll, in a Spanish
Internet-delivered workplace intervention focusing on decreasing
occupational sitting (via goal setting for step counts and
walking), occupational sitting time (-22 minutes/day) and waist
circumference (-0.8 cm) decreased in the intervention group
[54].

In our subsample wearing the activPAL, we found a positive
intervention effect at follow-up for breaks during work (+0.4
breaks/work hour, ~3.2 breaksin an 8-hour workday, anincrease
from 30 to 34 breaks in an 8-hour workday) in the tailored
condition compared with no change in the generic condition.
In the review of Martin et al [53], pooled intervention effects
on sedentary behavior patterns indicated no statistically
significant effect for the number of sitting breaks per hour. The
clinica meaning of the effect we observed is, however,
unknown, as the dose-response relation regarding breaks is
unclear [52]. Still, an eHealth intervention to reduce prolonged
occupational sitting that passively prompted desk-based
employees every 45 minutes to stand and perform nonexercise
physical activity did examine the clinical effects. The study
resulted in activity breaks about 6 times/workday for about 1.3
minutes at a time in the experimental group and showed that
the mean arterial pressure significantly decreased [55] and the
work-related energy expenditure increased [56] in the
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experimental group compared with a control group. Given that
wefound anincreasein breaksin our study, we can assume that
this computer-tail ored intervention can also result in significant
health effects; however, we did not track the duration of the
activity breaks.

It may be surprising that an individual-based intervention such
as our computer-tailored intervention resulted in such a
relatively high reduction in self-reported sitting time at work.
In the case of implementing sit-stand workstations, it is
reasonable that sitting time is substantially reduced, as the
environment is changed to do so, but without standing desks
one could expect the intervention to have less effect on total
sitting duration and more on the sitting pattern. Based on the
feasibility and acceptability study of our computer-tailored
intervention, pointing out that employees perceived interrupting
sitting to be more achievable than reducing workplace sitting,
this could also be expected to be the case here [30].
Nevertheless, our intervention seemed to affect both the pattern
(objectively measured data) and the duration (self-reported data)
of sitting.

We found no other 1-month follow-up effects on self-reported
outcomes (sitting during transport, television viewing, computer
use, leisuretime sitting) or other objectively measured outcomes
(total sitting time, sitting and standing time at work). However,
we did find significant and positive 3-month follow-up
intervention effects for self-reported total workday sitting and
self-reported leisure time sitting. The change over time was
more positive in the tailored condition than in the other
conditions. The fact that leisure time sitting decreased (-26
minutes/day) from baseline to follow-up was surprising, asthe
advice mostly focused on work-related aspects: work hours,
commuting, and (lunch) breaks. Still, this may mean that
employees transferred the information and tips regarding one
specific setting (work) to another (leisure). The study of Chau
et al [50] obtained a similar result, showing that self-reported
television viewing time decreased after aworkplaceintervention
in which employees used a sit-stand workstation for 4 weeks.
The authors argued that a reduction in television viewing time
would be awelcome side effect of their intervention, especially
because compensatory effects for occupational sitting (ie, less
sitting at work would lead to more sitting at home) were not
found in other previous studies [57-59]. In our study, however,
we found no effect on television viewing.

Study Strengths and Limitations

Our study has several strengths and limitations to take into
account. Thefirst strength is the randomized controlled design
with a large sample of employees relative to other workplace
interventions focusing on sedentary behavior. Second, the use
of the activPAL as an objective measure for the outcomes was
astrength, as self-reported measures can have recall and social
desirability biases. However, as stated earlier, thefirst limitation
is that we used this monitor only in a subsample of employees
willing to wear the monitor, which is probably a result of the
field-based approach of this study. Further, from a
methodological point of view, it would have been more suitable
to randomly allocate the monitors within the total sample in
order to avoid sampling bias. However, from acompliance point
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of view, we believed it was better to provide a monitor only to
thosewilling to wear one, in order to limit dropout. The dropout
rate was lower (17/122, 13.9%) in the group wearing a monitor
(and completing the questionnaires) than in the sample only
completing the questionnaires (80/213, 37.6%). A study on the
retention rates in physical activity interventions in workplace,
health care, and home- or community-based settings revealed
amean retention rate of 78%, with minimal differences between
intervention settings [60]. In our study, the mean retention rate
was 74.3% (only questionnaire: 133/213, 62.4%; questionnaire
and monitor: 105/122, 86.1%). The second limitation, probably
resulting from the field-based approach, is the relatively low
initial response rate (230/1061, 21.5%), which is comparable
with another workplaceintervention study using only 1 mailing
to recruit (response rate 20%) [61]. The study of Waters et a
[60] showed that response ratesin physical activity interventions
in adults range from 20% to 89%. Third, we recruited
participants in only 2 companies, with worksites in 3 different
settings, probably resulting in different workplace cultures. In
addition, the study sample consisted of mainly healthy weight,
highly educated women. Thisis in line with other workplace
physical activity interventionsin which participantswere found
to be younger, more educated, and healthier than nonpartici pants
[60Q]. All these factors may compromise generalizability of the
results. Fourth, we do not know the long-term effects of this
intervention, as we completed the follow-up measures only 3
months after baseline. Martin et al [53] found that interventions
of up to 3 monthsresulted in asignificant reduction in sedentary
time (-48 minutes/day) in favor of the intervention group,
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whereas longer intervention durations of more than 3 months
did not show beneficial intervention effects.

This study opens perspectives for future research. The effect of
this intervention on psychosocia correlates should be tested,
including the mediating effect of the change in these factors on
the behavioral effects. As it stands, we do not know what the
active intervention components are. Further, future research
should investigate whether this tailored intervention would be
more effective in combination with other (environmental)
strategies, for example the use of sit-stand desks. Previous
interventions also chose multicomponent programs to tackle
the problems of too much sitting [50]. Therefore, this
intervention could be an additional component in studies based
on ecological models, intervening simultaneously at multiple
levels.

Conclusions

To our knowledge, thisisthefirst intervention study to describe
the effectiveness of a theory-driven, Web-based, interactive
computer-tailored intervention aimed at reducing and
interrupting sitting at work. The computer-tailored approach
showed promising outcomes to address sitting time, as the
tailored intervention was successful in decreasing self-reported
sitting time at work and during leisure time, and in increasing
objectively measured breaks at work compared with the generic
and control conditions, which had no significant impact. This
suggests that this computer-tailored intervention might have
potential to contribute to the health promotion field.
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Abstract

Background: It iswell documented that meeting the guideline levels (150 minutes per week) of moderate-to-vigorous physical
activity (PA) is protective against chronic disease. Conversely, emerging evidence indicates the deleterious effects of prolonged
sitting. Therefore, thereisaneed to change both behaviors. Self-monitoring of behavior isone of the most robust behavior-change
techniques available. The growing number of technologies in the consumer electronics sector provides a unique opportunity for
individuals to self-monitor their behavior.

Objective: Theaim of thisstudy isto review the characteristics and measurement properties of currently available self-monitoring
devices for sedentary time and/or PA.

Methods: To identify technologies, four scientific databases were systematically searched using key terms related to behavior,
measurement, and population. Articles published through October 2015 were identified. To identify technologies from the
consumer electronic sector, systematic searches of three Internet search engines were a so performed through to October 1, 2015.

Results. Theinitial database searches identified 46 devices and the Internet search engines identified 100 devices yielding a
total of 146 technologies. Of these, 64 were further removed because they were currently unavailable for purchase or there was
no evidence that they were designed for, had been used in, or could readily be modified for self-monitoring purposes. The
remaining 82 technologieswereincluded in thisreview (73 devices self-monitored PA, 9 devices self-monitored sedentary time).
Of the 82 devices included, this review identified no published articles in which these devices were used for the purpose of
self-monitoring PA and/or sedentary behavior; however, anumber of technologies were found via I nternet searches that matched
the criteriafor self-monitoring and provided immediate feedback on PA (ActiGraph Link, Microsoft Band, and Garmin Vivofit)
and sedentary time (activPAL VT, the Lumo Back, and Darma).

Conclusions: There are alarge number of devices that self-monitor PA; however, there is a greater need for the development
of tools to self-monitor sedentary time. The novelty of these devices means they have yet to be used in behavior change
interventions, although the growing field of wearable technology may facilitate this to change.

(J Med Internet Res 2016;18(5):€90) doi:10.2196/jmir.5373
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Introduction

Modern environments and technological advancements have
radically altered the way we live our lives [1]. The need to
undertake purposeful physical activity (PA) has al but
disappeared and sedentary behavior, defined as “any waking
behavior in a sitting or reclining posture with an energy
expenditure <1.5 metabolic equivalent” [2] is the dominant
behavior. Low levels of moderate-to-vigorous PA (MVPA)
have been consistently associated with the risk of developing
chronic diseases, such astype 2 diabetes, cardiovascul ar disease,
and some cancers [3]. In addition, increasing the total level of
daily movement, such as the number of steps taken, has been
strongly inversely associated with therisk of developing chronic
diseases[4,5]. Thereisalso mounting evidencethat the amount
of time spent sedentary is an important determinant of health
status independent of PA levels. For example, Wilmot and
colleagues[6] found that when comparing those with the highest
levels of sedentary behavior to those with the lowest levels,
independent of PA levels, there was a 112%, 147%, 90%, and
49% increase in the relative risk of type 2 diabetes,
cardiovascular disease, cardiovascular mortality, and all-cause
mortality, respectively. Moreover, how sedentary time and PA
are accumulated throughout the day may al so beimportant, with
frequent breaksin sedentary behavior associated with ahealthier
metabolic profile [7]. This has necessitated a paradigm shift
that focuses on both the accumul ation of MV PA (thetraditional
focus of lifestyle interventions) and the importance of postural
allocation throughout the waking hours.

Over the last decade, there has been a plethora of tools
developed to support PA and sedentary behavior change, of
which the greatest growth has been seen in self-monitoring
tools. Self-monitoring is defined as “a person closely and
deliberately monitors their own behavior” [8,9] and “allowing
the modification of their behaviors to achieve predetermined
goalsor outcomes’ [10] and has astrong theoretical foundation
for behavior change. Self-regulation theory posits that
self-monitoring precedes self-evaluation of progress made
toward one’'s goal and as well as preceding self-reinforcement
of behavior for progress to be made [9]. Furthermore, Control
Theory proposesthat self-monitoring of behavior, setting goals,
receiving feedback, and reviewing relevant goal swith feedback
work synergistically and are central to self-management and
behavioral control [11,12]. Self-monitoring, therefore, can
increase an individual’s persona responsibility, promote
independence, and individuals can create their own pathways
toward goal achievement by taking an active rather than passive
role [13]. When included in behavior change interventions,
self-monitoring has proven to be an effective behavior change
strategy across avariety of behaviors, including smoking, diet,
and PA, and it is considered a foundation of lifestyle behavior
change interventions [12,14].

Traditionally, self-monitoring of PA and sedentary time occurred
via paper-based journal methods [14]; more recently, the
pedometer became a popular method of self-monitoring for
interventions designed to increase PA. Individuals who used
pedometersincreased their PA by 26.9% from baseline activity
levels [15]. Subsequently, advances in technology have led to
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aproliferation in the number of bodily worn electronic devices
becoming available that go beyond simply measuring and
providing feedback on the number of steps per day (eg, Fitbit,
Jawbone). Along with PA, electronic devices are also starting
to measure sitting time, provide real-time feedback, as well as
encouraging interruptions in prolonged sitting. It has been
suggested that the use of these electronic approaches to
self-monitor might lessen the burden of traditional methodsand
may improve adherence to self-monitoring resulting in greater
achievement toward behavioral goals[16].

Thisincreased availability of electronic self-monitoring devices
provides an opportunity for researchers to utilize these novel
technologies as an aid for behavior changein PA and sedentary
behavior on alarge scale. Furthermore, wearable technologies
areincreasingly integrating health care systems. Recent reports
from the National Information Board in areview of the National
Health Service in the United Kingdom indicate the need for
“citizens’ to start playing amore activerolein their health care
by accessing, entering, and uploading datainto their own online
medical record. Under these new plans, citizenswill be ableto
access and download their detailed medical records as well as
contribute to it with information from their personal wearable
technology or biosensors [17,18]. In addition, as more health
care providersin the United States move to a value-based care
system (ie, “reward points’ for positive lifestyle aterationsthat
can be redeemed for discounts on a range of products and/or
activities), mobile technologies that promote health and
well-being by engaging in important health behaviors (eg,
increased MV PA) will continue to grow and have the potential
to be an integral piece of future health care systems. In light of
this, areview of the current tool s used to self-monitor PA and/or
sedentary time has the potential to be a valuable resource to
researchers, clinicians, health care providers, and the general
public.

Therefore, it seems timely to review the characteristics and
measurement properties (eg, wear location, integrated sensors,
outcomes measured) of currently available self-monitoring
devices, both those marketed to consumers and those used in
research settings, that have been (or could be) utilized in, or
developed for, real-time self-monitoring of sedentary behavior
and/or PA.

Methods

Sear ches

The search strategy was built around three groups of keywords:
behavior (ie, PA and sedentary behavior), measurement, and
population. A detailed description of the keywords used and
method of combination can be found in Multimedia Appendix
1. For the purposes of this study, toolswere deemed to measure
sedentary timeif they could measure the wearer’ s sitting and/or
reclining posture.

Scopus, Medline, Web of Science, and the Institute of Electrical
and Electronic Engineers (|EEE) databases were searched using
these keywords from the inception of the databases to October
1, 2015. In addition, manual searches of personal files were
conducted and referencelists of primary studieswere screened.
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Internet Search Engines

Because of the rapid release of technology in the consumer
electronic area, agrey literature search of relevant websiteswas
conducted for technologies that allow for the self-monitoring
of PA and sedentary time but may not have made it into the
published research to date. Keywords based on the same groups
asthe database searches were used to search the I nternet engines
Google, Bing, and Yahoo. Searches were extracted for later
review using aspecialized browser plug-in. Thefirst 200 search
results from each search engine were extracted for further
review; this was a pragmatic approach because it was deemed
that results after the first 200 were either not relevant or
repetitive. This ensured that the results were unaffected by the
changing algorithms of Web search engines. Searches were
completed on October 1, 2015.

Study Inclusion and Exclusion Criteria

Two sets of inclusion criteria were developed for research
articles and websites. For inclusion in the review, studies were
required to (1) include adults aged 18 years or older, (2) be
published in English, and (3) describe a device that objectively
self-monitors PA, physical inactivity, and/or sedentary
time/sitting and can, or has the potential to, provide feedback
to the user. Traditionally, there would also be a criteria based
around study type; however, in order to obtain the widest variety
of devices, thiswas not included.

For inclusion in the review, only websites from manufacturers
were included (ie, blogs or consumer reviews pertaining to
technologies of interest were excluded) and devices that had
the ability to self-monitor and were available for purchase at
the time of the review were included.

Data Extraction

Potentially relevant articles were selected by screening titles,
screening abstracts, and if abstracts were not available or did
not provide sufficient data, the entire article was sought and
screened to determine whether it met the inclusion criteria
Relevant websites were selected by screening webpage titles
and screening devices on relevant webpages to determine
whether it met the inclusion criteria. Data were extracted on
standardized forms developed for this review.

Information on the devices was extracted from articles and
cross-referenced with the device manufacturer’s information.

http://www.jmir.org/2016/5/e90/
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Validity data on each device was not extracted; instead, articles
with relevant validity data, where available [19-38], were
referenced in the data table because the authors chose to focus
this review on the characteristics of the devices to alow the
reader to make a judgment about their efficacy as
self-monitoring tools.

A 10% subsample of potentially relevant articles retrieved for
full-paper screening were extracted by a second author (AL) to
determine interrater agreement. Interrater agreement was high
(Cohen’s kappa=.81). If any discrepancies arose, these were
resolved by discussion between authors.

Self-Monitor Scoring

Each device was designated a self-monitoring code: (1) yes,
self-monitors PA (Y m); (2) yes, self-monitors PA and physical
inactivity, such as self-monitoring and feedback on lack of
movement (Y p); and (3) yes, self-monitors sedentary time (Y 7).

The different attributes of the self-monitoring devices were
based on Control Theory [11]; specifically, the ability to receive
feedback (defined asthe provision of informative and actionable
insights on the performance of the behavior) and the ability to
set goal s (defined as agreeing on a goal/target defined in terms
of the behavior to be achieved) [8]. Aspects included the
different types of feedback (eg, vibratory, auditory, omnipresent
in the form of colors or lights, or potentialy via push
notifications). Also included wasthetiming of thefeedback (ie,
immediate or delayed). Other featuresincluded theway in which
the data were portrayed (eg, numeric data/graphical
representation of the data). The platform pervasivenesswas also
included (ie, number of different devices/operating systemsthe
data could be viewed on). Each of these was broken into the
feedback attributes that were available on either the device or
the backend platform (defined asthe smart device/software that
the technology connected to). Other attributes included were
goal-setting capability of the device and whether the device or
associated software could be customized by the end user via
some method, usually an application programming interface or
software development kit. Textbox 1 provides a detailed
description of each self-monitoring attribute. Each attribute was
split into whether the attribute was present on the device itself
(denoted with “D”) or whether it was present on the backend
platform (ie, mobile phone/tablet; denoted with “BP”).
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Textbox 1. Description of the self-monitoring attributes coded.
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MP3)

(eg, Fitbit Flower)

the user

Numeric: data are returned in the form of numbers/figures or statistics
Graph: data are returned in the form of graphical representation
Written/textual feedback: data are returned in the form of textual feedback

(eg, UbiFit Garden)

Website: can the data/feedback be viewed on awebsite?
Goal-setting capability: can predetermined goals be set by the user?

Auditory: feedback on behavior provided verbally from device (eg, via Sensoria voice-over feedback regarding ground contact from smartphone/smart

Vibratory: haptic feedback on predetermined behavioral thresholds provided using vibrations (eg, LumoBack)

Omnipresent: feedback that isvisible all thetime, usually in the form of aprogression bar that changes with advancement toward predetermined goals
Push natification: the delivery of information regarding behavioral goals from a software app to a computing device without a specific request from

Immediate: whether the data/feedback are immediate in its return to the user (eg, LumoBack)
Delayed: whether the data/feedback are delayed in its return to the user (eg, ActiGraph)

‘Ometer (omnipresent meter): data are returned in the form of agrowing or shrinking picture/image based on completion toward a predetermined goal

Application: what operating system the mobile app can be accessed on for viewing the data/feedback

Software: the operating systems it can be accessed on if a piece of computing software is present for use at viewing the data

Customization: can the device or mobile app be customized by the end user (eg, via a software development kit)?

Each device was given ascore between 1 and 6 for each attribute
of behavior change. This scorewas used to describetwo factors:
(1) whether or not that device contained that behavior change
attribute and (2) to what extent it did or did not contain the
attribute. The self-monitoring scoring system that was used for
each attribute was (1) yes,; (2) yes, difficulties (eg, proximity
to computer); (3) yes, lack of evidence to suggest this; (4) no,
but present in future iterations; (5) no, but possible (with
application programming interface or software devel opment
kit); and (6) not described/featured.

This scoring system was meant to be a descriptive tally of the
behavior change attributes and not a judgment on the
effectiveness of the various features.

Results

Review Statistics

Database searchesidentified 49,956 articles (Figure 1), of which
462 were deemed to be potentially relevant and were retrieved
for full-text analysis. Articles were excluded for a number of
reasons (n=337):

1. Pedometer studies: these were excluded if no evidence
could be found that the pedometer in question provided
temporally stamped data.

http://www.jmir.org/2016/5/e90/

2. Prototypes: if the device was not commercialy available
or if no data currently existed for the prototype and only
proof of concept information was avail able were excluded.

3. Hedlth outcome: articles were excluded if they examined
the relationship between behavior (eg, sedentary behavior
and/or PA) and a particular health outcome (eg, blood
pressure, lipid profile) and the measurement tool of choice
was not the main focus of the article.

4. Miscellaneous: articleswere excluded if the purpose of the
study was to examine a new algorithm or data processing
procedure for device analysis.

The remaining 125 studies (on 46 devices) and 90 websites
yielded 146 devices (see Multimedia Appendix 2) that were
selected for detailed scrutiny. Of these, 64 werefurther removed
because there was no evidence that they were designed for, had
been used in, or could readily be modified for rea-time
self-monitoring purposes or that they were not currently
available for purchase.

The remaining 82 [39-119] technologies were included in this
review. Of these, 73 [39-110] technologies measured /
self-monitored PA, of which 16
[43,45,55,56,58,62-66,81,86,90,91,94,103,107-109] provided
some measure of physical inactivity (see MultimediaAppendix
3). In all, 9 [111-119] technologies measured self-monitored
sedentary time (Multimedia Appendix 4), 8[111,112,114-119]
of which measured both PA and sedentary time.
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Figure 1. Study/website selection.
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Physical Activity Self-Monitoring Technologies

Figure 2 displays the number of self-monitoring attributes
apparent in each of the devices found to measure/self-monitor
PA. The device with the highest number of feedback attributes
wasthe Microsoft Band [ 77] with 18 of 28 feedback possibilities
that were coded. The most common feedback attribute used in

http://www.jmir.org/2016/5/e90/

the devicesfound wasjoint numeric and graphical datafeedback
on the associated backend platform, with 94% of the devices
that self-monitored PA displaying these attributes. The least
common form of feedback attribute was auditory feedback from
the device (D_Auditory). This particular type of feedback was
only present in 2% of cases (Figure 3).
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Figure 2. Technologies found that can be used to self-monitor and provide feedback on PA ordered by number of self-monitoring attributes that were
found to be present in the technologies.
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Figure3. The proportion of devicesthat could be used to self-monitor and provided feedback on physical activity with specific self-monitoring attributes.
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Sedentary Time Self-M onitoring Technologies

Figure 4 displays the number of self-monitoring attributes
apparent in each of the devices found to measure/self-monitor
sedentary time. Figure 5 documents the popularity of the
self-monitoring attributes with sedentary time self-monitoring
devices. The device with the highest number of feedback
attributeswasthe Lumo Back posture sensor and feedback coach

http://www.jmir.org/2016/5/e90/

RenderX

[17] with 13 of 28 feedback possihilities that were coded. The
most common feedback attribute used in the devices found was
joint numeric and graphical data feedback on the associated
backend platform, with 81% of the devices that self-monitor
sedentary time displaying these attributes. The least common
form of feedback attribute was push notification of feedback
from the device of sedentary time on the device. This particular
type of feedback was not present in any of the devices found.
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Figure 4. Technologiesfound that could be used to self-monitor and provided feedback on sedentary time ordered by number of feedback elementsin

the technologies.
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Discussion

The present systematic review sought to identify current
measurement technologies available that could be used for
real-time self-monitoring of sedentary time and/or PA. The
review identified 125 articles on 46 device and 90 websites, for
a combined total of 146 technologies that monitor sedentary
time and/or PA. Of these, 82 devices were considered capable
of self-monitoring sedentary time and/or PA. These devicescan
be used by researchers, clinicians, and the general public.

Technologies that self-monitor PA mainly come from the
consumer health and fitness market. In general, these devices
consist of an accelerometer for activity measurement (steps,
calories burned, distance traveled) with varying secondary
sensors, including gyroscope, inclinometer, lux sensors, skin
sweat sensors, and other sensors that provide additional pieces
of information. However, these devices will provide feedback
only on PA and increases in PA do not automatically lead to
decreasesin sedentary time [120]. Additionally, moreand more
of these devices are providing feedback on not only the amount
of PA, but also the length of time spent inactive.

There are devicesfrom both the commercia and research sectors
that self-monitor sedentary behavior. These devices tend to
measure sedentary time in two different ways. Firstly, posture
sensors measure sedentary time either through an accelerometer
in conjunction with gravitational components and proprietary
algorithms (eg, activPAL) or through the alignment of the area
of the body surrounding the pelvic area(ie, pelvic alignment is
different depending on standing, sitting, and lying). The other
way technol ogiestend to measure sedentary timeisviapressure
sensors. These pressure sensors are either located in a sock,
shoe, or chair. When placed in asock or shoe, the pressure can
determine standing when there is pressure on the sensor and
when thereisless pressurethe wearer issitting or lying. Located
on achair, thereisasimple binary outcome: when the pressure
sensor is active the user is sitting and when it is inactive there
isno sitting behavior at that site.

