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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 technologies are unable to afford, access, or use them. This paper outlines the negative impact that these technologies
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 Internet Res 2016;18(5):e99)   doi:10.2196/jmir.5357
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Introduction

Several larger technology giants and smaller upstarts are 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
devices include the Fitbit, Jawbone, Microsoft Band, and Apple
smartwatch. While there is no widely agreed-upon definition,
personalized health technology generally refers to wearable
devices that 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
technologies 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
factors that are measured by these devices—including physical

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 is being driven by firms
responding to a market for these products, leaving academics
and clinicians to 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 skills required 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 inequities for vulnerable
populations worldwide.

The Problem: Exacerbating Inequity

Inequities are often exacerbated in the shorter term when
innovative technologies enter the marketplace. 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 eventually 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 users tend 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—older adults, racial and ethnic minorities, poorly
educated individuals, and low-income earners—commonly lack
them [16]. Without adequate technological or health 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 technologies 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 least
[17]. As devices become more efficacious, advancements in
health will continue to disproportionately benefit the privileged.
Personalized health technology will not realize its public health
potential in reducing the global burden of noncommunicable
diseases unless challenges associated with the affordability and
accessibility of personalized health technologies 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

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 socially oriented enterprises and influential corporate
leaders alike. Unilever’s Chief Executive Officer, Paul Polman,
wrote in the foreword of Radjou and colleague’s book Frugal
Innovation that the “frugal ingenuity of developing nations with
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 as a whole” [20]. Indra Nooyi,
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 is a
prosthetic that costs less than 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.

Despite 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
social returns to sell at scale while continuing to generate profits
is a ubiquitous issue for companies engaged in frugal innovation.

It is also important that emerging systems, tools, and
personalized health technology devices be subject to rigorous
technology assessments [24]. Established qualitative and
quantitative tools [25] can be used to evaluate performance
against a range of key performance indicators that 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
health technologies to 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 a recent study, the Mi Band—sold in Asia and priced
at less than 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 mobile app. Corporate sponsors translate 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

over a quarter of a million UNICEF therapeutic food packets
for malnourished children [33].

As evidence for the effectiveness of these technologies mounts,
governments with legal and constitutional obligations to 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. In time, new business models are
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 also minimizes the language
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 as well as mounting challenges. The Centers for 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 Internet Res 2016;18(5):e115)   doi:10.2196/jmir.5432
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In October 2015, the “Chinese American Physicians E-Hospital”
celebrated its “grand opening.” Designed specifically for the
Chinese population, this E-Hospital launched a website only in
Chinese and offers toll free numbers for Chinese patients in
both North America and China; 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 health 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.

The number of traveling patients and cost for medical tourism
has skyrocketed in the recent years, contributing to a flourishing
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 a lower price.
Countries such as China, India, Mexico, and Thailand have long
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
available in 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 hospitals in
the US.

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 diagnoses and
26.9% of world’s total cancer deaths [4]. Currently, the 5-year
cancer survivor rate in China is 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
treatments in 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 tourism in US [6].

In the wake of high profit in medical tourism, many hospitals
are investing to make their services more visible and convenient
to their clients from overseas; many hospitals have a department
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 incentives for keeping patients away from the hospital
and clinics, these medical tourists seems to be a logical 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
in US.

The first challenge is a lack 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 requires 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

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 inadequate policies on ethical concerns related
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 trials have
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
are the 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 the issues 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 was to explore proof of concept and test the efficacy of a brief, online group dynamics-based intervention
on PA in a controlled 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–low 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–low 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 persistence in set 1.

Results: Perceptions of cohesion were higher in the group dynamics-based–low 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–low
presence and group dynamics-based–high presence (overall mean 5.42, SD 1.07) conditions (P=.25). Physical activity was higher
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 Centers for Disease Control and
Prevention have identified and advocate several evidence-based
approaches to promoting PA, including social 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 social 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 practitioners to 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, social media)
can and should facilitate group interactions [8,9], thus decreasing
the burden of staff/practitioners. This potential has not gone
unnoticed because Internet-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
programs is typically 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 a brief, online group dynamics-based
PA intervention to lead users through a series of virtual
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 Internet-based interventions include peer social
support components, we compared the effect of a group

dynamics-based intervention with that of a common social
support app (ie, a moderated discussion board). We also 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 was to test the efficacy of a brief,
online group dynamics-based intervention in increasing PA.
The secondary aims were to test the moderating effects of group
cohesion and the presence of a partner. We created and
randomized participants into one of four conditions (individual,
standard, group dynamics-based–low presence, group
dynamics-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–low presence) will be more physically
active than those in a standard social support intervention
(standard) after controlling for baseline PA.