Both these types of devices usually provide feedback either via
vibratory feedback (eg, Jawbone UP) or via an omnipresent
display on the device (eg, Garmin Vivofit). These devices tend
to, but not exclusively, connect to a mobile app for feedback
on the PA and sedentary time. For PA, this usually takes the
form of energy expenditure or proprietary company points (eg,
Nike Fuel). For sedentary time, this usualy takes the form of
time spent sitting (eg, LumoBack) These maobile appsallow the
wearer to receive real-time continuous feedback along with
goal-setting capabilities and customization of type and timing
of feedback; this is an aspect not traditionally offered by
research devices.

With the plethora of devices now available (see Figure 6 for an
example of popular devices), with differing attributes and cost,
it is unsurprising that these devices are growing in popularity.
However, and perhaps paradoxically, there are a small number
of devices specificaly designed to measure sitting time.
Furthermore, the small number of devices that do provide
feedback on sitting were not either originally designed for its
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measurement (eg, LumoBack) or are still primarily research
toolsto be used in scientific study (eg, ActivPAL VT).

Self-monitoring technol ogies need to provide real -time feedback
on aspects of PA and sitting that are personalized and relevant
to the individual (ie, the attributes of real-time feedback must
resonate with the individual and not be simply information that
has been presupposed for them). Additionally, the immediate
feedback should be of alow cognitiveload so that it can resonate
immediately with the end user [121,122]. For example, the Fitbit
one hasagrowing flower as afeedback indication of progression
toward a user-defined goal. Using a pictorial representation of
this nature will resonate easier with the user [123,124].
However, more detailed information on the temporal patterning
of the behavior, for example, should be accessible from amobile
app, website, or software. Furthermore, the likelihood of the
feedback being acted upon could be increased if it is provided
in amanner that is context aware. In other words, the feedback
must be given at atime when it can be acted upon by the user.
For example, to reduce sitting, it should provide feedback while
watching television rather than sitting in an exam or during a
prolonged dental procedure. If these attributes could be
integrated into a single device, it would help facilitate its use
by differing populations regardless of technological ability.
These devices need to have asubstantial battery life and memory
capacity at areasonable cost. For this to occur, thereis a need
for cooperative work across different research disciplines and
commercial fieldsto devel op these context-aware, personalized
feedback devices.

Not every user will have the same needs and the presentation
of actionableinformation will need to betailored to fit individual
needs. In addition, simply providing more medical data to
patients not only failsto guarantee improved outcomes, but also
could potentially lead to negative consequences [125]. Activity
trackers have poor evidence of prolonged use, with a
conservatively estimated one-third discontinuing use by 6
months after initiation [126]. A recent study of several toolsto
encourage medication adherence in older adults, a major area
of focus of mHealth devel opers, found that the most common
descriptors participants used to describe their experience with
the devices were “frustrating” and “challenging” [127]. In
another study of the usage of adietary app to promote healthy
eating, investigators found that fewer than 3% used the app for
at least 1 week and fewer than 10% of these individuals made
positive changes in their diet [128]. Users require
consumer-friendly devices and apps that are self-reinforcing
and enjoyable to use. These goals might be accomplished with
the use of incentives, gamification, and social networks to
promote managed competition/cooperation among peers or
family members.

In order for the promise of wearable technology to be fully
realized, consumers, providers, and health care systems must
be ableto trust the reliability, privacy, and security of their data
as well as the devices that collect and share it. Although
regulatory oversight is often considered to be an impediment
to therapid propagation of innovative technol ogies, the existence
of potential scamsthat could harm the end user dictatesthe need
for some level of oversight. Globally, there is a great deal of
uncertainty around wearable technology regulation; there are
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numerous countriesthat have no regulatory framework, whereas
the other countries that do have a framework are still in their
infancy and being actively refined [129,130].

Wearabl e technology users are also concerned about the privacy
and ownership of their health data. In the era of big data, it is
critical that the terms of ownership of persona data, most
especially medical data, be unmistakably stated—not buried in
the commonly unread and then accepted terms of use
agreements—with usersrequired to explicitly consent whenever
their data are sold or transmitted to others[131].

One of the benefitsof mHealth iseasier accessibility to pertinent
health care data, but thisincreased availability to both consumers
and providers creates the potential for substantial security risks.
Because of the small size of the device, it becomes easier to
inadvertently lose or easier to steal, which may mean that the
information stored on the device becomes accessible to others.

Asconsumer demand for wearable sensor increases, health care
providerswill face the possibility of being inundated by aflood
of patient data. Thiswill create anumber of difficult challenges,
including the potential requirement for 24/7 oversight, the need
to summarize multiparameter, continuously collected data into
ausable and clinically meaningful format [132].

The strengths of this review are the systematic approach taken
and the comprehensive range of technol ogies found. However,
there are somelimitations. Dueto the nature of articlesincluded,
it was not possibleto present data on the validity and reliability
of the devices in their ability to measure sedentary time.
Similarly, due to the fact that self-monitoring using objective
measurement tools is in its infancy, there are gaps in the
literature asto whether these devicestruly work as self-monitors;
consequently, we cannot comment on how useful or valid they

Sanders et al

areinthese settings. However, validity dataareimportant. Users
of self-monitoring technologies must be able to trust in the
feedback that is being returned to them otherwise they may
become disenfranchised with the tool and the behavior change
tool. Therefore, incorporating important valid data with the
feedback tools means additional value can be added to the
consumers and potentially more potent behavior change.

In conclusion, the authors believe that thisreview isthefirst of
its kind to systematically describe the wide breadth of devices
that self-monitor and provide feedback on PA and sedentary
behavior. There has been an explosion in the number of devices
that measure PA and thereisagreater need for the devel opment
of toolsthat specifically measure sitting time. Cooperative work
between engineers, computer scientists, and academics in
relevant fields is needed to develop these technologies that
provide real-time, personalized, context-aware feedback to aid
in the reduction in sitting time and its detrimental effect on
cardiometabolic health independent of PA. This could
potentially lead to the use of these devices in a health care
setting as part of the increasing value-based care systems that
are starting to arise in the United States or as a diagnostic tool,
which is beginning to be implemented in the National Health
Servicein the United Kingdom.

This scoping review provides arecord of a plethora of devices
with information on their capabilities both in terms of their
ability to measure behavior and to provide feedback to the user,
providing afoundation for clinical, research, and public health
use. Future studies are needed to further investigate the validity
of these devices and their feasibility in increasing PA and/or
decreasing sedentary time and the public health impact this may
produce.

Figure 6. Example of devices discussed in this review. Clockwise from top left: Fithit Charge HR, Garmin Vivofit, Jawbone Up, Nike Fuelband SE,

Lumo Back Posture Sensor, and amobile app.
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Abstract

Background: Diabetes mellitus is spreading throughout the world and diabetic individuals have been shown to often assess
their food intake inaccurately; therefore, it isamatter of urgency to devel op automated diet assessment tools. The recent availability
of mobile phones with enhanced capabilities, together with the advances in computer vision, have permitted the devel opment of
image analysis apps for the automated assessment of meals. GOCARB is a mobile phone-based system designed to support
individual s with type 1 diabetes during daily carbohydrate estimation. In atypical scenario, the user places areference card next
to the dish and acquires two images using amobile phone. A series of computer vision modules detect the plate and automatically
segment and recognize the different food items, while their 3D shape is reconstructed. Finally, the carbohydrate content is
calculated by combining the volume of each food item with the nutritional information provided by the USDA Nutrient Database
for Standard Reference.

Objective: The main objective of this study is to assess the accuracy of the GoOCARB prototype when used by individuals with
type 1 diabetesand to compareit to their own performancein carbohydrate counting. In addition, the user experience and usability
of the system is evaluated by questionnaires.

Methods: The study was conducted at the Bern University Hospital, “Inselspital” (Bern, Switzerland) and involved 19 adult
volunteers with type 1 diabetes, each participating once. Each study day, atotal of six meals of broad diversity were taken from
the hospital’ srestaurant and presented to the participants. The food items were weighed on astandard balance and the true amount
of carbohydrate was calculated from the USDA nutrient database. Participants were asked to count the carbohydrate content of
each meal independently and then by using GOCARB. At the end of each session, a questionnaire was completed to assess the
user's experience with GOCARB.

Results: The mean absolute error was 27.89 (SD 38.20) grams of carbohydrate for the estimation of participants, whereas the
corresponding value for the GOCARB system was 12.28 (SD 9.56) grams of carbohydrate, which was a significantly better
performance ( P=.001). In 75.4% (86/114) of the meals, the GOCARB automatic segmentation was successful and 85.1% (291/342)
of individual food items were successfully recognized. Most participants found GoCARB easy to use.
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Conclusions: Thisstudy indicatesthat the system is able to estimate, on average, the carbohydrate content of meals with higher
accuracy than individuals with type 1 diabetes can. The participants thought the app was useful and easy to use. GOCARB seems
to be awell-accepted supportive mHealth tool for the assessment of served-on-a-plate meals.

(J Med Internet Res 2016;18(5):€101) doi:10.2196/jmir.5567

KEYWORDS

diabetes mellitus, type 1; carbohydrate counting; computer vision systems; food recognition; meal assessment; mobile phone;

food volume estimation

Introduction

The disease burden related to diabetes mellitus (hereafter,
diabetes) ishigh and is till rising globally, fuelled by the global
rise in the prevalence of obesity and unhealthy lifestyles. The
latest estimates show aglobal prevalence of 387 million people
with diabetes in 2015, which is expected to rise to 592 million
by 2035[1]. Of every US $9 spent in health care, US$1 is spent
on diabetes corresponding to an estimated expenditure of US
$612 hillion worldwide in 2014 [2]. Premature morbidity,
mortality, reduced life expectancy, financial, and other costs of
diabetes make it one of the key public health conditions of the
21st century. Type 1 and type 2 diabetes are the two main types,
with type 2 diabetes accounting for the majority (>85%) of total
diabetes prevalence[1,3]. Approximately 5% to 15% of patients
suffer from type 1 diabetes. Type 1 diabetes is an autoimmune
process that completely destroys the insulin-producing
pancreatic beta cells, leaving the individuals dependent on
exogenous insulin. Achieving a metabolic state close to the
physiological is a very challenging task and involves glucose
monitoring, insulin treatment, diet management, controlled
physical activity, and continuous education on diabetes
management. Despite the availability of new drugs, advanced
educational programs, and technical solutions that permit
continuous glucose monitoring and subcutaneous insulin
infusion (insulin pumps), episodes of hypo- and hyperglycemia
are still common and the risk of micro- and macrovascular
diseases related to diabetes (eg, cardiovascular diseases,
retinopathy, and nephropathy) is high.

Estimating the amount of insulin to deliver is one of most
challenging and essential tasksin the everyday life of individuals
with diabetes. Counting the carbohydrate content of meals to
be consumed isa cornerstone of optimal insulin dose estimation.
It has been shown that an inaccuracy of £10 grams does not
impair postprandial glycemic control in children [4], but a
variation of +20 grams significantly affects postprandial
glycemia [5]. To this end, individuals with diabetes attend
nutritional courses on carbohydrate counting; however,
according to numerous studies, patients face recurrent
difficulties [6-9]. Meals on a plate are especially prone to
carbohydrate underestimation, which underlines the emergent
need for novel approaches to carbohydrate estimation. The
debate on how to optimally estimate carbohydrate intake and
facilitate advanced carbohydrate-counting regimes is ongoing
and controversial [10].

Over the last two decades, a number of apps have been
introduced to track carbohydrate consumption. A recent
systematic review analyzed 31 digital approachesto record food

http://www.jmir.org/2016/5/e101/

intake and nutrition [11]. These systems use different
devices—mostly mobile phones, followed by personal
computers, and, in older studies, persona digital assistants.
They are primarily designed for users who are overweight or
obese, with diabetes mellitus, or who want to stay healthy.
However, the vast mgjority of the apps reviewed, except for
two using a barcode scanning function, relied on manual input
of data either by typing or by selecting a food type from a
database. Other proposed systems employ trained health care
workerslocated at aremote location and giving advice on food
type, volume, or calorie content. One example is the remote
food photography method that relies on the user to take mobile
phone pictures of her/his meals, snacks, and beverages, which
arethen remotely transferred to atrained person who compares
the meal to an existing image database and rates its nutrient or
caloric content [12]. However, these methods have many
limitations in terms of user-friendliness, cost-effectiveness,
availability on a large scale, and reproducibility. In a recent
study [13], a mobile phone app using augmented reality was
proposed that facilitates the estimation of ameal’s carbohydrate
content by considering its three-dimensional (3D) shape as
drawn by the user on the mobile phone screen. According to
this study, the system helped users improve their carbohydrate
estimation skills, although the required manual input is still
burdensome.

All methods presented for nonpacked food assessment have
either relied on manual user input or involve aremotely located
human component. The recent advancesin computer vision and
the widespread use of mobile phoneswith enhanced capabilities
have permitted the development of image analysis apps for the
automatic assessment of food intake. The input of such an app
is a number of images or a short video of the upcoming meal
as captured by the user’'s mobile phone camera. A series of
image analysis steps follows, executed either on the mobile
phone or on a remote server, to recognize the types and
quantities of the meal’s food items and to estimate the
corresponding nutritional information. Over the last few years,
several systems have been proposed with different assumptions,
input requirements, and a gorithmic approaches [14-16].

The first attempt was made by DiaWear, a system aiming to
provide calorie information to diabetic patients [17]. DiaWear
considers four fast-food classes and requires one image, with
the foods placed on a lighter background and separated from
one another. The nutritional content is found directly from
reference tableswithout attempting to estimate the volume. The
Pittsburgh Fast-food Image Dataset was created to test food
recognition algorithms and contains seven classes of fast-food
products [18,19] but, again, the food portion is not considered.
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The system devel oped within the Technol ogy-Assisted Dietary
Assessment project uses one meal image and covers 19 food
classes [20]. Food volume is estimated by fitting spherical or
prismatic 3D models on the detected food areas. However, the
use of asingleimage to estimate the food's volume inevitably
depends on weak assumptions about its 3D shape. The use of
multiple images by some systems enhanced the results,
especialy for the volume estimation. The Food Intake Visual
and Voice Recognizer [21] uses a short video of the meal from
which three images are extracted and used for dense stereo
reconstruction and volume estimation. For recognition, 26 food
types are supported; nevertheless, the system relies on the user
to enter food types through speech because this enhances
classification accuracy. DietCam [14], a system for calorie
estimation, requires three images or a video of a mea and
segments/recognizes food items by visually matching them to
adatabase. The volumeis estimated by sparsely reconstructing
its 3D shape and fitting an appropriate model. However, critical
system characteristics, such asthe food classes considered, are
not specified. Pouladzadeh et al [15] proposed a system for
calorie measurement considering 30 food classes and using the
thumb as a reference object. The first image is taken from the
top to estimate the food area, the second from the side to
estimate height, and then the two values are multiplied to obtain
the volume. However, capturing the dish from the side causes
occlusions, while assuming constant height for all thefood items
will introduce large errors as does any misplacement of the
thumb.

GoCARB is a novel system for carbohydrate estimation
designed for individualswith type 1 diabetes and aimsto achieve
carbohydrate estimation with an error less than 20 grams per
meal. In aprevious study, the system was technically evaluated
using 24 multifood dishes [16]. The entire evaluation was
performed by the researchers involved under controlled
conditions. The results showed that the prototype was able to
estimate the carbohydrate content with a mean absolute error
in the order of 10% (SD 13) or mean 6 (SD 8) carbohydrate
grams per meal. The scope of the present study isto assess the
performance of the GoCARB prototype when used by
individuals with type 1 diabetes and compare it to their own
performance in carbohydrate counting.

Methods

GoCARB System

GoCARSB is a hovel system that aims to support individuals
with type 1 diabetesin carbohydrate counting. The system runs
on Android mobile phones and uses computer vision to estimate
the carbohydrate content of meals. An overview of the system’s
main intermediate resultsis presented in Figure 1, whereas the
corresponding flowchart is shown in Figure 2. For each
estimation, the user places areference card next to the meal and
acquirestwo images using the cameraof the mobile phone. The
images are acquired at 0+3 degrees and at 15+3 degrees from
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the vertical axis crossing the center of the dish, respectively. A
graphical user interface supportsthe user in choosing the optimal
angles for each image based on the built-in motion sensors of
the mabile phone; the user is only allowed to take the picture
when the frame turns green (Figure 3 ab). The system was
designed to have minimum assumptions; namely, that the scene
contains only one dish, which should be round, and that there
should be no occlusion among the different food items in the
dish. After acquisition, theimages are transmitted to a dedicated
server via Wi-Fi or the mobile network, where a series of
computer vision operations are performed. All computer vision
modules run on the server, whereas the mobile phone is used
for image acquisition, calculation of carbohydrate values, and
visualization of the results.

Thefirst step in the seriesisto detect the dish and automatically
segment the different food itemsinit [22] (Figure 3 c). Thedish
is detected by extracting the edges of the image and applying
arobust fitting paradigm to find an elliptical plate border. The
accuracy of this step was estimated to be over 99%, which is
essential because the rest of the system relies on it. Automatic
segmentation then grows homogenous color regions on a grid
inside the dish and merges them on the basis of their color
distance and mutual edge size until a minimum sizeisreached.
The accuracy of this module is over 88% and, if it fails, an
interactive segmentation tool can be used, whichisreliable even
for the most difficult cases. To this end, the user hasto roughly
indicate the position of each food item by touching the screen
of the phone (Figure 3 d). These user-given points are used as
“seeds’ instead of a grid to grow homogenous color regions
that correspond to each food item. As soon as the segmentation
result is approved by the user, automatic recognition [23] is
applied to each segmented food item by using color and texture
featuresfed to asupport vector machine. Nine broad food classes
are considered; namely, pasta, potatoes, meat, breaded (eg,
schnitzel), rice, green sal ad/vegetabl es, mashed potatoes, carrots,
and beans. The accuracy of this automatic recognition is over
85%. If the result iswrong, the user may correct the system by
choosing the right food classfrom an ordered list in accordance
with the confidence of the classifier (Figure 3 €). The food's
3D shape is then reconstructed [24], utilizing both acquired
images and the reference card. Key points are detected and
matched between the two images to define the orientation and
location of theimagesin space. Using thisinformation, all image
pixels are put in correspondence between the two images and
their disparity provides the depth used to build the 3D model.
By using the 3D model and the segmentation results, the volume
of eachitemis calculated and used to obtain the corresponding
carbohydrate content based on the US Department of Agriculture
(USDA) nutrient database [25]. For each of the nine food
classes, all relevant entries in the database are identified and
the mean carbohydrate density is assigned to it. Finally, the
results are transmitted back to the mobile phone and displayed
to the user (Figure 3 ). More detailed information on technical
specifications can be found el sewhere [16,22-24].
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Figure 1. Overview of the GOCARB system.

Figure 2. Flowchart of the GOCARB system.
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Figure 3. Screenshots of the GOCARB app: (a) the red frame indicates wrong angle so image acquisition is disabled, (b) when the frame turns green,
the user can take an image, (c) the result of the automatic segmentation, (d) user-given seeds required for the semiautomatic segmentation, (€) the result
of the recognition with the option of manual correction, and (f) the results screen displayed to the user.
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Study Setup

Nineteen adult individualsreceiving regular care at the Division
of Endocrinology, Diabetes and Clinical Nutrition of the Bern
University Hospital, “Inselspital” (Bern, Switzerland) were
asked to participate in the GOCARB study, which lasted a total
of 10 daysduring July and August 2014. The GOCARB system
was preinstalled on two types of mobile phones, Samsung
Galaxy $4 and Nexus 5, both running the Android operation
system (version Jelly Bean 4.2). Every day of the study, two
standard dishes were ordered from the hospital restaurant, each
inthree sizes (small, normal, and large), resulting in six different
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dishes per day and 60 dishesin total. Each dish contained three
food itemsthat corresponded to common sources of protein (eg,
meat, fish), carbohydrates (eg, pasta, rice), and vegetables/salads
(eg, lettuce, carrots). Figure 4 presents some examples of these
dishes. The food items were weighed with a household scale
and the true carbohydrate content in grams was defined using
the USDA National Nutrient Database for Standard Reference.
Each participant joined the study for one session during which
she/he was asked to estimate the carbohydrate content of each
of the six meals on her/his own and then by using the GoCARB
system. The 19 participants were randomly distributed over the
10 days of the study so some dishes were shown to multiple
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participants. Therefore, atotal of 114 (19x6) estimations were
made even though there were 60 unique dishes. Before using
the app, every participant received short training and adetailed
written user manual. At the end of each session, aquestionnaire
was completed to assess the user’s experience with GoCARB.
The questionnaire was a combination of closed and open
guestions and was used to gather information about the
satisfaction and perceived useful ness of the mobile phone app.
Because this study did not collect nor analyze patient-specific
clinical data, the study was exempted from formal ethical
approval.

Participants

The mean age of the participants was 40.5 (SD 11.5) yearsand
all but one were mobile phone users. Among the mobile phone
owners, 12 were familiar with iOS, five with Android, and one
with Blackberry OS. Of these, 16% (3/19) used a

Figure 4. Examples of the dishes used for the study.

Rhyner et &

nutrition-related app in their everyday life, whereas only 11%
(2/19) used a health-related app.

Statistical Analysis

For statistical comparison, we used the mean absolute error of
the participants’ estimates with and without using GoCARB.
The data were nonnormally distributed; therefore, an
independent Mann-Whitney Utest was applied for significance
testing. Descriptive statistical analysis was performed in
open-source software R [26] and SPSS version 23 (IBM Corp,
Armonk, NY, USA). The questionnaire investigating usability
and user satisfaction included 24 Likert-scale questions, three
polar questions, and three open questions. Likert-scale questions
ranged from “do not agree at al,” “do not agree” “neutral,’
“agree,” to “agreestrongly” for general GoOCARB usability and
from “very bad,” “bad,” “neutral,” “good,” to “very good” for
the performance of automatic and interactive GoCARB features.

" ou

Results

Carbohydrate Estimation: GoCARB Versus
Individuals With Type 1 Diabetes

As presented in Table 1, the mean absolute error of the
participants with type 1 diabetes was 27.89 (SD 38.20) grams

of carbohydrate, whereas the corresponding values for the
GoCARB system was 12.28 (SD 9.56) grams of carbohydrate,
lessthan theinitial target of 20 grams. Thisimprovement in the
estimation error was statistically significant ( P=.001). The
corresponding mean relative error in carbohydrate estimation
was 54.8% (SD 72.3%) for the participants and 26.2% (SD
18.7%) for GoCARB.

Table 1. Performance of participants (N=19) in carbohydrate estimation with and without GoOCARB.

All participants Absolute error (grams), mean (SD) Absolute percentage error (%), mean  Absolute errors <20 grams, n
(SD) (%)

Without GoCARB 27.89 (38.20) 54.8 (72.3) 67/114 (58.8)

With GoOCARB 12.28 (9.56) 26.2 (18.7) 92/114 (80.7)

Distribution of Estimation Errors

Figure 5 provides the distribution of errors for carbohydrates
as counted by the individuals with type 1 diabetes and as
estimated by using the GOCARB system. In the case of
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self-assessment, the error distribution was broad with outliers
up to 200 grams of carbohydrate. In the case of GoOCARB, the
errorswere symmetric and concentrated around zero. In general,
the individuals with type 1 diabetes more frequently (60.5%,
69/114) underestimated the carbohydrates of a meal; however,
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the error was higher in the case of the overestimation. The
GoCARB system exhibited an evenly balanced distribution of
under- and overestimation, 50.9% (58/114) and 49.1% (56/114),
respectively, whereas the errors were amost of the same
magnitude for both under- and overestimations. Furthermore,
in 58.8% (67/114) of the cases of carbohydrates counted by the
individuals with type 1 diabetes, the error was in the range of
—20 gramsto +20 grams, whereas with GOCARB the estimations
werein the required range in 80.7% (92/114) of the cases. The

Rhyner et al

analysis was followed by looking for outliers in carbohydrate
estimations as counted by the individuals with type 1 diabetes.
Examining the data (see Figure 6), one participant wasidentified
who consistently overestimated all her/his meals. The mean
absolute estimation error for this participant was 158.19 (SD
26.09) grams of carbohydrate. As seen in Table 2, even by
excluding the one participant with extreme carbohydrate val ues,

theuse of GOCARB resulted in significantly better performances
(P=.00).

Table2. Performance of participantsin carbohydrate estimation with and without GOCARB after excluding one participant with extreme errors (n=18).
Excluding extremely bad estimator

Absoluteerror (grams), mean (SD)  Absolute percentage error (%), mean Absolute errors <20 grams, n

(SD) (%)
Without GoCARB 17.81(14.94) 34.3(24.3) 67/108 (62.0)
With GoCARB 12.75 (9.84) 26.9(18.9) 86/108 (79.6)
Figure5. Distribution of the absolute errorsin carbohydrate estimation with and without GoCARB.
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Figure 6. Distribution of the mean absolute error per participant with and without GOCARB. The vertical lines represent the target range of errors.
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Influence of Meal Size on Accuracy

For each meal, three different meal sizes were presented to the
user. With larger medls, individual’s counting errors also
increased: mean 18.47 (SD 28.86) grams of carbohydrate for
small meals, mean 26.39 (SD 38.20) grams of carbohydrate for
medium meals, and mean 38.82 (SD 47.03) grams of
carbohydrate for large meals. When the participants used the
GoCARB system to estimate the carbohydrate content of the
med s, the error exhibited less variation acrossthe different meal
sizes; mean 10.34 (SD 6.16) grams of carbohydrate for small,
mean 10.12 (SD 8.02) grams of carbohydrate for medium, and
mean 16.38 (SD 12.30) grams of carbohydrate for large-sized
meals.

Usage of I nteractive Features

In the GOCARB prototype, the user is able to interact with the
system when she/he is not satisfied with the fully automatic
segmentation and/or recognition results. Thus, the system can
be corrected, whilethe volume estimation is completed. During
the study, the automatic segmentation was successful in 75.4%
(86/114) of the cases. For recognition, the system achieved
correct recognition of all three distinct food items on adish in
59.6% (68/114) of cases. For these cases, manual correction
was not needed. In 36.0% (41/114) of cases, the system was
able to recognize two of three food items correctly, whereas
only one food item was recognized in 4.4% (5/114) of cases.
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For these cases, the user had to manually correct the system. In
all cases, GOCARB recognized correctly at least one of the food
items. Out of a total of 342 food items in 114 meals, 85.1%
(291/342) were correctly automatically recognized.

User Experience

To evaluate the user perception and usability aspects of
GoCARB, a questionnaire was given to participants. The
majority (90%, 17/19) agreed or agreed completely that
GoCARB waseasy to use (Figure 7). Furthermore, 90% (17/19)
of participants would have liked to use GoCARB on aregular
basis and 68% (13/19) thought GoOCARB was useful for all
individuals with type 1 diabetes. The processing speed of the
GoCARB system was considered too slow by 47% (9/19). It is
noteworthy that the client-server architecture of the system made
its speed highly dependent on 3/4G or Wi-Fi signal strength.
The GoCARB workflow was mostly rated favorable, with
moderate to high approval of automated and interactive steps.
The feedback from the open questions was similar. The
participants were asked to list negative and positive aspects of
the app and possibly to provide suggestions for improving the
system. Most of the negative feedback was rel ated to processing
delays and the dependence on the Internet connection. As for
positive aspects, the participants indicated the ease of use and
the usefulness of such an app. Many participants proposed that
the system should be extended to other food types, such as
desserts.
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Figure 7. Graphical representation of the participants answers to the questionnaire.
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Discussion

Principal Findings

The results of the study indicate that GOCARB is, on average,
more accurate at estimating carbohydrate content than the
individuals with type 1 diabetes who participated. If al
participants are included, the mean absolute estimation error
while using GoCARB (12.28 grams of carbohydrate) was
reduced by more than 50% than without using GoOCARB (27.89
gramsof carbohydrate). If it isconsidered that an absol ute error
of 20 grams or more givesasignificant increasein risk of hyper-
or hypoglycemia, GoOCARB fulfilled this prerequisite for 80.7%
(92/114) of the cases. Moreover, the relatively low standard
deviation (SD 9.56 grams) of GOCARB'’s errors, along with
their symmetric distribution around zero, demonstrates the
relative stability and consistency of the system. In 75.4%
(86/114) of the meals, GOCARB'’s automatic segmentation was
successful and 85.1% (291/342) of individual food items were
successfully recognized. With regard to user satisfaction, the
majority of participants found the system easy to use and
expressed strong interest in using it on a daily basis. Among
these individuals with type 1 diabetes, there was a strong
consensusthat an app such as GoCARB could benefit everybody
with diabetes. The only concern of the participants was related
to the speed of the app (approximately 1 min including user
interactions with the system), which was mainly due to delays
in the transmission of data over an unstable wireless network.

The errors in carbohydrate estimation by the participants
exhibited awide spread, but only one participant was responsible
for all the estimates beyond the 95th percentile. Despite different
approaches to outlier exclusion, the overall difference between
individuals with type 1 diabetes with and without GoCARB
remainssignificant. Whether it isreasonableto include outliers
in our statistical analysis greatly depends on the point of view.
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Although statistical analysis permits outlier exclusion, clinical
reasoning and experience supports their inclusion, especially
because everyday clinical life showsthat extremes are possible
and might even be the accidental starting point of glycemic
decompensation, in extremisleading to hospitalization or death.
Undoubtedly, these diabetics with weak estimation skillswould
benefit the most. Nevertheless, even after excluding this
participant, the differencein accuracy between the conventional
methods and GoCARB remains statistically significant ( P=.01).

Comparison With Previous Wor k

There have been several systems proposed using single/multiple
food images or videosto recognize food items and calcul ate the
corresponding volumes [14-21]. However, to the best of our
knowledge, there has been no comparable study evaluating an
automatic dietary assessment system together with end users.
From our experience with the GoCARB system, we believethat
athorough scientific evaluation and an appropriate framework
for mobile medical app development and evaluation are of the
utmost importance. Only afew commercially available medical
apps undergo in-depth scientific evaluation and thereisvirtually
no support provided to health care professionals or patients to
help them to select the most beneficial app. This concern is
increasingly being addressed and steps have been taken to
develop guidelines and standards [27,28].

Limitations

Thisisapreclinical study and the sample number was chosen
for reasons of convenience. Within the study sample, there was
a wide spread of estimation error and estimation error was
significantly higher than that reported in the literature.
Nevertheless, we believe that this is concordant with many
patient groupsfoundinred life, but only studieswith increased
sample size may bring certainty. Moreover, we do not know if
or when participants last had a nutritionist-guided training
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session on carbohydrate counting. Because there is general
agreement that regular teaching and training significantly
improve estimation capability [29], such information is of
interest, especially to identify individuals with type 1 diabetes
who perform poorly despite adequate training.

Furthermore, purely automatic computer vision-based systems
have certain limitations. For complex meal types with multiple
ingredients mixed arbitrarily or meals covered by sauce,
additional information is needed by the user on the food type
(eg, lasagne). Therest of the modules are independent of food
type. Macronutrients, such as fat, are nearly impossible to
quantify by computer vision only, but can still affect aperson’s
postprandial glycemia. Moreover, thetype of carbohydrate also
affectsthe postprandial response, apart from itsamount. Intrinsic
variables that influence the effect of carbohydrate-containing
meals on blood glucose response include the specific type of
food ingested, type of starch (amylose vs amylopectin), style
of preparation (cooking method and time, amount of heat or
moisture used), ripeness, and degree of processing. To some
extent, thisis reflected in the glycemic index of foodsand isan
established method to compare the physiological postprandial
glucose responsesto different types of carbohydrate-containing
foods[30]. Essential components of asystem such as GoOCARB
are the multimedia and nutritional databases used for
recognizing the food and calculating its nutritional profile.
Generating and expanding a food image dataset to provide a
broad variety for automatic food recognition is a challenging
and often costly task. In addition, although technology has
improved the accessibility of nutritional databases, the
availability of up-to-date food composition datafor many food
itemsisstill limited. Although new products continually appear
in the food supply, gaps will always exist between what
databases contain and what individuals consume.

Future Research

We plan to optimize the existing prototype and expand its
functionalities. The code of the system will be optimized and
componentswill be moved from the server to the mobile phone
side to increase its speed and efficiency. The food types
considered will be expanded to cover a wider spectrum of
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cultures and eating habits. Integration of abarcode reader would
be easily feasible technically and would alow us to cover
packaged foods. Other input methods are promising; these might
include voice input or dropdown lists specifying details of a
meal that cannot be assessed by a picture (eg, fried vs boiled,
cooked vs uncooked, olive ail vs sunflower ail).

Although GoCARB aims to support individuals with type 1
diabetes, the system might be extended so that it not only
displays carbohydrates, but aso other micro- and
macronutrients. The system could then be used to facilitate diet
management. Such a system could be useful for a large
heterogeneous group of medical conditionsrelated to food, food
intake, and digestion or weight management. It could also be
aimed toward a more general and healthy population in an
attempt to encourage people to make more deliberate food
choices leading to a healthier lifestyle. Such a tool would not
only be of interest to individuals, but also to the nutrition
research community because conventional methods of diet
assessment, such asthe 24-hour food recall method, food intake
guestionnaires, or a paperback food diary, are difficult to apply,
aretime consuming, and are known to be consistently inaccurate.

Conclusion

In this study, we have presented the eval uation of anovel mobile
phone-based system to estimate the carbohydrate content of a
meal on a plate using computer vision. The GoOCARB system
proves to be areliable support tool for carbohydrate estimation
of meals on a plate and provides more accurate carbohydrate
estimates than those of our cohort of participants with type 1
diabetes using conventional methods. Among the participants,
there was a strong consensus that an app such as the GoCARB
system could benefit everybody with diabetes. We believe that
computer vision has the potential to facilitate and ameliorate
the cumbersome and error-prone task of carbohydrate
estimation. The output of GoOCARB could be used as input to
a bolus calculator that will aso consider the personal
characteristics of the user (eg, insulin-to-carbohydrate ratio)
and suggest an insulin dose. After further development,
GoCARB could ultimately make a distinct contribution to a
fully automated artificial pancreas.
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Abstract

Background: Long-term conditions and their concomitant management place considerable pressure on patients, communities,
and health care systems worldwide. Internationa clinical guidelines on the majority of long-term conditions recommend the
inclusion of self-management programsin routine management. Self-management programs have been associated with improved
health outcomes; however, the successful and sustainabl e transfer of research programsinto clinical practice has been inconsistent.
Recent developments in mobile technology, such as mobile phone and tablet computer apps, could help in developing aplatform
for the delivery of self-management interventions that are adaptable, of low cost, and easily accessible.

Objective: We conducted a systematic review to assess the effectiveness of maobile phone and tablet apps in self-management
of key symptoms of long-term conditions.

Methods: We searched PubMed, Embase, EBSCO databases, the Cochrane Library, and The Joanna Briggs Institute Library
for randomized controlled trials that assessed the effectiveness of mobile phone and tablet apps in self-management of diabetes
mellitus, cardiovascular disease, and chronic lung diseases from 2005-2016. We searched registers of current and ongoing trials,
aswell asthegray literature. We then checked the reference lists of al primary studies and review papersfor additional references.
The last search was run in February 2016.

Results: Of the 9 papers we reviewed, 6 of the interventions demonstrated a statistically significant improvement in the primary
measure of clinical outcome. Where the intervention comprised an app only, 3 studies demonstrated a statistically significant
improvement. Interventions to address diabetes mellitus (5/9) were the most common, followed by chronic lung disease (3/9)
and cardiovascular disease (1/9). A total of 3 studiesincluded multiple intervention groups using permutations of an intervention
involving an app. The duration of the intervention ranged from 6 weeksto 1 year, and final follow-up data ranged from 3 months
to 1 year. Sample size ranged from 48 to 288 participants.

Conclusions: The evidence indicates the potential of apps in improving symptom management through self-management
interventions. The use of appsin mHealth has the potential to improve health outcomes among those living with chronic diseases
through enhanced symptom control. Further innovation, optimization, and rigorous research around the potential of apps in
mHealth technology will move the field toward the reality of improved health care delivery and outcomes.

(J Med Internet Res 2016;18(5):€97) doi:10.2196/jmir.4883
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mobile phone; apps; telemedicine; mHealth; self-management; chronic disease; diabetes mellitus; cardiovascular diseases; lung
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Introduction

The number of people living with 1 or more chronic disease
continues to increase worldwide [1]. Improvement in living
conditions and treatment has increased the life expectancy of
people with chronic conditions;, however, without effective
management, quality of life may be poor. Empowering and
engaging people with chronic diseases to manage their own
healthisvital. Several barriers have been identified in the ability
of theindividual and health care providers to work together to
promote self-management [2]. Having access to timely
information, assessment, and trestment are all vital in the
management of long-term conditions[3]. mHealth interventions
offer the potential to overcome many of the traditional barriers
by offering convenience and care in a natural environment and
minimizing the barriers of distance, time, and cost. For the
clinician, mHealth interventions offer the ability to evaluate a
prescribed course of action, monitor adverse events, and identify
areas for improvement [4,5].

For the past decade, mHealth has been constantly expanding as
a subdivision of eHealth. Mobile apps for health have the
potential to target heterogeneous popul ations, but with the ability
to al so address specific needs and complement highly developed
health care technologies. The market is evolving rapidly,
generating myriad opportunities for the development of new
mobile technologies [6].

Mobile phones (ie, mobile phones with advanced computing
and Internet access) and tablet computers (ie, general purpose
computers contained in a single panel and usually operated
through a touch screen) have become the most popular and
widespread types of mobile device[7]. Closeto 55% of British
adults claim to own amobile phone [8] and over athird own a
tablet [9]. In the United States, a report by the Pew Research
Center found that 64% of all adults now own a mobile phone
[10] and 34% of American adults own atablet computer [11].
Worldwide, just under 17% of the 6 billion mobile subscriptions
are mobile phone subscriptions [12]. As retail prices decline,
ownership of these devicesis likely to continue to increase [8]
in high-income and low- and middle-income countries.

Mobile apps are increasingly used in managing various tasks
indaily life. More than 900,000 apps are availablein the Apple
App Store (iOS operating system; Apple Inc) and more than
700,000 apps in the Google Play Store (Android operating
system; Google). Over 100,000 of these are health-rel ated apps.

Sophisticated computing features mean that both mobile phones
and tablet computers can support self-management functions

http://www.jmir.org/2016/5/€97/
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and deliver them at a population level. Self-management
interventions could be offered within software extensions that
usersadd to their devices, popularized under theterm apps[13].

Methods

Overview

We undertook a systematic review of apps used to facilitate
self-management of long-term conditionswith an outcome focus
on the key disease markers and symptoms. The long-term
conditions were diabetes mellitus, cardiovascular diseases, and
chronic lung diseases. Cardiovascular diseases include
hypertension, coronary artery disease, and congestive heart
failure. Chronic lung diseases include asthma and chronic
obstructive pulmonary disease. We chose these conditions on
account of their high global burden [14].

Our definition of self-management apps was software programs
designed for mobile phones and tablets that aim to promote or
support self-management skills to manage the key disease
markersand symptoms. Apps are optional add-onsto the device
that interact with users through a set of interfaces (eg, a visua
user interface). Health apps can be characterized as a medium
with broad capabilities to communicate information, provide
interactive experiences, and collect information from patients.
They provide a platform for the delivery of self- management
interventionsthat are highly adaptable, of low cost to the health
system, and easily accessible.

Using Boolean phrases, we searched PubMed, Embase and
EBSCO databases for studies that assessed the effectiveness of
apps in the management of diabetes, cardiovascular diseases,
and chronic lung diseases. We searched PubMed using Medical
Subject Headings and advanced search builder features. Emtree
terms using the explosion function to extend the search were
used to build a multiterm query along with advanced searches
in Embase. We included CINAHL, PsycINFO, and
PsycARTICLES in the EBSCO database search. We
handsearched the IMIR journal s and Tel emedicine Journal and
e-Health as the key publications for this area of research. We
examined thereferencelists of all papersincludedinthereview
and removed duplicates. The databases were searched between
2005 and 2016, since technologies prior to 2005 are unlikely
to be representative of contemporary technologies that support
hedlth apps[15-17]. In addition, the concept of self-management
was not widely adopted prior to 2005. We completed the final
search in February 2016 (Textbox 1). The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement guided the reporting of the review [18].
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Textbox 1. PubMed search strategy (terms).
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Inclusion and Exclusion Criteria

We included original research published in peer reviewed
journals that evaluated self-management apps for their effect
on disease-specific clinica outcomes. The focus on
disease-specific clinical measures such asglycated hemoglobin
(HbA ) or blood pressure was chosen becauseimproved clinical
outcomes arethe ultimate goa (intermsof quality-adjusted life
years, disease burden, and headlth care costs) of self-management
programs. Included studies were randomized controlled trials
(RCTs) of self-management interventions for patients with a
clinician-diagnosed long-term condition delivered via mobile
phone apps compared with either salf-management interventions
delivered via traditional methods (eg, paper-based diaries) or
usual care.

We excluded papersif (1) they reported on primary prevention
among healthy or at-risk groups, (2) thefocuslay outside of the
self-management  domain  (see  Textbox 2  for

http://www.jmir.org/2016/5/€97/

self-management-related activities [3,19]), (3) the sample did
not include peopleliving with diabetes, cardiovascul ar diseases,
or chronic lung diseases or where the results from the subsample
of the populations of interest were not distinctly reported, or
(4) the intervention targeted health care professionals; required
modification of hardware; relied solely on messaging (short
message service or multimedia message service); did not offer
a mode of interaction (this could be automated and based on
logarithms), acting only asatransmitter of data (eg, from patient
to clinician), because this would be more reflective of
telemonitoring; or used devices that did not offer portability
comparable with mobile phones and tablets (eg, desktops,
laptops, notebooks, and netbooks)—although these are portabl e,
they are not accessible at all times regardless of location. In
addition, we excluded review papers, editorials, commentaries,
dissertations, poster presentations, abstracts only, proposalsfor
future studies, study protocols, and descriptive papers describing
apps but not testing them in a sample population. Publication
language was restricted to English only.
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Textbox 2. Patients’ self-management characteristics (adapted from Lahdensuo [ 19] and Battersby et al [ 3]).

«  Have knowledge about the disease and its treatment
« Actively participate in the control and management of the disease

« ldentify factors that make the condition worse

« Recognize the signs and symptoms of deterioration in health
«  Follow aprescribed, written treastment plan

«  Usecorrect technique for taking drugs

« Usemedical resources appropriately for routine and acute care
e Monitor symptoms and objective measures of disease control

« ldentify barriers to adherence to the treatment plan

«  Accept the condition as along-term disease amenable to intervention

« Beableto describe strategies for avoidance or reduction of exacerbating factors

«  Take appropriate action to prevent and treat symptoms in different situations

« Address specific problems that have an impact on the individual’s condition

Data Extraction and Analysis

Weinitially screened publicationsfor potential inclusion based
on simultaneous review of title and abstract by 2 reviewers.
Any discrepancies were resolved by consensus between the
reviewerswith reference to the full paper. Information extracted
from each paper using a structured form included objectives,
types of intervention, setting, sample characteristics, outcomes
measured, and results reported. We assessed risk of biasfor all
included studies using the Cochrane Collaboration’s tool for
assessing therisk of biasin RCTs[20]. The 2 reviewer authors
independently assigned each domain of the Cochrane
Collaboration’stool of each individua study to 1 of 3 categories:
low, high, or unclear risk of bias. For each study, we created a
risk-of-bias table.

We performed descriptive analyses of the dataand summarized
the findings from these studies, with emphasis on statistical
results reported in RCTs. Differences between groups were
highlighted when these results were available. Outcomes were

http://www.jmir.org/2016/5/€97/

organized into disease-specific clinical outcomes of the
intervention. Where available, the usability, feasibility, and
acceptability of the intervention were described.

Results

Summary

In all, we reviewed the title or abstract, or both, of 893 papers
as retrieved by the database searches. We retrieved 14 papers
in full text and assessed them for eligibility. We excluded 5
papers because they did not meet the study design criteria. A
total of 9 papers met all inclusion criteria. Figure 1 illustrates
the selection process. Multimedia Appendix 1 sets out the
quality of the included studies, based on the risk-of-bias
assessment. The areain which all studieswere assigned arating
of high risk was “blinding of participants and personnel
(performance bias).” Due to the nature of the intervention,
participants could not be blinded in any of the studies. In some
of the studies the personnel involved were also aware of to
which group participants were assigned.
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Figure 1. Selection process.
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review

Study Char acteristics

Publication years ranged from 2008 to 2014 (Multimedia
Appendix 2). Studies were included from 4 geographic regions
(Europe, n=3; Oceania, n=2; Asia, n=3; United States, n=1).
All included studies were RCTs that assessed the effectiveness
of interventions that involved mobile phone- or tablet-assisted
self-management programs and either standard care (n=8) or
offline self-management programs (n=1) [21]. Of the
self-management group, 3included multipleintervention groups
using permutations of an intervention involving an app.
Charpentier et a [22] ran 2 intervention groups: 1 group used
an app plus quarterly clinical visits, and the second used an app
plus visits every 2 weeks. Quinn et a [23] ran 3 intervention
groups, al involving the patient using an app but with varying
degrees of information generated by the app sent to clinicians.
Holmen et a [24] ran 2 interventions, 1 using the app alone
plus usual care, and 1 using the app and monthly telephone
counselling. All 3 involved the use of an app and a Web portal
with differing levels of clinician support.

Interventions to address diabetes mellitus (5/9) were the most
common, followed by chronic lung disease (3/9) and
cardiovascular disease (1/9) interventions. The duration of the
intervention ranged from 6 weeksto 1 year, and final follow-up

http://www.jmir.org/2016/5/€97/

XSL-FO

RenderX

dataranged from 3 monthsto 1 year. Sample size ranged from
48 to 288 participants.

Impact on Clinical Outcomes

All 9 studies reported the effect of the intervention apps on
disease-specific clinical outcomes (Table 1). Significant
differences between groups on the primary outcomes were
reported in 6 studies [21-23,25-27]. No significant differences
on the primary outcomes were found in 2 studies [24,28,29].
Of the 5 interventionsrelated to improving diabetes management
[22-25,27], 2 related to type 1 diabetes [22,25] and 3 related to
type 2 diabetes [23,24,27]. Significant improvements in
diabetes-specific clinical outcomes (HbA,.) werereportedin 4
studies [22,23,25,27], 2 relating to type 1 diabetes [22,25] and
2 relating to type 2 diabetes [23,27]. Only 1 study evaluated
appsfor cardiovascular diseases[29]. Significant improvement
in the key clinical outcome, the 6-minute walking test, was
observed within the intervention group, indicating overall
improved physical functioning, but not between the 2
intervention groups. Mixed results were observed in chronic
lung disease clinical outcomes. Lung function parameterswere
the primary outcomes of interest. Significant improvements
were reported in a study on asthma[26] and a study on chronic
obstructive pulmonary disease[21], but 1 study, on asthma[28],
did not report a significant change.
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Table 1. Effectiveness of interventions using mobile phone and tablet apps on primary clinical outcomes (n=9).

Long-term condition addressed Significant effect, n No significant effect, n Tota n
Diabetes mellitus type 1 2 0 2
Diabetes mellitus type 2 2 1 3
Cardiovascular disease 0 1 1
Chronic lung diseases 2 1 3
Total clinical outcome studies 6 3 9

Participants

The average age of participantsin the studiesranged from 33.8
years [22] to 72.1 years [21]. The age of the participants in
relation to ability to use the technology and engagement was
not afocusin any study, and none of the studies excluded ol der
people specifically. Holmen et a [24] reported that users >63
years were significantly more likely than younger patients to
be substantial users of the app (P=.045).