2. The impact of the intervention on PA will be moderated by
perceptions of group cohesion (group
dynamics-based>standard).

3. The impact of the intervention on PA would be moderated
by the partners’ degree of presence (group
dynamics-based–high presence>group dynamics-based–low
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 at a large Midwestern university to
participate in a single 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 alternate 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 studies testing the impact of group dynamics
on PA [22-24], we used a brief intervention in a laboratory
setting to test our hypotheses. There are a number 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 a randomized 2 (gender) × 4 (condition)
× 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 members were
scheduled to participate in the study concurrently. Individual
dyad members were sent to separate testing rooms to 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 social support (n=34, 17 dyads), group
dynamics-based–low presence (n=34, 17 dyads), or group

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 slot (n=17; 14
males, 3 females).

Figure 1. Flowchart of participant distribution.

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 a computer
and began watching a video tutorial that included instructions
for their participation during the experiment. Participants were
given instructions for proper technique for 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 exercise for as long as they could without causing any
undue discomfort or pain to themselves.

To minimize the risk 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

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 exercises independently
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
in the individual condition, participants were given a 15-minute
rest period in which they were told the average duration they
held the planking exercises for, were asked to fill out a brief
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self-efficacy survey, and given generic reading material to
occupy their time until block 2 began. In any of the partner
conditions (standard, group dynamics-based–low 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 activities found in the full version.
The standard version of the app was intended to mimic the
features found in standard social support apps (eg, a discussion
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 a team. Your team’s task 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–low
presence and standard conditions followed 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 as the group dynamics-based–low 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 also completed the cohesion
questionnaire. 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.

Group Dynamics-Based Intervention 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 developed two versions of the app: a full version
that included all group dynamics-based activities and a modified
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 a list 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 a team icon and team name. Next, partners worked
to solve a simple team-based puzzle together. Completion of
the puzzle required partners to cooperatively control an onscreen
character using directional arrows. One dyad member was given
control of the character up/down movements, whereas the 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 positions within 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 be found in Table 1). The full 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.

Table 1. Description of the OurSpace app.

Standard appGroup dynamics-based appTheoretical construct and app feature

Group environment

YesYesShare personal information

NoYesTeam name and icon

Group structure

NoYesEstablish group exercise norms

NoYesEstablish positions within group

Group process

NoYesTeam-based puzzle

Social support

YesYesPrompts to provide and receive support
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Measures/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 differences in 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 also 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]. Original PAGEQ questions were modified to
fit the context of the present study (eg, PAGEQ: “members of
our PA group often socialize during exercise time” was modified
to “members of our exercise group often socialized during time
spent online”). Three items from the original PAGEQ items
were omitted from the modified version due to lack of relevance
within this study.

The modified PAGEQ measured participants’ perceived
cohesion based on four dimensions: (1) attraction to group-task
(ie, “I like the exercise done in this group”), (2) attraction to
group-social (ie, “I enjoyed my social 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
question was answered using a 9-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; scores for attraction to group-task
(Cronbach alpha=.74), attraction to group-social (Cronbach
alpha=.85), group integration-task (Cronbach alpha=.80), and
group integration-social (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 measures ranged from 1 meaning
“no exertion at all” 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. Scores were calculated 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

the stem “Please rate how you feel at the moment about the PA
you have been doing according to the following scales” (eg,
1=I loved it; 7=I hated it). Previous studies have shown high
correlations with the longer 18-item scale (r=.94) [29] and strong
reliability (Cronbach alpha=.91) [30].