The majority of studies focused on those with more severe
symptoms and clinical indicators outside of the normal range.
Of the studies on diabetes, 4 focused on those with HbA ; |evels
above the optimal range [22-25], and 2 studies[21,26] focused
on people with moderate to severe chronic obstructive
pulmonary disease and asthma. The characteristics of thetarget
user group was often the impetus for the development of the
app tool or mHealth approach, citing the potential for reduced
travel to amedical center and ease of engagement as incentives
for self-management for these groups with greater symptom
burden or higher risk of burden in the future.

In 1 of the studies [25], participants had to provide the phone
(and presumably also the network connection) and in 1 study
[28], the participants were required to have a contract with a
compatible network at their own cost, though a phone could be
provided. Neither study noted any significant barriers in
recruitment as a result of this inclusion criterion. In all other
studies the equipment and the network setup and costs were
covered by the research study.

Interventions

The interventions differed in two main ways: the combination
of toolsused in the intervention and the level of clinician input
(Multimedia Appendix 1). Thus, 2 studies [26,28] used an app
only and 3 studies ran 2 or 3 intervention groups, 1 of which
involved the use of an app only [22-24]. A total of 3 studies
[22,23,26] demonstrated a significant change in symptom
management and 2 [24,28] did not. An app plus feedback or
contact with participants, either by text (4 studies) or phone
conversation (3 studies), was used in 7 interventions. A total of
7 studies also used automatic text messages generated by the
app data, but only 2 studies[26,28] used this form of feedback
alone. In interventions that involved additional clinician input,
only 1 study standardized the enhanced clinical input acrossthe
control group and intervention [26]. In 6 studies the level of
clinician input and support for the intervention group was
enhanced. In these studies, the effect of using an app cannot be
isolated, and the results cannot be interpreted in relation to
increased clinician input or support and the use of an app.

http://www.jmir.org/2016/5/€97/

Of the 5 studies that explored the impact of using an app only
as the intervention tool on clinical outcomes [22-24,26,28], 3
studies[22,23,26] demonstrated asignificant changein symptom
management and 2 [24,28] did not. Only 1 study isolated the
contribution of the app intervention where clinical care was
standardized for the intervention and control group [28]. The
study did not report a significant change in asthma symptom
control, with symptom control improving marginally in both
groups. Similar to thelatter study, 4 studies standardized clinical
care, with both the control and intervention groups invited to
attend one outpatient appointment every 3 months [22-24,26],
as per best practice. However, a difference between these 4
studies and the study by Ryan et al [28] was the sharing of app
data ahead of the clinic visit [23,26] or the option of sharing
the app data during the scheduled clinic visits, in anticipation
that the data collected over time would inform the consultation
and medical management [22,24]. Theimpact of thisisdifficult
to quantify. In 2 studies [22,24], sharing data was by the
patient’s choice, and the number of patients who chose to do
S0 was not reported. In astudy involving 2 intervention groups,
the effectiveness of the app-only intervention was significant,
although the effect sizefor the app-only intervention group was
not ashig asthat of theintervention group involving an app and
teleconsultations [22].

Another study [24] demonstrated an improvement in HbA .in
all 3 groups (acontrol and 2 intervention groups), athough the
improvement was not significant for any group. Interestingly,
HbA ; decreased more in the app-only group (0.31) than in the
control group (0.16) and in the intervention group (0.15) that
also involved counselling. In a study on asthma [26], the data
were sent to the clinician ahead of the patient consultation, but
no data were reported on whether the clinician used this. Only
1 study [23] specifically sought to explore whether sending
clinicians data improved clinical outcomes. All 4 groups
continued with usual care (a review with their primary health
care provider every 3 months); however, intervention group 1
participants could choose to share their app-generated datawith
their provider. For intervention group 2 participants, the clinician
was sent unanalyzed app-generated data before the scheduled
appointment. For intervention group 3 participants, the clinicians
were sent analyzed app-generated data ahead of the scheduled
appointment. What is not known is how many patients in
intervention group 1 shared their data with their clinicians, nor
how many clinicians viewed and used the data for participants
in groups 2 and 3 in their consultations. The outcome data are
mixed, with a decrease in HbA . noted for al 4 groups, and
significant differences noted between the control group and
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intervention groups 1 (P=.027) and 3 (P=.001), but not for
intervention group 2 (P=.40).

Safety M echanisms

Only 3 studies[22,27,28] reported an inbuilt safety mechanism
for the app intervention, whereby areading outside of thenormal
range and considered aberrant enough according to the inbuilt
logarithm would trigger an dert. In 1 study [28], the a ert would
be followed up by the asthma nurse linked with the study. In
another [27], an email was generated and sent to the principal
investigator and the research nurse. A further study noted the
parameters that would be considered abnormal but did not state
when or how readings outside of the normal range would be
followed up or to whom they would be sent [22]. No study
described whether cover included an out-of-hours service; 1
study reported that the data did not trigger any aerts[27]; and
the other 2 did not comment on the need for follow-up due to
abnormal readings [22,28].

Importantly, no study reported an increase in the number of
adverse events or need for additional hospital visits or medical
care as aresult of participating in the interventions.

Training in the Use of Technology

A total of 5 studies [24,26-29] described training participants
in the use of the equipment and input of data. Thisranged from
distance support [28] with a follow-up 1 week later, to
face-to-face support [24,29], and face-to-face support and a
2-week trial as to whether potential participants could use the
technol ogy before they wereincluded in the study [27]. Training
was mentioned by another study [26] but the nature of thiswas
unclear. In 4 studies participants were offered ongoing
technological support, if required, by telephone [24,27-29].

Technological |ssues

Few technological issues were reported. Of the studies, 7
required participants to enter the data generated by the study
equipment into the app (or viathe website) and 2 used awirel ess
or Bluetooth-compatible device to transmit the data
automatically without requiring the participant to manually
submit the data [22,24]. No study reported on erroneous
imputations (by participants) and only 1 study [24] reported
errors in the transfer of data due to issues with the Bluetooth
pairing required for automatic transmission of data from the
glucometer to the app in the mobile phone.

No study reported on the number of calls participants or
clinicians made for technological support during the study.
However, 1 study did note that some participants who travelled
overseasincurred high mobile coststhat weren't covered by the
research study. The authors noted that this was anticipated, and
participants were informed about the different network rates if
travelling.

Usability, Feasibility, and Acceptability

Only 1 study sought to explore the usability and feasibility of
the app from the participants perspective [27], and 1 study
explored acceptability of the app from the health care provider’'s
perspective [22]. All studies reported on attrition, which

provides some indication of the usability, feasibility, and
acceptability of theintervention. The attrition rates ranged from
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8.75% [22] to 26% [25]. Most studiesreported the attrition rate
for the control and intervention groups combined. Where the
attrition rates were reported for the control and intervention
groups separately, of note, in 1 study, the attrition for the
intervention group was higher, with the study average at 25.83%,
but theintervention group alone was at 28.33% [26]. In another
study, the dropout rate in the usual-care group was considerably
higher (36.49% vs 13.21%) [29]. The usual-care group were
enrolled in a cardiac rehabilitation program. In a third study
[23] the attrition rate was as high as 31.82% in 1 of the
intervention groups (control group, 21.45%). The average
attrition rate across all 4 groupswas 25.6%. No study noted any
differences by demographics or clinical parameters between
those who dropped out and completers.

A total of 3 studies reported on the number of participants who
dropped out specifically because of the technology or because
thefrequency of input wastoo burdensome (6/17 [26], 3/7[29],
and 2/3 people [27]).

Only 1 study reported that potential participants were excluded
because they could not use the technology [27]. In this study,
12 people were specially excluded before random allocation
because they were experiencing difficulties using the devices
and sending data. This equated to 18% of the group initialy
recruited into the trial.

A total of 5 studies explored engagement with the intervention
over time and described these findings as a proxy for the
usability, feasibility, and acceptability of the intervention
[22,24-26,29]. In general, the studies found that the app or
intervention was usable, feasible, and acceptable to users. The
frequency of data entry was noted to decrease over time in 2
studies [24,25], and there was no significant relationship
between level of engagement and change in HbA ;.. Another 2
studies reported adherence at the end point of the study as
evidence of acceptability (76.7% of the control group and 71.7%
of theintervention group [26]; 46.67% of the control group and
80% of the intervention group [29]). A further study asked
participants whether they wanted to continue with the
intervention if this were possible at the end of the study,
reporting that 67% of participantsin the app-only intervention
and 75% in the app and teleconsultation intervention confirmed
that they would [22]. This study was the only one to report on
the health care provider’s perspective, reporting that 77% of
health care providers were satisfied or very satisfied (total
number of health care providers unknown). This study found
that the time spent by clinicians engaging with participants
across the groups was the same (average 71 minutes) but the
time saved by theintervention group that did not include hospital
clinic visits was 281 minutes (average travel time to attend 2
clinic visits). The time taken to upload data (wirelessly) was
estimated to be 10 seconds per day.

How participants felt about the time the intervention took and
how easily they had incorporated data entry into their daily life
was explored in 1 study [27]. Of 24 participants in the
intervention group, 14 felt that the daily data entry was easily
incorporated and 10 did not. The average time spent entering
data was 22.5 minutes per day. Compliance rates over time
(from baseline to the last 2 weeks of the study) for the
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components of theintervention differed, with a 70% compliance
rate (daily entry) for morning measurements, 50% compliance
for bedtime measurements, and 51.2% compliance related to
uploading a photo of ameal.

No study reported on the features of the app that patients or
health care providers found useful (eg, automated reminders,
text messages with educational and motivational content,
increased awareness), but 1 study did report that patients
expressed feeling reassured, knowing that their health symptoms
were regularly monitored [27]. Although the patients
perspective wasn't reported, 2 studies did find that the time
saved by not having to visit the hospital for follow-up as per
usua care was considerable [22,29].

Costs

The cost implications of using technology were considered in
2 studies. In 1 study where the participant provided the phone
and the network connection and a free app was used [25], the
cost to the study of messaging participants was calculated at
A$290.93, which equated to A $8.08 per participant (n=36).
The intervention also included input from a diabetes educator.
The diabetes educator spent on average 3 hours per week
reviewing participants’ logs and text messaging participants,
equating to 5 minutes per participant, per week (72 hours in
total over the 6-month period). With the hourly rate of A$28.85,
the cost to the study was A$2077.20.

The second study required the participant to provide the phone
and cover network costs. The technological support service for
participants and nursing cover (the safety mechanism for
abnormal readings) were contracted out to the company that
developed the software, and thiswasthe only cost incurred (not
disclosed).

Discussion

Principal Findings

The evidence presented indicates the potential of apps in
improving symptom management through self-management
interventions. Of the 9 studies, 6 reported a statistically
significant differencein the primary clinical outcome of interest.
Where the intervention comprised an app only, 3 studies
demonstrated a statistically significant improvement. The
interventions differed in two main ways: the combination of
tools used in the intervention and the level of clinician input
(Multimedia Appendix 1). A total of 2 studies [26,28] used an
app only and 3 studiesran 2 or 3 intervention groups, 1 of which
involved the use of an app only [22-24]. Symptom management
changed significantly in 3 studies[22,23,26] but not in 2[24,28].
An app plusfeedback or contact with participants, either by text
(4 studies) or phone conversation (3 studies), was used in 7
studies; 7 studies also used automatic text messages generated
by the app data, but only 2 studies [26,28] used this form of
feedback aone. In interventions that involved additional
clinician input, only 1 study standardized the enhanced clinical
input acrossthe control group and intervention [26]. In 6 studies
thelevel of clinician input and support for theintervention group
was enhanced. In these studies, the effect of using an app cannot
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be isolated, and the results cannot be interpreted in relation to
increased input or support and the use of an app.

Given the evidence that monitoring alone improves symptom
control [30], in our review we sought to understand the
contribution an intervention involving an app can make.
Separating the effect of monitoring alone was not possible in
this review. None of the interventions included a study group
that involved telemonitoring only. All of the interventions
involved either real-time automated feedback or
clinician-initiated feedback based on the data entered. The
second issue confounding the findings regarding the contribution
of the app to symptom management was the use of additional
interventions, in combination with the app, to support symptom
management.

A further note of caution relates to the ability to generalize the
findings to the clinical setting. All of the studies referred to
clinical care during the study period as relating to best practice
and may indicate an improvement in the actual usual care
received. Aside from 1 study [28] where a nurse was employed
to ensure follow-up appointments every 3 months, the clinical
follow-up appears to have been undertaken in real-life,
usua-care clinical settings, athough the prompt for data
collection at the 3-month time points may have increased the
likelihood of these appointments being scheduled and kept. In
1 study [28] the authors specifically noted that, although the
clinical care provided during the study period was set up to be
inlinewith best practice with 3-month follow-up appointments,
thiswaslikely animprovement in clinical support for the study
participants and that it remains unknown whether the addition
of the app could improve clinical outcomes when clinical care
isless than optimal.

A total of 7 interventions involved the use of the app and a
degree of clinical input or support. It does not appear that the
intensity of support necessarily affected the outcome, nor the
mode of support (eg, electronic, verbal, or face to face). All of
the interventions that involved weekly support did note a
significant improvement in symptom control, and interventions
with agreater gap in time between contact noted mixed results.
However, interventionswithout additional clinical input between
usua clinical visits also showed a significant improvement.
More frequent clinical input or engagement does not appear to
be vital in effecting change in symptom management.

All studies reported minimal issues related to usability. It
appears that apps can be used by those with little technology
experience or familiarity. The apps do, however, rely on the
active engagement of the user. In this review, we could not
discern how frequent the level of engagement between user and
app needs to be and for how long in order to effect long-term
change in symptom management. The engagement of health
care providers in monitoring symptoms and exchanging
information with userswould be desirablein terms of promoting
partnership in care, athough, again, how important thisisin
effecting improvements in symptom management is not clear
from the review. The freedom and portability of mobile devices,
combined with the advanced capacity to facilitate 2-way
communication and collect and analyze data for a real-time
response, offer enormous potential to patients and health care
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providers. The potential complexity of today’s mHealth tools
and the mixed evidence on the features that are important and
make a difference in their effectiveness indicate a need for a
focus on understanding the connection between patient
experience, adherence, and health outcomes.

The involvement of end users in the development of apps and
also specific groups, such as older people and those from
different cultures, was not a strong feature in the interventions
reviewed. An iterative design process involving systems and
content development and multiple stages of user experience
testing is recommended for future apps aimed at similar patient
populations [31]. The wider evidence suggests that diverse
groups can use apps with sufficient training and provision of
support [4,32,33], although the level of support over time in
both areas remains relatively unexplored.

Technical problems did not feature highly in the review. The
issue of erroneous imputations was not mentioned, and errors
in transfer of data was noted in only 1 study. However, these
areas have been raised in other studies as requiring regular
monitoring and attention [34,35].

Given the multitude of apps available, advice on how to develop
a“good” app or assess the “quality” of an app when reviewing
the existing apps avail able hasimportant ethical and legal issues
for both research and clinical practice. The market haslow entry
barriers, and ease of accessibility for users through mobile
phones and tablets makes this an attractive areafor both private
and professiona areas of application. In health care, when
mobile smart devices are used in combination with add-onsthat
are connected either directly or via wireless technology—for
example, blood glucose monitors—manufacturers are required
to conform to the laws and regulations that are in place for
medical devices, although, depending on the jurisdiction, apps
may or may not be well adapted to the specifics of mobile
devices. Regulation usually encompasses an app running on a
smart device and, for the health professional and patient, some
reassurance asto thelevel of trustworthiness. Stand-alone smart
devices and the apps running on them may pose a significant
threat to a patient’s safety and privacy if the necessary safety
measures are not observed. Before recommending or developing
an app, itisvital that thefunctionality be thoroughly tested with
respect to the potential for miscalculations, erroneous or
incomplete content, technical deficiencies, and other usage
restrictions. In addition, ng thevalidity of theinformation
and advice regarding symptom management is vital, aswell as
safety mechanisms relating to when to seek urgent medical
advice and support.

Theissue of adherence over time was reported by some studies
inthereview and wasfound to be unrelated to clinical outcome,
that is, those who continued to input data and those who were
classified as substantial users did not differ from those whose
input declined over time. However, the issue of maintaining
engagement over the course of astudy and beyond into everyday
lifeisamajor consideration and highly likely to affect long-term
symptom control. Thereis agrowing understanding of barriers
to adherence and ways to overcome them. The development of
mAdherencetoolsto explore barriersto maintaining engagement
isgrowing and will beimportant in the development of mHealth
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interventions. In this review we noted differences in
patient-provider communication and in the use of targeted
motivational messages, but we were not able to qualify their
impact.

The issue of enhancing adherence goes beyond maintaining
engagement of patients using apps. The devel opment of mHealth
tools for chronic disease management could unintentionally
increase health disparities in access to technology. Vulnerable,
hard-to-reach, or otherwise high-risk patient populations run
the risk of exclusion. Where mHealth tools have the potential
to engage patientswho arelessinclined to use traditional health
services, mHealth tools offers away to address barriersto care
and reduce health disparities. It isimportant that future studies
specifically build on these areas and reduce the risk of
generating arange of interventionslargely unused by those who
could benefit the most.

Few of the studieswe reviewed discussed theissue of cost. The
majority of the studies provided the devicesto study participants.
When implemented at scale, interventions that use patients
existing mobile devices rather than relying on gifted devices
will go further toward explaining feasibility and improving
clinical outcomes. Rigorous cost-effectiveness analyseswill be
necessary to demonstrate not only the health impact, but also
the value of investing in these innovations.

In addition to cost barriers, other potentia barriers for
consideration are language and literacy barriers, as well as
availability and connectivity issues. Perhaps most critically, if
adherence to chronic disease management is not encouraged
and actively practiced, it is unlikely that mHealth tools, which
are communication platforms and delivery mechanisms, not
solutions in and of themselves, will be effective. Conditions
such as capability, opportunity, and motivation are essential to
behavior change [36]. For example, in diabetes, to improve
HDbA ., management of healthy eating, physical activity, and
adherence to medication are al important, yet we know little
about how we can support and effectively motivate aperson in
all 3 areasthrough an app. Thisagain pointsto the need in future
research for the involvement of users as part of the team when
developing interventions.

Limitations

Therearelimitationsto this systematic review. A meta-analysis
was not possible due to the heterogeneity of the study designs.
Wedid not include non-English literature. The diversity of study
objectives, designs, and outcomes made clear comparisons
difficult, and the quality of evidence was variable.

Our review expands the evidence base by extending the
definition of app interventions to include interventions
integrating apps, by ng both clinical and self-management
outcomes, and by contributing to the emerging literature
regarding mHesalth feasibility, usability, and acceptability.

Conclusion

The use of appsin mHealth hasthe potential to improve health
outcomes among those living with chronic diseases through
enhanced symptom control. Further evaluation of appsused in
mHealth, and morewidely in eHealth, will be valuable. Research
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that involves populationstraditionally marginalized and research  potential of apps in mHealth technology will move the field
into how these tools can help to overcome barriers to chronic  toward the reality of improved health care delivery and
disease management will be especially relevant. Further outcomes.

innovation, optimization, and rigorous research around the
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Abstract

Background: Public radio and television announcements have along tradition in public health education. With the global rise
of computer and mobile device ownership, short message service (SMS) and email-based health services (mHeal th) are promising
new tools for health promotion.

Objective: Our objectives wereto examine 1) self-reported exposure to programs related to noncommunicable diseases (NCDs)
on national public television and radio during the 12 months preceding the survey (2013-2014), 2) current ownership of amobile
phone, smartphone, computer, or tablet, and use of the Internet, and 3) willingness of individuals to receive SMS or emails with
information on health, with afocus on distribution of these variables across different demographic, socioeconomic status (SES),
and NCD risk groups.

Methods: We obtained data in a population survey of 1240 participants aged 25-64 years conducted in 2013-2014 in the
Seychelles, arapidly developing small island state in the African region. We administered a structured questionnaire and measured
NCD risk factors. Univariate and multivariate analyses explored the relationships between outcomes and sociodemographic
variables.

Results: Of 1240 participants, 1037 (83.62%) reported exposure to NCD-related programs on public television, while alower
proportion of 740 adults (59.67%), reported exposure via public radio (P <.001). Exposure to NCD-related programs on public
television was associated with older age (P <.001) and female sex (P <.001), but not with SES, while exposure to NCD-related
programs on public radio was associated with older age (P <.001) and lower SES (P <.001). A total of 1156 (93.22%) owned a
mobile phone and ownership was positively associated with female sex (P <.001), younger age (P <.001), and higher SES (P
<.001). Only 396 adults (31.93%) owned a smartphone and 244 adults (19.67%) used their smartphone to access the Internet. A
total of 1048 adults (84.51%) reported willingness to receive health-related SMS, which was positively associated with female
sex (P <.001), younger age (P <.001), and higher SES (P <.001). Controlling for SES, exposure to NCD-related programs on
public television or radio and willingness to receive health-related SM'S were not independently associated with a person’s NCD
risk.

Conclusions: Broadcasting health programs through traditional mass media (national public radio and television) reached the
majority of the population under study, including older adults and those in lower socioeconomic groups. With a high penetration
of mobile phones and willingnessto receive health-related SM S, mHeal th presents an opportunity for health programs, especially
when targeted SMS messages are intended for younger adults and those in higher socioeconomic groups. By contrast, due to
reduced I nternet access, email-based programs had amore limited reach for health promotion programs. These findings emphasize
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thedifferent reach of interventionsusing SM S or email versustraditional mass media, according to demographic and socioeconomic
categories, for health education programs in a developing country.

(J Med Internet Res 2016;18(5):€114) doi:10.2196/jmir.5592

KEYWORDS

digital divide; mHealth; eHealth; mass media; mobile phone; nhoncommunicabl e diseases; short message service; email; internet
access; developing countries; low- and middle-income countries; Africa

Introduction

Evidence suggests that prevention and control of
noncommunicable diseases (NCDs) is one of the major health
challenges of the 21st century, including in low- and
middle-income countries [1,2]. Multifaceted health education
strategies combined with multisectoral policies aimed at
promoting healthy behaviors are needed to reduce the burden
of NCDs[1-4]. Before planning new NCD-related interventions
to raise health awareness in the population, it is important to
assess the reach of the existing mass media campaigns and to
evaluate the potential audience of the planned additional
interventions [4]. In this study, we assessed the reach of health
education programs on national public television and radio in
the Seychelles and the potential reach of short message service
(SMS) or email-based interventions (mHealth) according to
age, sex, socioeconomic status (SES), and health risk groups.

Health education through traditional mass media such as
television and radio, when provided at a sufficiently high
frequency, can promote healthy behaviors[5,6]. Advantages of
health education campaigns through traditional mass media
include awide audience reach, an easily augmentabl e frequency
of delivery, a high degree of control over content, and a
relatively low cost per person exposed [5]. On the other hand,
limitationsinclude difficultiesin capturing audiences’ attention
inanincreasingly cluttered mediaenvironment, the 1-way flow
of information from providersto consumers, and alimited ability
to offer target-specific messagesto pre-identified audiences[6].

To outweigh some of the limitations of health education
programs based on traditional mass media, a growing number
of SM S or email-based (mHealth) interventions have been used
in both developed and developing countries. The steady risein
ownership of mobile phone and other digital communication
technologies has facilitated mobile-based interventions,
including the provision of health information through mobile
messaging and emails[7]. For example, the use of mHealth was
highlighted as a key strategy to combat NCDs in developing
countries at the 2011 United Nations high-level meeting on
NCDs [1]. Pursing this strategy, telecommunication agencies
and the World Health Organization (WHO) launched the
initiative “Be He@lthy Be Mobile’ in 2015, which aims to
leverage mobile technology, in particular text messaging and
related apps, to help combat the growing global burden of NCDs

[8].

In recent decades, there has been a considerable rise in mobile
phone ownership in low- and middle-income countries [9].
Based on datafrom the International Telecommunication Union
[9], Figure 1 highlights the growth of mobile phone

http://www.jmir.org/2016/5/e114/

subscriptions in 48 upper middle-income countries. Figure 1
illustrates that the rate of mobile subscriptions per 100
inhabitantsin 50% of upper middle-income countriesincreased
more than 20-fold between 2000 and 2014. The Seychelles—our
study site—consistently ranked in the top 25th percentile of
upper middle-income countriesthroughout this period, reaching
160 mobile subscriptions per 100 inhabitants in 2014 [9]. By
2010, the penetration of mobile phones in the Seychelles had
surpassed household ownership rates of landline phones (49%),
radio (87%), and television (95%) [10].

Mobile-based interventions are increasingly used in health
promotion campaigns providing target-specific SMS that
encourage specific behavior changes such asincreased fruit and
vegetable consumption [11], smoking cessation [12], and
adoption of healthy lifestyles[13]. Furthermore, mobile-based
approaches have also been increasingly applied to address
various aspects of disease prevention such as appointment
keeping, medication adherence, medical test results delivery,
remote diagnosis, data collection, access to health records,
diseasetracking, and medical responsein emergency situations
[7,14-18].

SMS- or email-based programs offer several advantages over
traditional mass media for heath promotion and disease
prevention, as they provide opportunities for interactive 2-way
communication [15] and target specific, tailored behavior change
communication [16,19]. Such interventions offer the opportunity
for dissemination of automated, timely, and target-specific
messages, which can be designed to complement or mirror
in-person counselling [20,21]. For example, messages can offer
tailored advice, behavior tracking, goa setting, encouragement,
or persona feedback in different stages of behavior change
[22-24]. Many theories focus on the need for health messages
to offer predisposing, reinforcing, and enabling components of
effective health interventions [25]. Several emerging behavior
theories suggest that SMS- or email-based interventions can
provide timely health messages that can match the level of an
individual’s motivation and hisor her ability to act, and therefore
facilitate behavior change [26]. While many studies have shown
that mobile phone strategies, using either voice or SMS
messaging, can encourage behavior change by increasing patient
self-efficacy and assisting in chronic disease management
[15,20,24,27-29], further research on SM S-based interventions
isrequired to design effective public health interventions using
mobile technol ogy.

A magjor constraint in the success of any mHealth initiative is
its ability to reach the target population, aswell asits adoption,
acceptance, and utility from the users perspective [20,30].
Numerous studies have highlighted the potential inequity in
access to technol ogy-based services resulting from differences
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in adoption of new technologies such as mobile ownership or
Internet access, a concept known as the digital divide [31-33].
Socioeconomic indicators such as sex, education, and income
are afew of the many determinants of thisdigital divide. While
the rapid rise in mobile ownership in low- and middle-income
countries is reducing the socioeconomic gap in mobile
ownership, there remain important differences in adoption of
modern technology, particularly in developing countries [31].
Despite this existing gap, several mobile-based initiatives have
been successfully implemented in African countries providing
health care servicesto remote areas [24,27-29,34-37].

To date, mHealth interventions in Africa have mostly focused
on human immunodeficiency virugAIDS, malaria, and maternal
and child health [20]. However, evidence in support of these
approaches in addressing the burden of NCDs in African
countries is growing, manly amed a improving
patient-provider communication [17]. Recent studies have
highlighted the benefits of mHealth interventions for cancer
careinrural Cameroon [34], Zambia[35], and Nigeria[36] and
diabetes care in Western Kenya [37]. However, a continued

Figure 1. Mobile phone subscriptions per 100 inhabitantsin percentiles for
180

Yepeset d

challenge with health education interventions is to ensure that
exposure to health messages extends to all persons targeted,
whether a particular group (eg, persons at risk of NCDs) or the
entire population, including persons of low SES or otherwise
other sociodemographic characteristics that make them less
susceptible to be exposed to a particular mass medium.

Degspite the overall rise in mobile penetration in developing
countries, it is important to assess the penetration of maobile
phones and other electronic devices across different
demographic, SES, and health risk categories in order to
adequately design SMS- or email-based health education
interventions. Using data from a national health survey in
2013-2014 in the Seychelles, we assessed 1) self-reported
exposure to programs related to NCDs on national public
television and radio during the 12 months preceding the survey,
2) current ownership of maobile phones, smartphones, tablets,
or computers and Internet access, and 3) willingness of
individual s to receive emails or SMSrelated to information on
NCDs, with afocus on the distribution of these variables across
different demographic, SES, and NCD risk groups.

48 upper middle-income countries between 2000 and 2014.
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Methods

We conducted a nationally representative survey (Seychelles
Heart Study V) in 2013-2014 in the Republic of Seychelles,
arapidly developing small island statein the Indian Ocean, east
of Kenya. The survey followed the WHO STEPwise approach
to surveillance and was approved by the Ministry of Health of
the Seychellesfollowing atechnical and ethical review [38,39].
Thee€ligible population included a sex- and age-stratified sample
of all adults aged 25-64 years of the 3 main islands, based on
computerized data of 2010 national population census, which
was thereafter regularly updated by civil authorities. The final
study sample consisted of 1240 participants, reflecting a
participation rate of 73%.

A structured questionnaire was administered face-to-face by
trained survey officers. The questionnaire assessed, among other
information, sociodemographic characteristics (age, sex, income,
education, and occupation), self-reported health behaviors
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(including physical activity, smoking, and alcohol habits),
exposure to programs related to NCDs on national public
television or radio in the past 12 months, ownership and use of
selected information and communication technology (mobile
phone, computer, tablet, and access to email and Internet), and
willingness to receive emails or SMS with information related
to health.

Body weight and height were measured and body mass index
was calculated as weight (in kg) divided by squared height (in
meters). Blood pressure was measured and the average of 3
readings was considered. High blood pressure was defined as
blood pressure =140/90 mmHg or receiving blood pressure
treatment. Elevated blood glucose was defined as plasmaglucose
>6.1 mmol/L or taking antidiabetic medication. Persons at risk
of developing NCD included those who were smoking, drank
excessive amounts of acohol, were not physically active, had
high body mass index, or had high blood pressure, high
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cholesterol, or diabetes. Multimedia Appendix 1 lists the
variables used in this study and their definitions.

We examined the distribution of outcomes across demographic,
SES, and NCD risk groups and evaluated group differences
using Wald tests. We used logistic regression analysis to assess
the associations between socioeconomic variables and our
outcome variables (exposure to traditional mass media,
ownership of mobile phone and other el ectronic devices, access
to and use of the Internet, and willingness to receive
health-related emailsand SM S), adjusting for age, sex, and SES.
Estimatesfor crude and adjusted odds ratios were not markedly
different and therefore we show only adjusted estimates.
Anayses were weighted to reflect the actual population
distribution of persons aged 25-64 years. P <.05 was considered
significant. Analyses were performed using STATA/SE version
12 software (StataCorp LP).

Results

Table 1 presents the distribution of demographic, SES, and
NCD risk categories in the population. Of the 1240 adults,
around half had obtained education beyond obligatory education
(ie, beyond the age of 15-16 years, and approximately one-third
of adults earned more than 8000 Seychelles rupees per month
(~US$ 600), in line with data from the Seychelles National
Bureau of Statistics [40]. In the sample of 1240 participants
aged 25-64 years, the prevalences were 64.32% (n=798) for
overweight or obesity, 59.90% (n=743) for hypertension,
21.36% (n=265) for elevated blood glucose, 20.60% (n=255)
for smoking, 25.41% (n=315) for heavy acohol intake, and
23.16% (n=287) for sedentary lifestyle. All proportions are
adjusted to the actual age and sex distributions of the population
of Seychelles.

M obile Technology Owner ship

Table 2 shows the univariate distribution of ownership of
electronic devices and Internet access by sex, age, and SES
categories and the multivariate odds ratios for the relationships
between the outcomes when adjusted for al the variables
displayed in the table. Overall, of the 1240 adults aged 25-64
years, 1156 (93.21%) owned a mobile phone. The distribution
differed by sex: 1191 women (96.04%) versus 1120 men
(90.32%); age group: 1197 aged 25-34 (96.58%) versus 996
aged 55-64 (80.34%) years, and SES. 1228 persons with
university education (99.03%) versus 860 persons who did not
complete obligatory school (69.35%). Of the 1240 adults, 396
(31.93%) owned a smartphone, 245 (19.75%) used their
smartphone to access the Internet, 678 (54.67%) owned a
computer or tablet at home, and 477 (38.46%) had Internet
accesswith apersonal computer or tablet. Thesocial patterning
of these outcomeswas generally comparablewith that of mobile
phone ownership described above. We observed similar age
and SES differences in adjusted models, even if these
associations were not always statistically significant.

Exposureto Health Programson Mass Media

The first 2 columns of Table 3 show the exposure to health
programs on NCDs through traditional mass media (limited to
health programs from national public radio and television
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broadcasting company). It is important to note that, in our
sample of 1240 adults, 1234 (99.51%) owned atelevision and
1221 (98.46%) owned a radio. In Table 3 , the reported
proportions are univariate, while odds ratios are multivariate,
adjusted to other variables. Participants were asked about their
exposure to health education programs on national public
television or radio on cardiovascular disease, including stroke
and heart attack; cardiovascular risk factors such as
hypertension, blood cholesterol, or diabetes; and lifestyle habits
such as smoking, alcohol drinking, diet, and physical activity.
Overall, 1036 of the 1240 participants (83.54%) reported having
viewed at least one such program on public television during
the past 12 months, while only 740 of the 1240 participants
(59.67%) reported having listened to at least one such program
on public radio during the same time period.

In multivariate analysis, viewing health-related television
programs was higher among women and more mature adults,
and there was no clear systematic relationship with SES.
Similarly, exposure to health-related programs on public radio
was higher among women and older adults, but negatively
associated with SES, even though the estimated coefficients
were generally not statistically significant.

Willingnessto Receive Health M assages by SM S or
Email

The last 2 columns of Table 3 present willingness to receive
health-related SMS or email messages. For self-reported
willingnessto receive health-rel ated messages, 1048 of the 1240
(84.51%) participants expressed willingness to receive such
information by SMS compared with only 508 participants
(40.96%) by email. In univariate analyses, this proportion was
significantly associated with female sex: 1096 women (88.39%)
versus 1000 men (80.64%); age: 1128 young adults at age 25-34
(90.96%) versus 808 older adults at age 5564 (65.21%,) years,
and SES: 1031 adults with highest (83.14%) versus 634 adults
with lowest education categories (51.12%). When adjusted for
all explanatory variables at the sametime, willingnessto receive
SMS or emails related to health continued to be positively
associated with female sex, younger age, and higher SES,
consistent with results of the univariate analyses.

Table 4 examinesthe proportion of thosewith NCD risk factors
with thelikelihood of exposureto NCD-related health programs
on national public media and willingness to receive SMS or
emailsrelated to health, when unadjusted and adjusted for age,
sex, and SES, in addition to al NCD variables. Univariate
analysis showed ahigher proportion of those with hypertension
and diabetes having watched television or radio programs on
health in the past 12 months. However, these differencesare no
longer significant in a multivariate model when adjusted for
SES variables. Findings were similar for willingnessto receive
health-related SM S or email messages. These findings suggest
that when individuals' variation in age, sex, income, education,
and occupation are taken into account, NCD risk factors (ie,
hypertension, elevated blood glucose, overweight, smoking, or
high acohol intake) do not significantly increase or decrease
their interest in NCD-related interventions via mass media or
mHealth.
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Table 1. Characteristics of the study population (Seychelles, N=1240, 2013-2014).
Population characteristics No. %

Sociodemographic variables

Sex
Mae 621 50.11
Female 620 49.98
Age (years)
25-34 356 28.68
3544 362 29.35
4554 327 26.36
55-64 197 15.85
Education
Did not completeobliga- 91 7.37
tory
Completed obligatory 560 45.16
Vocational 174 14.02
Polytechnic 344 27.76
University 72 5.77

Annual income (Seychelles rupees)

<3000 106 8.52

3000-5000 312 25.17
5000-8000 441 35.53
8000-15,000 280 22,59
=15,000 102 8.20

Occupation

Nonqualified laborer 254 20.46
Semiqualified manua 351 28.28
Qualified manual 193 15.57
Semiqualified nonmanual 256 20.64
Qualified professional 224 18.05

Clinical variables

Body massindex (kg/m 2)

<25 (normal weight) 432 34.82
25-30 (overweight) 424 34.22
=30 (obese) 373 30.10
Physical activity
Sedentary 287 23.16
Moderate 780 62.90
Active 173 13.95
Alcohol consumption
None 524 42.22
Moderate 401 32.37
Heavy 315 2541
Smoking status
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Population characteristics No. %
Current smoker 255 20.60
Ex-smoker 119 9.57
Never smoked 866 69.84
Hypertension
Negative 497 40.10
Positive 743 59.90

Elevated blood sugar

Negative 975 78.66
Positive 265 21.36
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Table 2. Univariate distribution and multivariate odds ratios for ownership of mobile phone, smartphone, computer, or tablet, and Internet access, by
sex, age and socioeconomic status (Seychelles, N=1240, 2013-2014).

Population characteristics Ownsamobilephone Ownsasmartphone  Hasaccessto Internet  Owns a personal Has access to Internet
with smartphone tablet or computer with personal comput-
er or tablet
% aoRP % aOR % aOR % aOR % aOR

Total 93.2 319 19.7 54.3 385

Sex
Male 90.4 1 28.9 1 18.0 1 51.7 1 384 1
Female 96.1 6.81° 34.9 1.44 214 1.49 56.9 152 38.6 1.09
P value <.001 .03 a7 .08 .94

Age (years)
25-34 96.6 1 51.8 1 33.7 1 63.6 1 47.8 1
3544 96.5 0.72 30.8 0.40 18.5 0.43 62.0 0.93 424 0.74
45-54 93.6 0.61 24.8 0.34 13.3 0.33 495 0.59 351 0.60
55-64 80.3 0.27 9.90 0.15 7.10 0.22 313 0.37 201 0.38
P value <.001 <.001 <.001 <.001 <.001

Education
Did not complete obligatory 69.4 1 6.10 1 4.70 1 17.4 1 10.1 1
Obligatory 91.8 1.98 19.8 1.84 10.00 1.02 38.1 131 201 0.87
Vocational 95.9 254 43.9 3.85 28.7 248 58.8 2.66 30.1 1.82
Polytechnic 99.2 8.65 45.8 317 28.3 2.03 80.0 345 65.3 2.82
University 99.1 7.70 63.9 7.42 51.5 553 94.5 6.51 87.6 5.64
P value <.001 <.001 <.001 <.001 <.001

Annual income (Seychelles rupees)

<3000 74.3 1 9.50 1 4.10 1 30.7 1 15.7 1
3000-5000 90.8 2.62 26.7 1.87 16.3 214 37.0 0.69 20.0 0.61
5000-8000 95.1 5.45 304 1.95 17.0 1.93 50.4 0.86 345 0.89
8000-15,000 98.0 7.32 451 2.55 28.3 2.68 75.0 157 59.7 1.45
>15,000 98.7 138 41.4 1.93 34.2 3.45 921 6.14 77.9 3.07
P value <.001 <.001 <.001 <.001 <.001
Occupation

Nonqualified laborer 83.0 1 133 1 5.00 1 225 1 6.90 1
Semiqualified manual 935 3.54 29.6 197 19.1 331 43.6 215 30.2 4.23
Qualified manual 92.8 2.25 26.6 1.29 17.7 233 55.4 247 34.7 3.28
Semiqualified nonmanual 98.6 4.84 36.9 214 225 3.08 71.0 4.26 51.4 6.72
Qualified professiona 98.4 231 54.5 313 354 3.28 87.2 5.53 75.1 8.32
P value <.001 <.001 <.001 <.001 <.001

AWald test for univariate differences between the first and last categories of each socioeconomic variable.

BMultivariate odds ratios are adjusted (aOR) to all socioeconomic variables (sex, age, education, income, and occupation) with the reference categories
identified as 1.

CCoefficients with P <.05 are represented in italics.
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Table 3. Univariate distribution and multivariate odds ratios for exposure to television or radio programs on NCDs during the past 12 months and
willingness to receive health-related SM Sc or email, by sex, age and socioeconomic status (Seychelles, N=1240, 2013-2014).

Population characteristic Viewed a program on Listened aprogramon  Would like to receive Would like to receive
television radio SM'S messages email messages
% aOR? % aOR % aOR % aOR

Total 83.6 59.7 84.5 41.0

Sex
Mae 79.3 1 57.8 1 80.7 1 36.4 1
Female 87.8 1.92¢ 61.6 1.08 884 273 453 1.65
P value <.001 2 <.001 .006

Age (years)
25-34 70.1 1 43.8 1 915 1 49.5 1
35-44 87.2 2.76 55.2 1.66 87.1 0.65 43.7 0.61
45-54 90.0 3.62 717 341 86.3 0.85 39.9 0.54
55-64 88.9 3.20 76.6 3.88 65.2 0.33 19.7 0.26
P value <.001 <.001 <.001 <.001

Education
Did not complete obligatory 86.0 1 80.0 1 511 1 10.3 1
Obligatory 87.1 127 62.0 0.72 83.0 257 215 0.65
Vocational 74.1 0.84 52.7 0.80 90.1 3.63 324 1.04
Polytechnic 817 1.09 55.6 0.96 934 5.98 67.5 1.56
University 84.7 147 51.9 0.79 83.2 3.61 93.3 4.93
P value .85 <.001 <.001 <.001

Annual income (Seychelles rupees)

<3000 85.5 1 75.7 1 60.1 1 10.0 1
3000-5000 85.3 131 64.5 0.88 84.5 2.37 20.6 0.92
5000-8000 82.6 117 56.7 0.69 87.7 2.62 34.7 1.26
8000-15,000 82.9 122 55.6 0.69 89.3 222 63.3 2.29
215,000 82.3 0.81 52.0 0.46 835 1.99 82.8 5.94
P value .55 <.001 <.001 <.001
Occupation

Nonqualified |aborer 85.8 1 72.3 1 69.4 1 3.90 1
Semiqualified manual 83.0 121 60.2 0.75 88.1 334 23.6 591
Qualified manual 77.3 0.97 51.3 0.57 825 1.73 337 6.46
Semiqualified nonmanual 86.0 1.06 54.0 0.55 935 3.08 59.0 16.7
Qualified professional 834 0.96 56.7 0.64 87.2 1.30 82.0 254
P value 49 <.001 .001 <.001

AWald test for univariate differences between the first and last categories of each socioeconomic variable.
PNCDs: noncommunicable diseases.
€SMSS: short message service.

dMultivariate odds ratios are adjusted (aOR) to all socioeconomic variables (sex, age, education, income, and occupation) with the reference categories
identified as 1.

€Coefficients with P <.05 are represented in italics.
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Table 4. Univariate distribution® and multivariate odds ratios for exposure to television or radio programs on NCD<P during the past 12 months and
willingness to receive health-related SMS® or email, by NCD risk factor categories (Seychelles, n=1240, 2013-2014).

Population characteristic Mobile  Viewed aprogramon Listenedaprogramon Would liketo receive Would like to receive
owner- television radio SMS messages email messages
ship
% % aOR % aOR % aOR % aOR

Smoking

Smoker 83.3 813 1 55.8 1 80.2 1 28.0 1

Ex-smoker 92.2 85.5 0.93 62.6 0.99 84.5 131 39.8 147

Never smoked 96.2 83.9 0.82 60.4 124 85.8 0.87 445 0.96
<.001 41 25 .06 <.001

Alcohol intake

None 94.5 84.8 1 62.3 1 84.6 1 40.7 1
Moderate 94.8 84.3 1.24 58.6 1.05 85.9 1.13 46.2 0.88
Heavy 89.0 80.3 0.86 56.5 0.91 82.7 0.88 345 0.65
.006 14 12 .50 0.13
Physical activity
Sedentary 93.6 83.9 1 58.6 1 86.4 1 59.0 1
Moderate 93.2 84.8 1.09 60.9 1.03 85.2 0.94 39.8 053¢
Active 92.7 77.0 0.81 55.7 0.99 783 0.57 19.3 0.3
72 A1 .58 .05 <.001
Body massindex
<25 89.2 82.0 1 53.0 1 83.0 1 38.3 1
25-30 95.7 825 0.68 61.1 115 84.8 101 433 0.98
230 94.8 86.4 0.7 65.4 122 86.0 1.05 41.2 0.98
.002 A1 <.001 42 49
Hypertension
Negative 94.9 79.9 1 53.9 1 87.9 1 45.0 1
Positive 90.7 89.0 1.27 68.3 1.05 79.4 0.74 34.8 0.87
.003 <.001 <.001 <.001 .002
Elevated sugar
Negative 94.8 81.8 1 56.7 1 86.9 1 425 1
Positive 87.2 90.0 1.36 70.7 1.09 75.8 0.79 34.9 1.23
<.001 .001 <.001 <.001 .002

AWald test for univariate differences between the first and last categories of each socioeconomic variable,

PNCDs: noncommunicable diseases.
€SMS: short message service.

dMultivariate odds ratios are adjusted (aOR) to all socioeconomic variables (sex, age, education, income, and occupation) with the reference categories

identified as 1.
€Coefficients with P <.05 are represented in italics.

Discussion

We found a large exposure to programs related to NCDs on
national public television in the adult population aged 25-64
years in the Seychelles. This exposure was especially large
among women and ol der persons, with no significant association
with SES. On the other hand, exposure to health programs on
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radio was|ower than on that on television, with higher exposure
among persons of lower SES than among higher SES. Wefound
that the majority of adults owned a mobile phone, but fewer
owned smartphones, computers, or tabletsor had Internet access.
The willingness to receive health-related SMS was higher in
women, younger adults, and thosein higher SES. We also found
that willingness to receive health-related SMS was not
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independently related to aperson’sNCD risk. Overall, this study
highlights the different reach, according to age, sex, and SES,
of health messages on NCDs supplied through public mass
media programs versus health messages that would be based
on SMS or email. In particular, our findings emphasize the
presence of a digital divide according to age, sex, and SES
despite the large penetration of mobile phone and other new
electronic media in the population. This divide does not mean
that modern media are inappropriate for health education
programs related to NCDs, but it suggests that interventions
based on mobile technology should be carefully designed with
regard to specific purposes and audiences. Our findings may
have relevance for other countries that are similar to the
Seychelles, including other small island developing states or
some middle-income countries that have achieved rapid
socioeconomic devel opment.

The sociodemographic differences in maobile ownership and
willingness to receive health-related SM'S or email messages,
asfound in this study, play akey role in ensuring that mHealth
initi atives have an equitabl e reach among the target popul ations
[30]. While SM S-based interventions have apromising potential
for disease prevention and health service delivery, such
interventions can also potentially exacerbate health inequalities
arising from a digital divide [41]. Our findings are consistent
with asocial pattern in the uptake of health-related information
[42].

In additionto asocia digita divide, numerous studies have also
suggested a sex divide in mobile technology adoption, with
greater mobile access among men than among women in most
developing countries[33,43,44]. In contrast, we found that more
women than men owned a mobile phone or a smartphone.
Women were also more willing to receive headth-related SMS
and were morelikely to watch or listen to NCD-related programs
on public television and radio during the year under study. These
differences may be small in absolute magnitude but can be
important when designing health-related public education
programs. This sex difference favoring women over men may
be partialy explained by the relatively high sex equity in
Seychelles, for example, the Seychelles ranked second highest
out of 52 African countries for sex equity according to the
Ibrahim Index [45].

We aso found an age-related digital divide, with modern
communi cation technol ogies being used more often by younger
than by older persons. Thisage-related digital divide was small
for ownership of maobile phones but was larger for smartphone
ownership, and access to and use of the Internet. Also, fewer
older than younger persons were willing to receive SMS or
emailsrelated to health. Thisis consistent with younger adults
and persons of higher SES being prone to adopt new
technologies [33,46,47].