Motivation
Motivation 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 the following scale” (eg, 1=corresponds not at all;
7=corresponds exactly). There were four subscales (4 items
each) based on Self-Determination Theory: amotivation
(Cronbach alpha=.94), external regulation (Cronbach alpha=.95),
identified regulation (Cronbach alpha=.95), and intrinsic
motivation (Cronbach alpha=.93).

Sample Power
An a priori power analysis following 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 a power 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 participants using
a group dynamics-based app would be moderated by levels of
presence, a 4 (condition) × 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: all standard, group
dynamics-based–low presence, group dynamics-based–high
presence) × 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 × gender ANCOVA with block 1 RPE
used as a covariate. Enjoyment (measured after block 2) was
analyzed with a 2-way condition × gender ANOVA.
Self-efficacy and all motivation subscales (measured at baseline,
after block 1, and after block 2) were analyzed with separate
2-way condition × 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.

PMean (SD)anCohesion variable and condition vs comparison condition

   Attraction to group-task 

5.71 (1.37)34Standard

.08Group dynamics-based–low presence

.39Group dynamics-based–high presence

6.40 (1.08)34Group dynamics-based–low presence

.08Standard

.68Group dynamics-based–high presence

6.13 (1.21)32Group dynamics-based–high presence

.39Standard

.68Group dynamics-based–low presence

   Attraction to group-social

4.88 (1.19)34Standard

.001Group dynamics-based–low presence

.17Group dynamics-based–high presence

6.06 (1.28)34Group dynamics-based–low presence

.001Standard

.19Group dynamics-based–high presence

5.48 (1.33)32Group dynamics-based–high presence

.17Standard

.19Group dynamics-based–low presence

   Group integration-task 

4.12 (1.18)34Standard

<.001Group dynamics-based–low presence

.02Group dynamics-based–high presence

5.20 (1.04)34Group dynamics-based–low presence

<.001Standard

.43Group dynamics-based–high presence

4.86 (0.93)32Group dynamics-based–high presence

.02Standard

.43Group dynamics-based–low presence

   Group integration-social 

4.61 (1.64)34Standard

.04Group dynamics-based–low presence

.48Group dynamics-based–high presence

5.46 (1.22)34Group dynamics-based–low presence

.04Standard

.44Group dynamics-based–high presence

5.02 (1.17)32Group dynamics-based–high presence

.48Standard

.44  Group dynamics-based–low presence 

aPerceived cohesion scales ranged from 1 to 9.
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Results

Sample Population
The total 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 perceptions were shared within
groups (or “groupness”). Criteria for detecting a small groupness
effect was set at an intraclass correlation coefficient (ICC) of
greater than or equal to .40 for attraction to group-social 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 a group clustering

for perception of cohesion scores (attraction to group-task:
ICC=.258, P=.15; attraction to group-social: ICC=.088, P=.37;
group integration-social: ICC=.505, P=.008; group
integration-task: ICC=.253, P=.16). Results of PA indicated
that scores were not clustered in dyads (ICC=.173, P=.08) for
any conditions (individual: ICC=.268 P=.15; standard:
ICC=.067, P=.40; group dynamics-based–low presence:
ICC=–.088, P=.64; individual: ICC=.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, (F3,121= 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 (F1,121=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.

FemaleaMaleaOverallCondition

Mean (SD)nMean (SD)nRangeMean (SD)n

45.07 (14.85)1755.74 (20.32)1815.6-87.250.56 (18.43)35Individual

53.03 (18.80)1857.18 (15.32)1627.4-86.054.98 (17.12)34Standard

48.93 (14.41)1860.48 (16.98)1622.0-110.854.36 (16.50)34Group dynamics-based–low pres-
ence

55.09 (19.05)1673.86 (17.07)1632.8-102.664.48 (20.19)a32
Group dynamics-based–high pres-
ence

aSignificant at the P<.05 level.

Group Cohesion
There was significant main effect for condition (F8,184=2.77,
P=.01). There were significant differences between conditions
in all 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 deviations in Table
3.

Ancillary Analyses
There were no significant differences in RPE between conditions
(F3,127=1.83, P=.14) or gender (F1,127=0.30, P=.58), on
enjoyment between conditions (F3,127=1.60, P=.19) or gender
(F1,127=0.22, P=.64), or in motivation between conditions
(intrinsic motivation: F3,123=0.50, P=.01; identified regulation:
F3,126=0.41, P=.74; external regulation: F3,126=0.49, P=.68;
amotivation: F3,126= 2.56, P=.06) or gender (intrinsic motivation:
F1,123=0.03, P<.001; identified regulation: F1,126=0.68, P=.41;
external regulation: F1,126=0.50, P=.48; amotivation: F1,126=0.13,
P=.72) over time.

Discussion

The primary aims of this study were to test the efficacy of a
brief, online group dynamics-based intervention to increase PA.
We also examined the ability of the intervention 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 hypotheses were partially
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 the intervention impacted the group cohesion
mediating process, group cohesion was unrelated to PA.
Potential explanations and implications for 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 physically active than those exercising alone and
those receiving a minimal 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. This is an encouraging result
because self-determined motivation is correlated 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, all 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 this claim. Third, the importance
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 as long 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
dynamics-based app would report higher perceptions of 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

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].
This finding is encouraging 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 a standard 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 all dimensions
of cohesion were slightly higher in the group dynamics-based
low-presence condition than in the high-presence condition,
although these differences were nonsignificant. Future research
would do well to untangle the impact of presence in online PA
interventions and whether group dynamics-based components
add value to such interventions. Second, we used a convenience
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, this was a brief intervention conducted
in a laboratory with only one bout of exercise. Whether the
impact of this intervention 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.
Additionally, virtual presence of group members had no effect
on either perceptions of cohesion or PA.

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.
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Abstract

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

Objective: This study evaluated the effectiveness of a targeted and fully automated Web-based brief motivational intervention
with no face-to-face components on substance use among adolescents screened for at-risk substance use in 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
online for at-risk substance use using the CRAFFT (Car, Relax, Alone, Forget, Friends, Trouble) 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 AUDIT-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: In total, 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 analyses and drinking quantity (P=.021)
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when missing data were imputed. Analyses for illegal drug use and polydrug use revealed no significant differences between the
study groups (Ps>.05).

Conclusions: Although the study is limited by a large 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 adolescents.

Trial Registration: International Standard Randomized Controlled Trial Registry: ISRCTN95538913;
http://www.isrctn.com/ISRCTN95538913 (Archived by WebCite at http://www.webcitation.org/6XkuUEwBx)

(J Med Internet Res 2016;18(5):e103)   doi:10.2196/jmir.4643
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Introduction

Early misuse of alcohol and other drugs is widespread in Europe
with higher prevalence compared to other regions in the world
such as the United States [1, 2]. Although temporary substance
misuse is a common 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] due to 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 alcohol 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 problems are in 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 alcohol- 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 related
harms for emerging adult at-risk drinkers up to 12 months after
the intervention [28-31].

The literature on Web-based interventions for illegal drug use
is not as developed as it is for alcohol, but a recent meta-analysis
(including 10 studies) suggests that overall the effects are

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 interventions to address substance use
and related problems mainly targeted emerging adults [35], the
motivational 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]. Motivational
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 appraisal for
short-term benefits at the cost of possible long-term adverse
effects [17, 37, 38]. Although effects of MI 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
favorable results from face-to-face [43, 44] as well as Web-based
MI-interventions among young adults [29-31]. However, studies
targeting mid-to-late adolescents (aged 16-18 years) are lacking
[45] despite the fact that this is a critical 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 was therefore to test the effectiveness
of a fully automated Web-based brief MI in a sample 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
differences in 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 criteria were 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 centers in Europe developed the purely
Web-based content of the WISEteens portal between June 2011
and March 2012. The IT 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 MI
principles and techniques in a single session together with an
open-access delivery format applying a design to match end-user
characteristics and preferences. Furthermore, the content should
be acceptable, easy to use, and perceived as relevant by the
target group [50-53].

All material was developed in a multidisciplinary team including
experts in clinical health promotion, developmental and clinical
psychology, and certified behavioral therapists. It was first
developed in English and then translated by professional offices
into the respective countries’ languages. The Web portal was
simultaneously launched in all four countries in June 2012 with
recruitment until March 2013. Ethical approval was granted by
the responsible Ethics Committees in 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.