Wefound that persons at higher risk of specific NCD conditions
were not more likely to watch or listen to NCD-related public
television or radio programs, and were not more willing to
receive health-related SM S or emailsthan were personsat lower
NCD risk, when adjusted for demographics and SES. It is
possible that persons with NCD risk would have shown more
interest in SMS-based health programs if they had been fully
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aware of the many potential benefits of mHealth in general,
such as SMS reminders to attend medical visits or to take
medications, or health messagestailored to aperson’s particular
condition.

The finding that the use of mobile communication devices, or
willingness to receive health-related SM'S or email messages,
is higher among younger adults and among persons of higher
SES—irrespective of NCD risk—has important public health
implications, since NCDstend to concentratein persons of older
age and in persons of lower SES. The socia and age-related
digital divides not only stem from different levels of ownership
of mobile devices, but also relate to differences in motivation,
ability, and skills to use these devices and the related apps. It
is likely that the age and socioeconomic digital divides will
decreasein the coming generations, which will allow for persons
from broader age and SES categories aso to benefit from
mHealth services. More generaly, age, sex, and social
differences in the use of mHealth stress the need to carefully
design interventions and to address potential equity concerns.

On the other hand, the larger ownership of mobile phones and
smartphones, and access to the Internet, as well as the larger
acceptance of health-related SM S and emails, among younger
adults may be viewed as an advantage when designing
SMS-based mHealth initiatives among young adults. In the
sameline, thefreguent use of email and I nternet among persons
with qualified occupations suggests that this target population
could benefit most from Web-based and email health messaging
at the work place.

We aso found that, despite the overall rise in the use of new
media and communication technologies, large proportions of
adults continue to listen to and watch health programs on radio
and television. This is consistent with a strong commitment
from the Seychelles' health authorities to frequently broadcast
radio and television programs on health during the past 25 years.
Wefound that exposureto NCD-related programs on television
was fairly uniform across age, sex, and SES groups. Hence,
these programs may be useful to educate the public about health
issues of general interest, such as raising awareness of NCDs
in the general public, emphasizing the importance of good
medication adherence, explaining the components of a healthy
diet, or stressing the importance of regular blood pressure
checks. We also found that programs on NCDs on public radio
had alarger audience among older persons and among persons
of lower SES, which also corresponds to the population
subgroups at higher risk of NCD. Hence, there may be some
benefit for continued use of traditional mediato broadcast health
education programs related to NCDs in developing countries
such asthe Seychelles.

Several limitations of this study need to be highlighted. The age
range was limited to 25-64 years, that is, we excluded both
children (when healthy behaviors areingrained) and the el derly
(those at higher risk of NCDs). Also, our questions on
willingness to receive health-related email or SMS were not
designed to assess the whole range of mHealth services.
Similarly, questions on exposure to health programs on
traditional media did not assess the impact of these programs
on behaviors. Finally, while the findings in our study may
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possibly extend to afew other rapidly developing small island
states or certain upper middle-income countries that have
experienced rapid socioeconomic development similar to that
in the Seychelles, further research is required to replicate these
findingsin similar contexts. Strengths of the study include the
population-based design, the fairly large sample size, and the
assessment of numerous variables related to the use of mobile
technology and to the exposure to health programs related to
NCDs.

In conclusion, our study offers new evidence on exposure of
health-related programs through traditional media and the
feasibility and acceptance of mHealth interventionsin an upper
middle-income country. With a high reach among all groups of
the population, national television programs on health appeared
to continue to serve as a valuable medium for health promotion

Yepeset d

and NCD prevention. A large majority of the population owned
amobile phone and were willing to receive health-related SMS
messages. However, dueto heterogeneous distribution of mobile
technology and a digital divide at the time of the survey,
mHealth intervention showed the highest potential reach among
personswith higher income and education, aswell asin younger
adults. These finding are important to design and implement
mHealth interventions or health programs in the mass media.
More generaly, this study highlights advantages and
disadvantages of traditional mass media versus modern maobile
technology for providing health education and the substantial
differences in exposure that can occur according to age, sex,
and SES. Our findings further emphasize that health education
interventions supplied through traditional mass mediaor through
modern mobile technology must be carefully designed interms
of the intended targeted audiences.

Acknowledgments

MY, IM, and PB contributed to the analysis and writing of the manuscript. PB, BV, and JG contributed to study design and data
collection, aswell as critical review of the manuscript. Grateful thanks are expressed to the survey officers, to al the participants
in the survey, and to the Ministry of Health of the Republic of Seychelles for continued support of epidemiological research.

MY'’s contribution was funded by the Swiss National Fund (PDF MPI_137232); data collection was partially funded by the
Ministry of Health, Seychelles; the University Institute of Social and Preventive Medicine, Lausanne, Switzerland; the World
Health Organization (Regional Office for Africa); and unconditional grants from the Seychelles Trading Company (STC Ltd)
and Seychelles Petroleum (SEY PEC, Ltd).

Conflictsof Interest
None declared.

Multimedia Appendix 1
Study survey questions and response categories.

[PDF File (Adobe PDF File), 159K B - jmir_v18i5e114 appl.pdf |

References

1.  World Health Organization. Global Action Plan For The Prevention and Control Of Noncommunicable Diseases. Geneva
WHO Press; 2013. URL: http://apps.who.int/iris/bitstream/10665/94384/1/9789241506236_eng.pdf 2ua=1 [accessed
2016-04-28] [WebCite Cache ID 6h725PwkS)]

2. Abegunde DO, Mathers CD, Adam T, Ortegon M, Strong K. The burden and costs of chronic diseases in low-income and
middle-income countries. Lancet 2007 Dec 08;370(9603):1929-1938 [ FREE Full text] [doi: 10.1016/S0140-6736(07)61696-1]

3. Cecchini M, Sassi F, Lauer JA, Lee YY, Gugjardo-Barron V, Chisholm D. Tackling of unhealthy diets, physical inactivity,
and obesity: health effects and cost-effectiveness. Lancet 2010 Nov 10;376(9754):1775-1784. [doi:
10.1016/S0140-6736(10)61514-0] [Medline: 21074255]

4. Gaziano T, Galea G, Reddy K. Scaling up interventions for chronic disease prevention: the evidence. Lancet 2007 Dec
05;370(9603):1939-1946. [doi: 10.1016/S0140-6736(07)61697-3]

5. Wakefield MA, Loken B, Hornik RC. Use of mass media campaigns to change health behaviour. Lancet 2010 Oct
9;376(9748):1261-1271 [FREE Full text] [doi: 10.1016/S0140-6736(10)60809-4] [Medline: 20933263]

6.  Naugle DA, Hornik RC. Systematic review of the effectiveness of mass mediainterventions for child survival in low- and
middle-income countries. JHealth Commun 2014;19 Suppl 1:190-215 [FREE Full text] [doi: 10.1080/10810730.2014.918217)
[Medline: 25207453]

7.  KrishnaS, Boren SA, BalasEA. Hedlthcareviacell phones: asystematic review. Telemed JE Health 2009 A pr;15(3):231-240.
[doi: 10.1089/tmj.2008.0099] [Medline: 19382860]

8.  International Telecommunication Union. ITU-WHO Mobile Health for Non-Communicable Diseases (NCDs) Initiative.
Geneva, Switzerland: 1TU; 2015. URL: http://www.itu.int/en/I TU-D/ICT-Applications/Pages/Be Hesalthy_intro.aspx
[accessed 2016-02-02] [WebCite Cache ID 6f02JQUI]

http://www.jmir.org/2016/5/e114/ JMed Internet Res 2016 | vol. 18 | iss. 5 [e114 | p.123

(page number not for citation purposes)


jmir_v18i5e114_app1.pdf
jmir_v18i5e114_app1.pdf
http://apps.who.int/iris/bitstream/10665/94384/1/9789241506236_eng.pdf?ua=1
http://www.webcitation.org/6h725PwkS
http://www.who.int/choice/publications/p_2007_Chronic_disease_burden_Lancet.pdf
http://dx.doi.org/10.1016/S0140-6736(07)61696-1
http://dx.doi.org/10.1016/S0140-6736(10)61514-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21074255&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(07)61697-3
http://europepmc.org/abstract/MED/20933263
http://dx.doi.org/10.1016/S0140-6736(10)60809-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20933263&dopt=Abstract
http://europepmc.org/abstract/MED/25207453
http://dx.doi.org/10.1080/10810730.2014.918217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25207453&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2008.0099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19382860&dopt=Abstract
http://www.itu.int/en/ITU-D/ICT-Applications/Pages/Be_Healthy_intro.aspx
http://www.webcitation.org/6f02JQU9I
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Yepeset d

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

The World Bank. Maximizing Mobile: Information and Communications for Devel opment. Washington, DC: The World
Bank; 2012. URL: http://siteresources.worldbank.org/

EXTINFORMATIONANDCOMMUNICATIONANDTECHNOL OGIES/Resources/| C4D-2012-Report.pdf [accessed
2016-02-02] [WebCite Cache ID 6f03HUJ1B]

I nternational Telecommunication Union. Statistics: Mobile-Cellular subscriptions. Geneva, Switzerland: 1TU; 2015. URL:
http://www.itu.int/en/I TU-D/Stati stics/ Pages/stat/defaul t.aspx [accessed 2016-02-02] [WebCite Cache ID 6f00UzunJ]
Silva C, Fassnacht DB, Ali K, Gongalves S, Conceicdo E, Vaz A, et a. Promoting health behaviour in Portuguese children
via short message service: the efficacy of a text-messaging programme. J Health Psychol 2015 Jun;20(6):806-815. [doi:
10.1177/1359105315577301] [Medline: 26032797]

International Telecommunication Union. CostaRicaMinistry of Health L aunches mHealth for Smoking Cessation. Geneva,
Switzerland: ITU; 2013. URL: http://www.itu.int/en/I TU-D/ICT-ApplicationsseHEALTH/Be_healthy/Pages/
mHealth_CostaRica smoking.aspx [accessed 2016-02-02] [WebCite Cache ID 6f02dxd7q]

Beratarrechea A, Diez-Canseco F, Ferndndez A, Kanter R, Letona P, Martinez H, et al. [Acceptability of amobile health
based intervention to modify lifestyles in prehypertensive patients in Argentina, Guatemala and Peru: a pilot study]. Rev
Peru Med Exp Salud Publica 2015;32(2):221-229 [FREE Full text] [Medline: 26338378]

World Health Organization. mHealth: New Horizonsfor Health Through Mobile Technol ogies. Geneva, Switzerland: WHO
Press; 2011. URL: http://apps.who.int/iris/bitstream/10665/44607/1/9789241564250_eng.pdf [accessed 2016-02-02]
[WebCite Cache |ID 6f02paBWF]

Cole-LewisH, Kershaw T. Text messaging as atool for behavior changein disease prevention and management. Epidemiol
Rev 2010;32:56-69 [FREE Full text] [doi: 10.1093/epirev/mxq004] [Medline: 20354039]

Bastawrous A, Armstrong MJ. Mabile health use in low- and high-income countries: an overview of the peer-reviewed
literature. JR Soc Med 2013 Apr;106(4):130-142 [FREE Full text] [doi: 10.1177/0141076812472620] [Medline: 23564897]
Bloomfield GS, Vedanthan R, Vasudevan L, Kithei A, Were M, Velazquez EJ. Mobile health for non-communicable
diseases in Sub-Saharan Africa: a systematic review of the literature and strategic framework for research. Global Health
2014;10:49 [FREE Full text] [doi: 10.1186/1744-8603-10-49] [Medline: 24927745]

Thakkar J, Kurup R, Laba T, Santo K, Thiagalingam A, Rodgers A, et al. Maobile telephone text messaging for medication
adherence in chronic disease: a meta-analysis. JAMA Intern Med 2016 Mar 1;176(3):340-349. [doi:
10.1001/jamainternmed.2015.7667] [Medline: 26831740]

Déglise D, Suggs LS, Odermatt P. SM S for disease control in developing countries: a systematic review of mobile health
applications. J Telemed Telecare 2012 Jul;18(5):273-281. [Medline: 22826375]

Gurman TA, Rubin SE, Roess AA. Effectiveness of mHealth behavior change communication interventionsin developing
countries: asystematic review of the literature. J Health Commun 2012;17 Suppl! 1:82-104. [doi:
10.1080/10810730.2011.649160] [Medline: 22548603]

KamisK, Janevic MR, Marinec N, Jantz R, Valverde H, Piette JD. A study of mobile phone use among patients with
noncommunicablediseasesin LaPaz, Bolivia: implicationsfor mHealth research and devel opment. Global Health 2015;11:30
[FREE Full text] [doi: 10.1186/s12992-015-0115-y] [Medline: 26141528]

Head KJ, Noar SM, lannarino NT, Grant Harrington N. Efficacy of text messaging-based interventionsfor health promotion:
ameta-analysis. Soc Sci Med 2013 Nov;97:41-48. [doi: 10.1016/j.socscimed.2013.08.003] [Medline: 24161087]
AbromsLC, Whittaker R, Free C, Mendel Van Alstyne, Schindler-Ruwisch JM. Developing and pretesting atext messaging
program for health behavior change: recommended steps. IMIR Mhealth Uhealth 2015;3(4):e107 [FREE Full text] [doi:
10.2196/mhealth.4917] [Medline: 26690917]

Piette D, List J, RanaGK, Townsend W, Striplin D, Heisler M. Mobile health devices astool sfor worldwide cardiovascul ar
risk reduction and disease management. Circulation 2015 Nov 24;132(21):2012-2027. [doi:
10.1161/CIRCULATIONAHA.114.008723] [Medline: 26596977]

Green LW, Kreuter MW. Health Promotion Planning: An Educational and Environmental Approach. Mountain View, CA:
Mayfield; 2005.

Fogg BJ. A behavior model for persuasive design. California, USA: Claremont; 2009 Presented at: 4th international
Conference on Persuasive Technology; April 26-29, 2009; Claremont, CA.

Gurol-Urganci |, de Jongh T, Vodopivec-Jamsek V, Atun R, Car J. Mobile phone messaging reminders for attendance at
healthcare appointments. Cochrane Database Syst Rev 2013;12:CD007458. [doi: 10.1002/14651858.CD007458.pub3]
[Medline: 24310741]

deJongh T, Gurol-Urganci |, Vodopivec-Jamsek V, Car J, Atun R. Mobile phone messaging for facilitating self-management
of long-termillnesses. Cochrane Database Syst Rev 2012;12:CD007459. [doi: 10.1002/14651858.CD007459.pub2] [Medline:
23235644]

Oh B, Cho B, Han MK, Choi H, Lee MN, Kang H, et a. The effectiveness of mobile phone-based care for weight control
in metabolic syndrome patients: randomized controlled trial. IMIR Mhealth Uhealth 2015;3(3):e83 [FREE Full text] [doi:
10.2196/mhesalth.4222] [Medline: 26293568]

http://www.jmir.org/2016/5/e114/ JMed Internet Res 2016 | vol. 18 | iss. 5 [e114 | p.124

(page number not for citation purposes)


http://siteresources.worldbank.org/EXTINFORMATIONANDCOMMUNICATIONANDTECHNOLOGIES/Resources/IC4D-2012-Report.pdf
http://siteresources.worldbank.org/EXTINFORMATIONANDCOMMUNICATIONANDTECHNOLOGIES/Resources/IC4D-2012-Report.pdf
http://www.webcitation.org/6f03HUJ1B
http://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx
http://www.webcitation.org/6f00UzunJ
http://dx.doi.org/10.1177/1359105315577301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26032797&dopt=Abstract
http://www.itu.int/en/ITU-D/ICT-Applications/eHEALTH/Be_healthy/Pages/mHealth_CostaRica_smoking.aspx
http://www.itu.int/en/ITU-D/ICT-Applications/eHEALTH/Be_healthy/Pages/mHealth_CostaRica_smoking.aspx
http://www.webcitation.org/6f02dxd7g
http://www.scielosp.org/scielo.php?script=sci_arttext&pid=S1726-46342015000200002&lng=en&nrm=iso&tlng=en
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26338378&dopt=Abstract
http://apps.who.int/iris/bitstream/10665/44607/1/9789241564250_eng.pdf
http://www.webcitation.org/6f02paBWF
http://europepmc.org/abstract/MED/20354039
http://dx.doi.org/10.1093/epirev/mxq004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20354039&dopt=Abstract
http://europepmc.org/abstract/MED/23564897
http://dx.doi.org/10.1177/0141076812472620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23564897&dopt=Abstract
http://globalizationandhealth.biomedcentral.com/articles/10.1186/1744-8603-10-49
http://dx.doi.org/10.1186/1744-8603-10-49
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24927745&dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2015.7667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26831740&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22826375&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2011.649160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22548603&dopt=Abstract
http://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-015-0115-y
http://dx.doi.org/10.1186/s12992-015-0115-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26141528&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2013.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24161087&dopt=Abstract
http://mhealth.jmir.org/2015/4/e107/
http://dx.doi.org/10.2196/mhealth.4917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26690917&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.008723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26596977&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD007458.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24310741&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD007459.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23235644&dopt=Abstract
http://mhealth.jmir.org/2015/3/e83/
http://dx.doi.org/10.2196/mhealth.4222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26293568&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Yepeset d

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

Aranda-Jan CB, Mohutsiwa-Dibe N, Loukanova S. Systematic review on what works, what does not work and why of
implementation of mobile health (mHealth) projectsin Africa. BMC Public Health 2014;14:188 [FREE Full text] [doi:
10.1186/1471-2458-14-188] [Medline: 24555733]

Tran MC, Labrique AB, Mehra S, Ali H, Shaikh S, MitraM, et al. Analyzing the mobile “digital divide’: changing
determinants of household phone ownership over timein rural bangladesh. IMIR Mhealth Uhealth 2015;3(1):e24 [FREE
Full text] [doi: 10.2196/mhealth.3663] [Medline: 25720457]

RiceR, Katz J. Comparing internet and mobile phone usage: digital divides of usage, adoption, and dropouts. Telecommun
Policy 2003 Sep;27(8-9):597-623. [doi: 10.1016/S0308-5961(03)00068-5]

Abdelfattah BM, Bagchi KK, Udo GJ, Kirs P. Understanding the internet digital divide: an exploratory multi-nation
individual-level analysis. : AMCIS; 2010 Jan 08 Presented at: Americas Conference on Information Systems; 2010; Lima,
Peru.

Chindo L. Mobile phone usein Cameroon: an increasingly useful tool for thefollow-up of children with Burkitt lymphoma.
Pediatr Blood Cancer 2013 Mar;60(3):524. [doi: 10.1002/pbc.24226] [Medline: 23065945]

Parham GP, Mwanahamuntu MH, Pfaendler KS, Sahasrabuddhe V'V, Myung D, Mkumba G, Stringer Jeffrey SA. eC3: a
modern telecommuni cations matrix for cervical cancer preventionin Zambia. JLow Genit Tract Dis2010 Jul;14(3):167-173
[FREE Full text] [doi: 10.1097/L GT.0b013e3181cd6d5e] [Medline: 20592550]

Odigie VI, Yusufu LM, Dawotola DA, Ejagwulu F, Abur P, Mai A, et a. The mobile phone as atool in improving cancer
carein Nigeria. Psychooncology 2012 Mar;21(3):332-335. [doi: 10.1002/pon.1894] [Medline: 22383275]

Pastakia SD, Karwa R, Kahn CB, Nyabundi JS. The evolution of diabetes care in the rural, resource-constrained setting of
western Kenya. Ann Pharmacother 2011 Jun;45(6):721-726. [doi: 10.1345/aph.1P779] [Medline: 21558485]

World Health Organization. STEPwise approach to surveillance (STEPS). Geneva, Switzerland: WHO; 2016. URL : http:/
/www.who.int/chp/steps/en/ [accessed 2016-02-02] [WebCite Cache ID 6f03W3gRf]

Bovet P, Viswanathan B, Louange M, Gedeon J. Republic of Seychelles National Survey of Noncommunicable Diseases
in Seychelles 2013-2014. Victoria, Seychelles: Ministry of Health; 2015.

National Bureau of Statistics. Seychellesin Figures. Victoria, Seychelles: National Bureau of Statistics, 2015 Nov. URL:
http://www.hsb.gov.sc/wp-content/upl oads/2015/12/Seychell es-in-Figures-2015-editionl.pdf [accessed 2016-02-02]
[WebCite Cache ID 6f03heVwq]

Mardikyan S, Yildiz E, Ordu M, Simsek B. Examining the global digital divide: a cross-country analysis. CIBIMA 2015
Jan 20:1-10. [doi: 10.5171/2015.592253]

Aubert L, Bovet P, Gervasoni JP, Rwebogora A, Waeber B, Paccaud F. Knowledge, attitudes, and practices on hypertension
inacountry in epidemiological transition. Hypertension 1998 May;31(5):1136-1145 [FREE Full text] [Medline: 9576126
Jennings L, Gagliardi L. Influence of mHealth interventions on gender relations in developing countries: a systematic
literature review. Int J Equity Health 2013;12:85 [FREE Full text] [doi: 10.1186/1475-9276-12-85] [Medline: 24131553]
Wesolowski A, Eagle N, Noor AM, Snow RW, Buckee CO. Heterogeneous mobile phone ownership and usage patterns
in Kenya. PLoS One 2012;7(4):e35319 [FREE Full text] [doi: 10.1371/journal.pone.0035319] [Medline: 22558140]

Mo Ibrahim Foundation. Ibrahim Index of African Governance. London, UK: Mo Ibrahim Foundation; 2015. URL: http:/
[mo.ibrahim.foundation/iiag/ [accessed 2016-05-01] [WebCite Cache ID 6hB57sSNY C]

Loges W, Jung J. Exploring the digital divide: internet connectedness and age. Commun Res 2001 Aug 01;28(4):536-562.
[doi: 10.1177/009365001028004007]

Brodie M, Flournoy RE, Altman DE, Blendon RJ, Benson JM, Rosenbaum MD. Health information, the Internet, and the
digital divide. Health Aff (Millwood) 2000;19(6):255-265 [FREE Full text] [Medline: 11192412]

Abbreviations

NCD: Noncommunicable disease
SES: socioeconomic status

SM S: short message service
WHO: World Health Organization

http://www.jmir.org/2016/5/e114/ JMed Internet Res 2016 | vol. 18 | iss. 5 [e114 | p.125

(page number not for citation purposes)


http://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-188
http://dx.doi.org/10.1186/1471-2458-14-188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24555733&dopt=Abstract
http://mhealth.jmir.org/2015/1/e24/
http://mhealth.jmir.org/2015/1/e24/
http://dx.doi.org/10.2196/mhealth.3663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25720457&dopt=Abstract
http://dx.doi.org/10.1016/S0308-5961(03)00068-5
http://dx.doi.org/10.1002/pbc.24226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23065945&dopt=Abstract
http://europepmc.org/abstract/MED/20592550
http://dx.doi.org/10.1097/LGT.0b013e3181cd6d5e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20592550&dopt=Abstract
http://dx.doi.org/10.1002/pon.1894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22383275&dopt=Abstract
http://dx.doi.org/10.1345/aph.1P779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21558485&dopt=Abstract
http://www.who.int/chp/steps/en/
http://www.who.int/chp/steps/en/
http://www.webcitation.org/6f03W3gRf
http://www.nsb.gov.sc/wp-content/uploads/2015/12/Seychelles-in-Figures-2015-edition1.pdf
http://www.webcitation.org/6f03heVwg
http://dx.doi.org/10.5171/2015.592253
http://hyper.ahajournals.org/cgi/pmidlookup?view=long&pmid=9576126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9576126&dopt=Abstract
http://equityhealthj.biomedcentral.com/articles/10.1186/1475-9276-12-85
http://dx.doi.org/10.1186/1475-9276-12-85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24131553&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0035319
http://dx.doi.org/10.1371/journal.pone.0035319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22558140&dopt=Abstract
http://mo.ibrahim.foundation/iiag/
http://mo.ibrahim.foundation/iiag/
http://www.webcitation.org/6hB57sNYC
http://dx.doi.org/10.1177/009365001028004007
http://content.healthaffairs.org/cgi/pmidlookup?view=long&pmid=11192412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11192412&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Yepeset d

Edited by G Eysenbach; submitted 08.02.16; peer-reviewed by J Schindler-Ruwisch; comments to author 02.03.16; revised version
received 15.03.16; accepted 28.03.16; published 20.05.16.

Please cite as:

Yepes M, Maurer J, Viswanathan B, Gedeon J, Bovet P

Potential Reach of mHealth Versus Traditional Mass Media for Prevention of Chronic Diseases: Evidence From a Nationally
Representative Survey in a Middle-Income Country in Africa

J Med Internet Res 2016;18(5):e114

URL: http://www.jmir.org/2016/5/e114/

doi:10.2196/jmir.5592
PMID: 27207074

©Maryam Yepes, Jirgen Maurer, Barathi Viswanathan, Jude Gedeon, Pascal Bovet. Originally published in the Journal of Medical
Internet Research (http://www.jmir.org), 20.05.2016. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly
cited. The complete bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis copyright
and license information must be included.

http://www.jmir.org/2016/5/e114/ JMed Internet Res 2016 | vol. 18 | iss. 5 [e114 | p.126
(page number not for citation purposes)

RenderX


http://www.jmir.org/2016/5/e114/
http://dx.doi.org/10.2196/jmir.5592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27207074&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Masalski et a

Original Paper

Hearing Tests on Mobile Devices: Evaluation of the Reference
Sound Level by Means of Biological Calibration

Marcin Masalski?, MD, PhDEng; Lech Kipinski®, MD, PhDEng; Tomasz Grysinski?, PhDEng; Tomasz Krecicki’,
MD, PhD

1Department and Clinic of Otolaryngology, Head and Neck Surgery, Wroclaw Medical University, Wroctaw, Poland
2Department of Biomedical Engineering, Wroclaw University of Technology, Wroctaw, Poland
3Department of Pathophysiology, Wroclaw Medical University, Wroctaw, Poland

Corresponding Author:

Marcin Masalski, MD, PhDEng

Department and Clinic of Otolaryngology, Head and Neck Surgery
Wroclaw Medical University

Borowska 213

Wroctaw, 50-556

Poland

Phone: 48 515086252

Fax: 48 717343709

Email: marcin.masalski @pwr.edu.pl

Abstract

Background: Hearing tests carried out in home setting by means of mobile devices require previous calibration of the reference
sound level. Mobile devices with bundled headphones create a possibility of applying the predefined level for a particular model
as an aternative to calibrating each device separately.

Objective: The objective of this study was to determine the reference sound level for sets composed of a mobile device and
bundled headphones.

Methods: Reference sound levels for Android-based mobile devices were determined using an open access mobile phone app
by means of biological calibration, that is, in relation to the normal-hearing threshold. The examinations were conducted in 2
groups: an uncontrolled and a controlled one. In the uncontrolled group, the fully automated self-measurements were carried out
in home conditions by 18- to 35-year-old subjects, without prior hearing problems, recruited online. Calibration was conducted
as a preliminary step in preparation for further examination. In the controlled group, audiologist-assisted examinations were
performed in a sound booth, on normal-hearing subjects verified through pure-tone audiometry, recruited offline from among
theworkers and patients of the clinic. In both the groups, the reference sound level s were determined on a subject’s mobile device
using the Bekesy audiometry. The reference sound level swere compared between the groups. Intramodel and intermodel analyses
were carried out as well.

Results: In the uncontrolled group, 8988 calibrations were conducted on 8620 different devices representing 2040 models. In
the controlled group, 158 calibrations (test and retest) were conducted on 79 devices representing 50 models. Result analysis was
performed for 10 most frequently used modelsin both the groups. The difference in reference sound level s between uncontrolled
and controlled groups was 1.50 dB (SD 4.42). The mean SD of the reference sound level determined for devices within the same
model was 4.03 dB (95% CI 3.93-4.11). Statistically significant differences were found across models.

Conclusions. Reference sound levels determined in the uncontrolled group are comparabl e to the values obtained in the controlled
group. This validates the use of biological calibration in the uncontrolled group for determining the predefined reference sound
level for new devices. Moreover, due to arelatively small deviation of the reference sound level for devices of the same model,
it isfeasible to conduct hearing screening on devices calibrated with the predefined reference sound level.

(J Med Internet Res 2016;18(5):€130) doi:10.2196/jmir.4987
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Introduction

This paper concerns the calibration of maobile devices for the
purposes of the pure-tone audiometry and explores the
possibility of the process automation. Thisstudy isthefirst part
of the planned research, which aims to define the accuracy of
pure-tone audiometry conducted on mobile devices using
predefined calibration coefficients.

The evaluation of air conduction hearing threshold may be
performed on common electronic devices such as personal
computers, laptops, tablets, or mobile phones [1-11]. The
examination may not only be applied in screening tests but can
also be useful for self-monitoring in the following hearing
disorders: fluctuating hearing loss, Menier’'s disease, tinnitus,
sudden sensorineural hearing loss, age-related hearing loss, or
during ototoxic therapy [1,2]. Moreover, it may prove beneficial
for preliminary evaluation of patients with otologic complaints
[3], by saving the time needed for more sophisticated
examinationsor for patientswho require more medical attention
[12]. Mobile phone-based hearing tests can also complement
other telehealth methods in otolaryngology such as remote
hearing aid adjustment [13] or mobile phone-based
otoendoscopy [14]. Hearing examinations conducted on common
electronic devices may turn out to be particularly useful in these
parts of the world where access to hearing health care
professionalsis severely limited [15,16].

The air conduction hearing threshold of the pure-tone
audiometry can be compared with the self-determined threshold
carried out in home setting on common electronic devices in
terms of the measurement algorithm, environmental noise, and
the calibration method. The accuracy of the automated
algorithms for the assessment of the hearing threshold is
comparable to that of the ascending method of the pure-tone
audiometry [3,5,10,17-19]. Examinations carried out in quiet
rooms are characterized by a similar error as those carried out
in sound booths [3,4], particularly in patients with hearing
impairments [20].

However, the accuracy of hearing examinations conducted in
home setting is highly dependent on the calibration method.
The device calibration for home-applied self-assessed hearing
test may be conducted in various ways, but its omission leads
to significant measurement errors [6-9,21]. The device and its
components may be calibrated in a laboratory [3-5,10,22,23].
Alternatively, calibration may be conducted in home settings
by means of the biological method, that is, in relation to the
hearing threshold of a normal-hearing person [1,2,11,24]. The
devices calibrated in laboratory conditions exhibit the smallest
error, and for those devices, there is no significant statistical
difference compared with the pure-tone audiometry [4,5,10,22].
Laboratory calibration may also be conducted for groups of
devicesthat are standardized with similar hardware and software
components. In the case of Apple iOS-based devices, the
differencesin sound intensity between different setsare within
4dB, making it possible to achieve accurate results in
comparison with conventional audiometry [3]. By far, the
biggest error isfound in the case of biological calibration. The
mean standard error of the biological calibration method based
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on the Bekesy audiometry is estimated at 4.90dB [24].
However, biological calibration does not require specialized
equipment, and its application significantly improves the
accessibility of the examination.

Popularization of mobile devices that are offered with bundled
headphones entail s the possibility of using the once-determined
reference sound level in all sets of the same type. Due to the
rapidly growing market of mobile devices and their diversity,
it seems appropriate to propose a method of automatic
determination of the reference sound level without having to
calibrate each new device model in alaboratory. The predefined
reference sound level determined by means of the biological
calibration can meet the aforementioned requirements. Until
reliable reference level has been obtained, a user will be asked
to perform the biological calibration before thetest. Thismethod
is particularly important for Android-based devices, which
account for about 80.7% of the mobile devices market (datafor
2014) [25]. Contrary to iOS-based devices, they do not form a
homogeneous group owing to the wide variety of hardware
solutions. It can be assumed that tests carried out on the basis
of the predefined reference sound level will be more accurate
than those based on asinglebiological calibration. At the same
time, the scalability of the proposed solution concerning the
number of device modelsisgreater than alaboratory calibration,
and therefore, the availability of thetest is expected to be higher
aswell.

In this paper, the reference sound level was compared between
the uncontrolled and controlled groups. In the uncontrolled
group, the measurements were conducted at home by the users
themselvesto prepare for further hearing tests. Inthe controlled
group, the audiol ogist-assisted calibration was performed in a
sound booth, in a group of normal-hearing persons verified
through the pure-tone audiometry. The test results were
compared between the groups to examine the possibility of
using the uncontrolled measurements to determine predefined
reference sound levels.

Methods

It was a single-center, parallel trial with no randomization
carried out on 2 separate groups of participants; controlled and
uncontrolled.

In the uncontrolled group, subjects were recruited via an open
access, free mobile phone app “Hearing Test” [26] available on
Google Play, designed for conducting hearing examinations on
mobile devices. The functionality of the app was presented on
the Google Play website so that the participants could learn
more before the installation. A prerequisite for using the app
was giving consent during the initial launch for the data to be
anonymously used for the purposes of app development and
scientific work. The main functionality of the app is the
assessment of the hearing threshold within the frequency band
250 Hz to 8 kHz in relation to the reference sound level. If the
predefined reference sound level for the particular model was
not available in the centralized database, the device had to be
calibrated before the examination. Calibration could aso be
conducted to verify the reference sound level used during the
examination. Therefore, the calibration measurements, which
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are subject of interest in this paper, were not the outcome of
intended actions but resulted from the wish to conduct the
hearing test or to verify the test results. All the users who
conducted calibration using the bundled headphones were
assigned to the uncontrolled group. Detailed instructions on
calibration were presented directly before the measurement.
They contained the requirements of conducting the test in
silence, on headphones, by a normal-hearing person aged 18 to
35 years. Subjectswereidentified by means of aunique number
assigned to the device, more precisely to the instance of the
device's operational system. When morethan 1 calibration was
assigned to the same identification number, the results of the
last calibration were analyzed. The device model wasidentified
by the manufacturer name and the end-user-visible name for
the end product.

In the controlled group, the participants were recruited offline
from among the employees and patients of otolaryngology clinic
through face-to-face prompting. The eligibility criteriawerethe
possession of an Android-based mobile phone with bundlied
headphones and willingness to participate in the study. In the
first stage, the hearing threshold of the participant was verified
through the pure-tone audiometry with the ascending method
[27] conducted on aclinical audiometer Interacoustic AD22%
with TDH-39 headphones previously calibrated according to
the norm 1 SO 389-1:1998. Having installed the “Hearing Test”
app, the calibration was performed in a sound booth with the
use of bundled headphones. If the hearing of the participant was
within the normal range (ie, no higher than 20 dB HL in the
frequency between 125 Hz and 8 kHz), the parti cipant was asked
to perform calibration twice under the supervision of an
audiologist. If not, calibration was conducted twice by 1 of 2
normal-hearing audiol ogists. The results of thefirst calibration
were used in the analysis, whereas the other one served for
calculating the test—retest difference.

In both the controlled and uncontrolled groups, calibration
consisted of determining the hearing threshold by means of the
Bekesy audiometry. The Bekesy audiometry isaself-recording
hearing test in which the subject controls the intensity of the
stimulus by pressing a button, while the frequency of the
stimulusis being slowly changed within the audible range. The
intensity of astimulus decreases aslong asthe buttonis pressed
and increases when released, yielding a near-threshold zigzag
tracing. The calibration was carried out using a pulsed tone,
within the frequency band 125 Hz to 16 kHz, at frequency
change 1 octave/minute and intensity change 2 dB/second [24].
It took 7 minutesto complete the calibration. The results were
stored in the centralized database. Calibration coefficientswere
determined for 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz, 6 kHz,
and 8 kHz by calculating the median within +1/2 octave of
sound intensities, at which achangein the button state occurred.
Thus, the calibration coefficients determine the level of the
signal generated by the device, which eguals the hearing
threshold of the reference person.

Comparison of Reference Sound Levels

The reference sound level has been defined as such alevel of
the signal generated by the device, which will produce in the
bundled headphonesthe sound at theintensity of 0 dB HL. The
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reference sound level can be estimated based on calibration
coefficients assuming that the hearing threshold of the reference
person nears 0dB HL. The estimation will be much more
accurate if the calibration coefficients are decreased by the
hearing threshold of the reference person. By the same token,
the reference sound level can be estimated on the basis of
population if the distribution of its calibration coefficients and
the hearing threshold are known.

The groups were compared by means of the reference sound
level. In the uncontrolled group, the reference sound level was
obtained by decreasing calibration coefficients by the
literature-based median of the hearing threshold in the
population screened for ear-related disorders and a history of
noise exposure[28]. In the controlled group, the reference sound
level was calculated asthe mean value of calibration coefficients
decreased by the pure-tone hearing thresholds. The comparison
of reference sound levelsin groups was conducted on the basis
of confidenceintervals (CIs).

The sample size was determined on the basis of the standard
deviation (SD) of the difference between reference sound levels,
and therefore, it constitutes a set of alternative pairs of numbers
determining the required number of calibrationsin the controlled
and uncontrolled groups. The more calibrations are conducted
in one group, the fewer will be required in the other. On the
basis of preliminary measurements, for statistical significance
.05, statistical power 0.8, and the magnitude of the effect 15 dB,
the required number of calibrations for a single model in the
uncontrolled group was determined at 60, 25, or 15 on the
assumption of 1, 2, or 3 calibrations in the controlled group,
respectively. The experiment was completed after satisfying
criteria for 10 different models. The number of models was
agreed arbitrarily.

Intramodel and Intermodel Analyses

Additional analyses, that are, intramodel and intermodel
analyses, have been carried out. The accuracy of the hearing
examination conducted on the basis of predefined reference
sound level is dependent on the variability of reference sound
level in the group of devices belonging to the same model. On
the basis of the results in the controlled group, an attempt was
made to estimate the aforementioned variability.

Moreover, the necessity of applying different sound reference
levels for different models has been verified. The comparison
of the reference sound levels between models was performed
based on the data in the uncontrolled group.

The “Hearing Test” app was developed based on Web
page-embedded Javaapplet ported to Android system. The Java
applets had previously been used in the research on validity
evaluation of self-test Web-based pure-tone audiometry [2] and
inthe research on biological calibration methods for Web-based
hearing tests [24]. During the trial, based on preliminary
analyses, the number of calibrations required to calculate
predefined calibration coefficients was reduced (from 100 to
16; September 6, 2014). Although the change caused a dlower
growth of the number of calibrationsin the uncontrolled group
for models that have exceeded the required threshold, it
contributed to improving the app’s ratings in Google Play,
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increasing the number of users, and thus quickly obtaining the
required sample size. The remaining modifications to the app
were connected with its devel opment (September 12, 2014) and
correction of minor bugs (September 25, 2014). The app’s
functionalities were expanded to include the possibility of
adding notes, sending and printing the examination results, and
adjusting the calibration coefficients on the basis of the
pure-tone audiogram. During the trial, the app was made
available in 8 new languages besides English and Polish aso
in German, Spanish, French, Italian, Japanese, Korean,
Portuguese, and Russian (September 12, 2014).

Results

In the period between November 30, 2013 and February 13,
2015, the app was installed 114,546 times from Google Play.

Figurel. Flow diagram.
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During that time, 20,747 calibrationswere carried out on 18,154
different devices representing 2772 different models. Overall,
8988 of these calibrations carried out on 8620 different devices
(2044 different models) were performed on the bundlied
headphones. In the controlled group, 158 calibrations (test and
retest) were conducted on 79 devices representing 50 models.
All calibrations conducted on the remaining 8541 devices
representing 2040 models, that is, 8830 calibrations, were
qualified to the uncontrolled group. In the controlled group, 11
of 79 participants (14%) were found to have dlight hearing
impairment, and in these cases, the calibration was performed
by 1 of the 2 normal-hearing audiologists. The analysis was
performed on 10 model s for which the required sample sizewas
obtained, that is, at least 60, 25, or 15 calibrations in the
uncontrolled group in the case of 1, 2, or 3 calibrations in the
controlled group, respectively (Figure 1).

Uncontrolled group

Controlled group

A normal-hearing person aged The normal-hearing employees
Becristment 18-35, recruited via an app. and patients, recruited offline.
n=8541 n,=79
(2040 different device models) (50 different device models)
| [
v !
) ) Biological calibration of the v
Calibration device by means of the None
Bekesy’s audiometry excluAded

:

The mode of

Calculation of the
reference sound level

i literature-based
for a device model

calibration
coefficients decreased by the

threshold of the population.

The mean value of calibration
coefficients decreased by the
pure-tone hearing thresholds of
the participants.

hearing

I

.

Comparison

Comparison of device models that obtained the required sample size:
(n;>60 and ny>1) or (n;>25 and ny>2) or (n;>15 and ny>3)

N=10 different device models

Figure 1. Flow diagram.

Comparison of Reference Sound Levels

In the uncontrolled group, the central tendency of calibration
coefficientswas estimated by the mode asit ismore robust than
the median to outliers [29-31]. Hence, no data were excluded
from further analysis. Choosing the mode as a measure of the
central tendency was dictated by significant asymmetry in the
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distribution (Figure 2), whose causes should be sought in greater
probability of error, leading to overestimation of the coefficient
rather than its underestimation (see Discussion). The mode was
determined by the mean of shortest half sample[29] and its SD
by the bootstrap method [32].

In the uncontrolled group, the reference sound level was
obtained by decreasing the mode of calibration coefficient by

JMed Internet Res 2016 | vol. 18 | iss. 5 [e130 | p.130
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

the median of the hearing threshold level for the population
meeting the calibration requirements, that is, aged 18 to 35 years
with no prior hearing problems. The median was estimated on
the literature-based data of the hearing threshold in population
screened for ear-rel ated disorders and ahistory of noise exposure
[28]. The median for the group aged 18 to 35 years was
calculated asthe weighted arithmetic mean under the assumption
that the hearing threshold in the group aged 18 to 19 yearsis
similar to that in the group aged 20 to 29 years (Table 1). Due
to considerable size of the trial sample (n=5498) used to
determinethe median value, itserror was considered negligible.

In the controlled group, the reference sound levels were
determined by decreasing the values of calibration coefficients
by the pure-tone hearing thresholds. The SD of the reference
sound level swas estimated by means of the differences between
devices of the same model. The differences were calculated at
all 7 frequencies. The SD of the difference was obtained at the
level of 9.09 dB (95% CI 8.67-9.55), and thus, the SD of the
reference sound level in the controlled group was estimated at
6.43 dB (95% CI 6.13-6.75).

Masalski et &

The reference sound levels in both the groups are presented in
Figure 3. They are expressed by theintensity of digital signals,
which generate sounds at the level of 0dB HL. It has been
arbitrarily assumed that thelowest possible signal level that can
be theoretically generated, whose intensity resultsdirectly from
guantization, will be a the level of —-40dB. With the
aforementioned assumptions, for most mobile devices, the
signals with the frequency of 1kHz and intensity of 0dB
generate sounds close to the level of 0 dB HL.

Reference sound levelsin the uncontrolled group were compared
with the reference sound levelsin the controlled group (Figure
3, Tables 2 and 3). Clswere estimated on the basis of the SD of
the difference between these values (Multimedia Appendix 1).
At 95% Cls, statistically significant differences were found in
5 of 77 (7%), which is in accordance with the statistical
significancelevel and confirmsthe similarity of reference sound
levels in both the groups. The mean value of the differences
calculated jointly for all the frequencies and all the analyzed
modelswas 1.50 dB (SD 4.42).

Table1. Literature-based medians of the hearing threshold by gender and groups aged 20 to 29 years and 30 to 39 years [28] and the estimated median

of the hearing threshold for the group aged 18 to 35 years.

Hearing threshold median (dB HL)

Gender, age N Weight 250 Hz 500 Hz 1kHz 2kHz 4kHz 6 kHz 8 kHz
Men, 20-29 650 12 125 5.0 25 25 50 10.0 75
Women, 20-29 1840 12 125 75 25 25 25 10.0 75
Men, 30-39 619 5 125 75 50 50 100 150 10.0
Women, 30-39 2389 5 15.0 7.5 5.0 5.0 5.0 125 10.0
Estimated median, 18-35. 129 6.6 32 32 4.9 111 8.2

Table 2. Differencesin reference sound levels between uncontrolled and controlled groups by device models.

Model Number of calibrationsinthe Number of calibrationsinthe Difference between reference sound levels
uncontrolled group controlled group in groups, dB (SD)

HTC ONE 99 2 -0.75 (4.58)
SAMSUNG GT-18190 43 5 4.99 (5.16)
SAMSUNG GT-19100 % 1 1.29 (3.92)
SAMSUNG GT-19105P 26 3 3.35(3.06)
SAMSUNG GT-19195 83 3 5.80 (4.25)
SAMSUNG GT-19300 100 7 -0.04 (4.29)
SAMSUNG GT-19505 108 5 0.45 (4.43)
SAMSUNG GT-N7100 88 1 4.78 (4.28)

SONY C6603 62 2 -1.14 (4.31)
SONY C6903 55 2 -3.73(5.94)
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Table 3. Differencesin reference sound levels between uncontrolled and controlled groups by frequencies (number of models n=10).

Freguency (Hz) Difference between reference sound levelsin groups, dB (SD)
250 1.58 (5.91)

500 2.63 (4.59)

1k 4.68 (2.86)

2k 2.15 (4.41)

4k 0.53(4.13)

6k 0.67 (6.48)

8k -1.74(5.72)

Figure 2. Calibration coefficients for sample device models at 1 kHz in the uncontrolled group.
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Figure 3. Thereference sound level for different device models (boxplot—calibration coefficients in the uncontrolled group decreased by the median
of the hearing threshold in the population of normal-hearing subjects, x—the reference sound level in the uncontrolled group, that is, the mode of boxplot
data, continuous line—the reference sound level in the controlled group, gray area—95% confidence interval for the difference between reference sound
level in groups, *—statistically significant difference).
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Intramodel Analysis pure-tone hearing threshold of the reference person. Therefore,

the variability of the measured value of the reference sound
Thereference sound level in the controlled groupwasmeasured  |evel is dependent on the variability of the real value of the
by decreasing the value of calibration coefficient by the reference sound level, the measurement error of the pure-tone
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hearing threshold, and the measurement error of calibration
coefficient. Assuming the literature-based SD of the test—retest
examination for pure-tone audiometry at 5.37 dB (95% CI
5.02-5.77) [24], the error of determining pure-tone hearing
threshold is 3.80 dB (95% CI 3.55-4.08). The measurement
error of the calibration coefficient was determined directly on
the basis of the obtained results. The SD in the test—retest
examination was found to be 4.62 dB (95% Cl 4.37-4.91), and
thus, the error is3.27 dB (95% Cl 3.09-3.48). Finally, using the
variability of the measured value of the reference sound level
described in the previous paragraph, the variability of the real

Masalski et &

value of the reference sound level was expressed by SD of
4.03 dB (95% CI 3.93-4.11; Multimedia Appendix 2).

Intermodel Analysis

Reference sound levels were compared between models based
on the measurements carried out in the uncontrolled group. The
distributions of differences between modes of reference sound
levels were determined using the bootstrap method. The
comparison was conducted at the level of statistical significance
P=.01 based on the critical value determined by SD of the
bootstrap distribution. Statistically significant differenceswere
found in reference sound levels (Figure 4).

Figure4. Comparison of reference sound |level s between model s by means of the number of frequencieswith statistically significant differences (P=.01).
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Discussion

Reference sound level sdetermined for the purpose of the hearing
test were compared between controlled and uncontrolled groups
for different models of mobile devices. The difference between
reference sound levelswas obtained at 1.50 dB (SD 4.42), which
confirmsthe possibility of using calibration in the uncontrolled
group for determining predefined reference sound level for new
devices.

The mean, real variability of the reference sound level in the
group of devices belonging to the same model was expressed
by the SD estimated at 4.03 dB (95% CI 3.93-4.11). Thisvalue
limits the hearing test accuracy when a common, predefined
reference sound level isapplied to all devices of the samemodel.
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The estimated variability of reference sound level ishigher than
the value determined for iPads, for which the maximum
intrafrequency difference was 4 dB [3]. One of the reasons for
such a difference could be the change in frequency
characteristics of headphones during their usage. In the
conducted measurements, new headphones were used as well
as long-used ones. The variability determined previoudly is,
however, significantly smaller than the error of the biological
method based on the Bekesy audiometry estimated at the level
of 4.90 dB (95% CI 4.46-5.45) [24].

Statistically significant differences were found in the reference
sound levels between models, in particular between models
produced by different manufacturers. At the same time, some
models had similar reference sound levels. This confirmed the
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need to determine reference levels individually for various
groups of devices, which does not hecessarily correspond with
the proposed division that was based on manufacturer of the
product and the end-user-visible name for the end product.

Distribution of calibration coefficientsin the uncontrolled group
was characterized by significant asymmetry caused by higher
number of coefficients with potentially overstated values. This
may be related to greater odds of making a mistake leading to
overstating coefficient values rather than understating them.
The overstated value of the coefficient may be caused by
potential errors such as noise during calibration, hearing deficits
of the reference person, calibration on damaged headphones,
or abandoning the device during calibration. The understated
coefficient values may only be influenced by interferences or
other disruptions when they are misinterpreted as a reference
signa. The mean difference of the reference sound level between
groups calculated on the basis of the mode was 1.50 dB (SD
4.42). However, if amedianisused instead of amode, the mean
differencewill be’5.39 dB (SD 3.93), which provesthe validity
of the applied measure of the central tendency.

Predefined reference sound levels for new device models may
be determined semiautomatically based on the calibrations
conducted in the uncontrolled group. To estimate the error of
the determination, the SD of the mode of reference sound level
was calculated in relation to the number of calibrations (Figure
5). Calculationswere carried out for every model, cumulatively
for al frequencies, using the bootstrap method. The mean
standard error of determining the predefined reference sound
level was found below 5dB for the number of calibrations
greater than 16.

The mode value precisely determines the reference sound level
but turns out to be not stable enough with a small number of
calibrations. Therefore, an attempt has been made to determine
the reference sound level using a quantile, which in most cases
included the mode. The modal quantile has been found at the
37th percentile. The mean difference between the groups,
determined on the basis of the 37th percentile, is comparable

Masalski et &

to the value obtained for the mode and equals 1.02 dB (SD
3.99). At the sametime, the 37th percentile is characterized by
significantly smaller SD (Figure 5). This is particularly
important in the case of asmall number of calibrations. For the
37th percentile, the mean standard error of determining the
predefined reference sound level was found below 5 dB for the
number of calibrations greater than 10.

The accuracy of hearing examinations determines their
application. Therefore, an attempt was made at estimating the
SD of the difference between classical pure-tone audiometry
and a hearing test conducted on a mobile device calibrated by
means of predefined sound level that was determined in
uncontrolled settings using the biological method. Assuming
the standard error of determining the predefined reference sound
level for 16 calibrations at 5.08dB (95% ClI 2.25-11.02),
variability of reference sound level within a single model at
4.03dB (95% Cl 3.93-4.11), the literature-based SD of
test—retest differences of the pure-tone audiometry at 5.37 dB
(95% ClI 5.02-5.77) [ 24] and making aconservative assumption
of independence of the aforementioned variables, we obtain the
SD of the difference a 8.42dB (95% Cl 6.76-13.16)
(Multimedia Appendix 3). The aforementioned value is
comparable to the values of the screening methods, which had
been presented in earlier works [1,2] and thereby validates the
application of the method in hearing screening.

The method presented in this paper can be applied in screening
hearing examinations on a large scale with the use of popular
mobile devices sold with bundled headphones. Due to rapidly
growing market of mobile devices, the main advantage of the
method is the semiautomated calibration of new models.
Predefined reference sound level for a new model may be
determined on the basis of a biological calibration conducted
by thefirst users of devices. To confirm the estimated accuracy
of the method, it is advisable to conduct a direct comparison of
pure-tone audiometry and a hearing test on mobile devices
calibrated biologically by means of the predefined reference
sound level.

Figure 5. Standard deviation of reference sound level in relation to the number of calibrations (continuous line—median; dotted lines—percentiles:

2.5% and 97.5%).
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Abstract

Background: Identifying novel ways to recruit smokers for treatment studies isimportant. In particular, certain subgroups of
adult smokers, such as heavy-drinking smokers, are at increased risk for serious medical problemsand arelesslikely to try quitting
smoking, so drawing this hard-to-reach population into treatment is important for improving health outcomes.

Objective: This study examined the utility of Facebook advertisements to recruit smokers and heavy-drinking smokers for
treatment research and evaluated smoking and alcohol use and current treatment goals among those who responded to the
Web-based survey.

Methods: Using Facebook’s advertising program, 3 separate advertisements ran for 2 months targeting smokers who were
thinking about quitting. Advertisements were shown to adult (at least 18 years of age), English-speaking Facebook usersin the
greater New Haven, Connecticut, area. Participants were invited to complete a Web-based survey to determine initial eligibility
for a smoking cessation research study.

Results: Advertisementsgenerated 1781 clicksand 272 valid, completed surveysin 2 months, with one advertisement generating
the most interest. Facebook advertising was highly cost-effective, averaging $0.27 per click, $1.76 per completed survey, and
$4.37 per participant meeting initial screening eligibility. On average, those who completed the Web-based survey were 36.8
(SD 10.4) years old, and 65.8% (179/272) were female. Advertisements were successful in reaching smokers; all respondents
reported daily smoking (mean 16.2 [SD 7.0] cigarettes per day). The majority of smokers (254/272, 93.4%) were interested in
changing their smoking behavior immediately. Many smokers (161/272, 59.2%) al so reported heavy alcohol consumption at |east
once a month. Among smokers interested in reducing their alcohol use, more were heavy drinkers (45/56, 80.4%) compared to

non-heavy drinkers (11/56, 19.6%; x2[1'N=272]:13.0, P<.001). Of those who met initial screening eligibility from the Web-based
survey, 12.7% (14/110) attended an in-person follow-up appointment.

Conclusions: Socia media advertisements designed to target smokers were cost-effective and successful for reaching adult
smokers interested in treatment. Additionally, recruiting for smokers reached those who also drink alcohol heavily, many of
whom were interested in changing this behavior as well. However, additional social media strategies may be needed to engage
individualsinto treatment after completion of Web-based screening surveys.

(J Med Internet Res 2016;18(5):€107) doi:10.2196/jmir.5360
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Introduction

Identifying novel ways to recruit smokers for treatment is
important. Tobacco use remains alarge public health problem
[1,2], and most smokerswho try to quit each year do so without
any form of treatment (68.3%) [3] and rarely achieve lasting
abstinence [3]. Certain subgroups of adult smokers, such as
heavy-drinking smokers, may be especially at risk given
evidence that they are less likely to try quitting smoking [4-7]
and have greater odds of serious medical problems, including
cancers, liver cirrhosis, and pancreatitis [8-11]. Thus, drawing
smokers and heavy-drinking smokersinto treatment isimportant
for improving health outcomes.

Research suggests there is a large subgroup of smokers who
also drink heavily. In nationa samples, approximately 6.2
million US adults have co-occurring nicotine dependence and
an acohol use disorder [12]. Additionally, rates of binge (ie,
>5 drinks on the same occasion) and heavy acohol use (ie,
binge use =5 times in the past month) are more than twice as
high in smokers compared with non-smokers (binge: 42.9%
smokers, 17.5% nonsmokers; heavy drinking: 15.7% smokers,
3.8% nonsmokers) [13].

Although most heavy drinkers do not seek treatment [14],
smoking status may be away of identifying heavy drinkers[15]
and engaging them in treatment. Recently, Internet-based
recruitment strategies have been evaluated as alternative
methods for reaching and engaging individuals into treatment
and clinical research. Social mediaadvertising, such asthrough
Facebook, was more cost-effective for reaching young adult
smokers in a national Web-based survey study, totaling $4.28
per survey, and produced more valid results than other
Web-based advertisements (eg, Craigslist) or recruitment
methods through survey companies [16]. Another study
indicated that Web-based recruitment captured a greater
proportion of peoplewith substance use and mental health issues
compared with alternative recruitment methods (ie, flyers,
university courses) [17]. Others have successfully used social
media advertising to reach targeted audiences for substance use
research, including difficult-to-recruit popul ations such asyoung
adults[18], veterans[19], immigrants[20], and L atino smokers
[21]. These studies suggest Web-based advertising may be a
useful tool to consider for recruiting heavy-drinking smokers
aswell.

Given the widespread use of social media by the general adult
population [22], and research highlighting the usefulness of
Web-based recruitment strategies, we sought to examine the
utility of Facebook advertising to recruit adult smokers from
the community for treatment. The primary aims of the study
were to (1) evaluate the effectiveness of Facebook advertising
to reach adult smokers and a subpopulation of heavy-drinking
smokers and (2) characterize smoking and alcohol use and
current treatment goals among responders. Identifying who
responds to smoking advertisements on social media may
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suggest new ideas for recruitment or innovative Web-based
interventions to address substance use.

Methods

Participants

The target population was adult smokers living in the greater
New Haven, Connecticut, area who were interested in
participating in smoking cessation treatment research.
Individuals had to be literate in English to complete the
Web-based survey.

Facebook Recruitment

We utilized Facebook’s advertising program for 2 months from
April 13, 2015 through June 16, 2015. We created 3
advertisements that appeared on the Facebook pages of our
target audience (at least 18 yearsold) within ageographic radius
of 30-40 milesfrom New Haven, Connecticut, given our interest
in recruiting individuals able to participate in an in-person
treatment research study. All 3 advertisementstargeted smokers
interested in treatment by presenting images of cigarettes with
the phrase “Want to quit smoking? We can help” (Figure 1).
Facebook approved all advertisements. The presentation of
advertisements to users was not randomized;, al 3
advertisements were uploaded simultaneously to the Facebook
platform with identical settings. The Facebook advertisement
delivery system was set to optimize advertisement presentation
over time. This system rotates through the advertisement
presentation to display all 3 advertisementsin the set, and when
it is determined that an advertisement is performing better than
others (ie, greater number of clicks), this advertisement is
selected by the program to be displayed more often.

We selected days when we wanted the advertisements to run;
the advertisements ran for 14 daysin total over 2 months. We
specified a spending limit for the entire advertising campaign
(3 advertisements) of $25 per day. On dayswhen advertisements
were running, Facebook set pricing for the campaign (ie, a
“bid”) that was used to calculate a competitive value (ie, sum
of the bid plus the advertisement’s intrinsic quality, measured
by past performance). Bids are entered into an auction where
all advertisers compete for their advertisement to be shown to
their target audience. Facebook monitors competing bids from
other advertisers and optimized our advertisement pricing based
on our spending limit to enhance the likelihood that the
adverti sement would win an auction and be visible to Facebook
users [23]. Facebook monitored the number of impressions (ie,
each time an advertisement is shown to a user), total reach (ie,
number of people seeing the advertisements), clicks on the
advertisements, and total cost for all advertisements. We used
this data to evaluate the success of each advertisement and
cost-effectivenessin obtaining survey responses. In accordance
with Facebook’s data use agreement, we present aggregated
anonymous results.
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Figure 1. Facebook advertisements designed to target smokers interested in quitting.

Advertisement A.

* Yale Smoking and Alcohol Research

it smoking? We can help

Advertisement B.
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Advertisement C.
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t to quit smoking 7 We can help

Study Procedures

The Yae Ingtitutional Review Board approved al study
procedures. After clicking on the advertisement, participants
were brought to a website that described the purpose of the
survey for determining preliminary eligibility for a treatment
research study. Participants were informed that their responses
were confidential and were told they could skip questions they
did not wish to answer although this may affect their eligibility.
Participants were given contact information for research staff
if they had questions or preferred to complete the screening by
phone. Participants provided informed consent by selecting
“yes,” indicating they understood thisinformation, were at least
18 years old, and wished to complete the Web-based survey.
Participants were not offered any incentives for completing the
survey, but the advertisement indicated paid participationinthe
research study (up to $170) and free FDA-approved smoking
cessation treatment if eligible. Survey participants entered
contact information (email addresses and/or phone number) to
facilitate scheduling an intake for the treatment research study.
Responses were screened for duplicate entries and were
excluded from the current analysisif the same email address or
phone number was listed across multiple surveys.

Assessments

The Web-based survey contained 18 questions and took 5-10
minutes to complete. Multiple-choice responses provided an
option for participants to select “No” or “I choose not to
answer.”

Demographics

To ensure that Web-based surveys were brief, data were only
collected about participant age and sex, which were used to
assess initial eligibility for the main treatment research study
(eg, females who were currently pregnant or nursing were
excluded).

Smoking History

Participants reported the number of cigarettes they currently
smoke and their interest in reducing their cigarette use rated
“immediately,” “at alater date,” “I am not interested in reducing
my cigarette use,” or “| choose not to answer.”

http://www.jmir.org/2016/5/€107/
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Alcohol Use History

Frequency of heavy alcohol use was assessed by asking
participants to select how frequently they consumed 4 or more
(if female) or 5 or more (if male) standard drinks using National
Institute on Alcohol Abuseand Alcoholism (NIAAA) guideines
for heavy drinking [24]. Categorical response optionsincluded
“every day,” “5to 6 times aweek,” “3 to 4 times aweek,” “1
to 2 times a week,” “2 to 3 times a month,” “once a month,”
and “never.” Participants were provided information about
standard drink equivalents (ie, 12-ounce bottle of beer, 5-ounce
glass of wine, one shot of hard liquor by itself or in a mixed
drink). Desire to reduce alcohol use was rated “yes,” “maybe
at alater date” or “no.” Alcohol withdrawa symptoms were
assessed by asking participantsif they experienced 10 specific
symptoms when they cut down or stopped drinking (eg,
sweating, vomiting, seizure, hallucinations) rated “yes,” “no,”
“1 choose not to answer,” or “N/A” if participants had never cut
down or stopped drinking.

Other Eligibility Screening Questions

Screening questions regarding whether participants would be
available and eligible for the in-person treatment program
included “are you currently taking part in any other research
study,” “do you have a permanent address and phone number
(yesor no),” and “are you planning on moving out of the greater
New Haven area in the next 6 months?’ Additionaly,
participants were asked if they were currently pregnant or
nursing, being treated for any medical problems, currently taking
any prescription medications, and had ahistory of treatment for
psychiatric problems. They were prompted to provide
free-response text to specify the condition or medication.
Initial Screening Eligibility

Completed surveyswere eval uated by research staff to determine
initial eligibility for participation in atreatment research study.
Eligibility criteria for being invited for an in-person intake
evauation included being at least 18 years old, currently
smoking cigarettes, reporting at least 1 heavy drinking day in
the past month, no history of severe alcohol withdrawa (eg,
hallucinations), not currently participating in another research
study, reporting having a permanent address and phone number,
not planning to move in the next 6 months, not currently

JMed Internet Res 2016 | vol. 18 | iss. 5 [e107 | p.141
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

pregnant or nursing, not currently using medication to treat
alcohol or tobacco use (eg, naltrexone, varenicline, bupropion,
nicotine replacement), and no history of serious psychiatric
illness (eg, schizophrenia, bipolar disorder).

Results

Recruitment Results

Recruitment resultsare depicted in Figure 2. Intotal, 3 Facebook
advertisements generated 102,697 impressions (ie, number of
times the advertisement was displayed), 1781 clicks on the
advertisement, and 516 surveysin 2 months, at an overall cost
of $480.89. Facebook estimated we had adaily reach (ie, number
of people who saw the advertisement) of 3400-9100 out of
890,000 (the total number of people in our selected audience
who were active on Facebook each day). The majority of people
viewed and clicked on our advertisements from mobile devices
(1662/1781, 93%, vs113/1781, 6% on tabletsand 6/1781, <1%

Bold et d

on desktops). Of the 3 advertisements, advertisement A (Figure
1) generated the most interest and clicks to the survey page
(1393/1781, 78.2% of clicks). A total of 328 valid Web-based
surveys were analyzed after removing blank (n=157) and
duplicate (n=31) entries. Of the 328 surveys, 55 (16.8%)
answered only initial questions related to demographics and
interest in changing smoking or drinking behavior. Completed
surveys were reviewed, resulting in 110 participants who met
preliminary screening criteria. Research staff contacted all 110
participants to let them know more about the study and invite
them to compl ete an intake and further evaluation for atreatment
research study. Of those, 18 were interested in the treatment
study and scheduled an intake appointment. Most participants
who scheduled an intake (14/18) attended this appointment.
Overall, Facebook advertising was highly cost-effective,
averaging $0.27 per click, $1.76 per completed survey, $4.37
per participant eligiblefor an intake, and $34.35 per participant
who completed the in-person intake.

Figure 2. Flow diagram showing response rates to Facebook advertisements.
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Participant Characteristics

Descriptive statistics were used to characterize participant
demographics and responsesto survey items. On average, survey
responderswere 37.4 (SD 10.8) yearsold, and 63.4% (208/328)
werefemale. Independent samplet testsand chi-square analyses
were used to assess differences in demographic characteristics

http://www.jmir.org/2016/5/€107/
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by survey completer status (Table 1). Age (t35=—1.86, P=.06),
desireto reduce cigarette use ()(2[2',\]:328] =0.6, P=.73), and desire

to reduce alcohol use (X°[pn-326]=2-3, P=.32) did not differ

significantly by completion status. Significantly more females
completed the survey (179/272, 65.8%) than males (93/272,

34.2%; X1 N=a2s)=3.9, P=.04).
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Table 1. Demographic characteristics by survey completion status.

Bold et d

Demographic characteristics

Incomplete survey (N=56) Complete survey (N=272)

Agein years, mean (SD)
Sex, female, n (%)
Desiretoreduce cigarette use, n (%)
Immediately
At alater date
No response
Desireto reduce alcohol use, n (%)
Yes
Maybe at alater date
No

39.8(12.2) 36.8 (10.4)
29 (51.8) 179 (65.8)
53 (94.6) 254 (93.4)
3(54) 15(5.5)
0(0.0) 3(L1)

15 (26.8) 56 (20.6)
9(16.1) 32(11.8)
32(57.1) 184 (67.6)

Smoking and Alcohol Use

The remaining analyses characterized responses from the 272
completed surveys. The advertisement was successful in
reaching smokersinterested in treatment. All survey respondents
(n=272) reported daily smoking and the majority stated an
interest in immediately reducing their cigarette use. Subjects
reported smoking 16.2 cigarettes (SD 7.0) per day on average.
Additionally, many of the smokerswho responded also regularly
used alcohol. More than 59% (161/272) reported heavy alcohol
consumption at least once a month, measured according to
NIAAA guidelines as = 5 standard drinks/men, = 4 standard
drinks’'women [24]. Figure 3 shows the frequency of heavy
drinking reported by men and women in the sample. More than

Figure 3. Frequency of heavy alcohol use by sex.
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19% (54/272) of respondents indicated they that experienced
at least one acohol withdrawal symptom in the past.

Although most respondents did not wish to reduce their alcohol
use at the time of completing the survey, almost one-third were
interested in making changes now or in the future. Chi-sgquare
analyses were used to examine whether treatment interest
differed between those who reported heavy drinking at least
once amonth and those who reported never experiencing heavy
drinking. The majority of smokers aso interested in reducing
their alcohol use now were heavy drinkers (45/56, 80.4%)

compared to non-heavy drinkers (11/56, 19.6%; X2[1,N:272] =13.0,
P<.001).

45.8%
31.2%
20.4%
20.1% 6.1
I 14. 0% 14 0%
1-2 xweek 2-3xmonth 1xmonth Mever

Frequency of Heavy Drinking

Males (N=93)

Medical and Psychiatric History

Participants responded to questions about current medical and
psychiatric problemsto assessinitial eligibility. Overal, 1.5%
(4/272) were currently pregnant or nursing, 22.1% (60/272)
reported currently being treated for a medical problem, 17.3%
(47/272) reported ahistory of treatment for psychiatric problems,

http://www.jmir.org/2016/5/€107/

B Females (N=179)

31.6% (86/272) reported currently taking medications or
prescription drugs, and lessthan 5% (13/272) selected that they
preferred not to answer these questions.
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Discussion

This study evaluated the utility of Facebook advertising to
recruit smokers and heavy-drinking smokers for treatment.
Using 3 advertisements over 2 months, we were able to target
adultsinterested in smoking cessation treatment, many of whom
also drank heavily and wereinterested in changing their alcohol
use as well. The majority of clicks on the survey from our
advertisements resulted in valid, completed survey responses.
Furthermore, the obtained information allowed for a
cost-effective way of conducting initial eligibility screening,
although additional efforts may be needed to engageindividuals
into treatment after completion of Web-based screening surveys.

Overall, Facebook was effective for reaching adult smokersand
heavy-drinking smokers. However, only 12.7% of those who
were initially eligible based on survey responses attended an
in-person intake meeting for treatment research. The average
cost per valid completed survey was comparable to costs from
social mediaadvertising reported by Ramo and colleagues[16].
Although the cost per participant completing the intake
appointment was higher ($34), this was comparable or cheaper
than other investigations using Web-based social media to
recruit for smoking studies ($30-$170) [25-28], and was less
expensive than traditional recruitment costs (eg, direct mailing
or print journalism) reported in other studies ($50-$600)
[26,29,30]. Only asmall proportion started but did not complete
the survey. We successfully obtained responses about tobacco
and alcohol use for the majority of respondents who initiated
the survey, suggesting Web-based surveys may be especially
useful for quickly obtaining arange of information from target
audiences, including information on potentially stigmatized
behavior such as substance use. Additionally, elements of online
communication such as convenience, familiarity, or anonymity
may contribute to individuals' greater willingness to complete
Web-based surveys compared with face-to-face meetings.
Although this may reduce the rate of in-person follow-up from
Web-based advertising and potentially limit the utility for
recruiting smokers into traditional treatment in practice, it is
also possible that Web-based advertising reaches individuals
who would not otherwise present for treatment. Identifying
more effective ways to encourage in-person follow-up or
capitalize on online convenience will beimportant for treatment
dissemination.

In particular, reaching heavy-drinking smokersthrough smoking
cessation treatment may provide unique opportunities for
motivational enhancement interventions for those who are not
currently interested in treatment for their alcohol use. Although
most survey respondents were interested in changing their
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smoking behavior, fewer were interested in changing their
alcohol use. However, our results suggest there is a subset of
smokerswho areinterested in changing both tobacco and a cohol
use behaviors at the same time. These findings are consistent
with prior work [31,32] and support the idea of integrating
smoking cessation services into treatment for co-occurring
substance use [33-36].

This study has several limitations that should be considered.
First, we are unable to determine the representativeness of the
samplerecruited through Facebook. Datagenerated by Facebook
do not alow us to assess how our sample of respondents
compareswith the general population of Facebook users meeting
our target criteria. Additionally, our sample is from a limited
geographic region given our interest in using Web-based
recruitment to generate participants for an in-person treatment
study. We only collected demographic information related to
sex and age, thuswe arelimited in our ability to determine how
representative this sample was of our geographic region or how
these results may compare with other regions. However, the
average age and cigarettes per day of our sample were similar
to other studies using Internet-based recruitment for adult
smokers [25,37], supporting the generalizability of these
findings. Furthermore, our 3 advertisements were viewed an
unequal number of times as designed by the Facebook algorithm
(ie, more popular advertisements were shown more often), and
without systematically varying the advertisement content and
presentation of images, it is difficult to determine which
elements of advertisement A were most appealing. Itispossible
that something about the advertisement itself resonated more
with the audience, although additional work is needed to
determine the most effective social media advertising image.
Lastly, we are limited by the self-report nature of the
assessments, and survey results may beinfluenced by reporting
bias. We are unable to determine the reason for incomplete
survey responses. Researchers should carefully consider
participant factors or other technological factorsthat may affect
Web-based survey completion.

Despite these limitations, our results suggest Facebook
advertisements were successful in reaching adult smokers
interested in treatment research. Additionaly, general
recruitment for smokers reached those who also drink acohol
heavily, which may provide an opportunity to engage heavy
drinkers into treatment. Given the widespread use of social
media and the ease of connecting to users on the go through
mobile devices, Web-based advertising for survey or
intervention research may be an important strategy to engage
at-risk and hard-to-reach populations.
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