Recruitment
We promoted the open-access WISEteens landing page to recruit
a convenience 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’ domain in
widely used search engines, advertisements via popular social
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 randomization protocol. Participants were
not blinded to random allocation. After informed online consent,
the baseline assessment was completed, including those items
that form the base for tailoring intervention content. Participants

in the intervention condition received a login code to enable
exit and re-entrance. Randomization was generated
automatically by an online computer program without
stratification. The envisioned number of participants was
sufficient to ensure randomization integrity and a likely 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 the first place
(eg, substance use, sex, weight, perceptions of normative
drinking). Navigation through the program was designed as a
dialogue between the user and a virtual expert with “gates” (ie,
choice options) at the end of each page to 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 MI
[40] and consisted of the following 6 components (see
Multimedia Appendix 3 for screenshots), with the first three
applying to alcohol 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 alcohol 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
strategies for goal attainment, (5) decisional balance for selection
of personal costs and benefits of current substance use and a
subsequent graphical display of comparative gains and losses
of behavior change in a balance sheet to illustrate ambivalence,
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

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

The WISEteens intervention was pilot-tested in two steps. First,
10 adolescents chose their 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, translational
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 a short information
page on where to find help in case of urgent counseling or
medical needs.

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

ResponseItems

RangeMedianNo, %Neutral, %Yes, %Mean (SD)

3.1 (0.50)Overall satisfaction with the programb (1=“not satisfied at all”,
4=“totally satisfied”)

3.2 (0.66)Acceptance of program layout and designc (1=“not satisfied at all”,
4=“totally satisfied”)

2.9 (0.80)Program comprehensibilityd (1=“not satisfied at all”, 4=“totally satis-
fied”)

Acceptance of dialogue style and tone

56.343.80“preachy”

18.812.568.8“non-judgmental”

6.312.581.3“appropriate”

10-25 min15 min16.5 min
(5.5)

Duration to complete baseline assessment

5-30 min15 min15.5 min
(7.1)

Duration to complete intervention

aMean age 16.38 (SD 1.23) years; 81.3% men.
bSingle item on overall satisfaction.
c9 items (eg, login/registration procedure, clarity/structure, text amount, graphic design; Cronbach α=.89).
d7 items (eg, content comprehensibility, response format, information amount; Cronbach α=.77).

Data Collection and Measures
All study measures were administered anonymously and online
via self-reports at baseline (t0 before randomization) and at
follow-up (t1, 3 months after t0) 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.

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 use in the past 30 days. Change
in alcohol use (frequency, frequency of binge drinking, and
quantity) 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 have a drink containing alcohol?”; 0=“never” to 4=“four
or more times a week ”), binge drinking frequency (“How often
did you have 5 [4 for girls] or more drinks on one occasion, like
during a party or on one night?”; 0=“never” to 4=“four or more
times a week”), and drinking quantity (“How many drinks
containing alcohol did you have on a typical 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 differences in typical standard drinks. Standard drinks
were overall 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 makes interpretation
easier compared to discrete count drinking outcomes [63, 64].
We included the three separate outcomes (frequency, frequency
of binge 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 additional secondary outcomes. Because
most drug use combinations in Europe include 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 sizes for alcohol use revealed by a recent 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 a type I 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
calculation because the study was designed as an
individual-based RCT and higher level effects from four clusters
were not previsioned [68]. Nevertheless, possible higher order
country effects were addressed in all further analyses as
described below.

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 all LMMs, we used
change in outcome scores from baseline as the dependent
variable, intervention condition as the 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 model fit (delta Bayesian
information criterion=-13.16) (see [69] for a similar 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
is large [70]. EM is a single imputation method that was shown
to outperform the multiple imputation module available in 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
marginal 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 a type I error rate of
P<.05 in 2-sided tests were 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 Characteristics and 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 (t0). 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 a log file record whether the last page of the
intervention has been visible to the user. A total of 211
adolescents participated in the follow-up assessment after 3
months, corresponding to a valid response rate of 14.5%. In this
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 were women
and the majority were currently attending school. Most
participants were recruited in the Czech Republic due to a more
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 a near significant difference (P=.060). This variable
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 differences with regard
to demographic or assessment data at baseline (see Table 2).
Importantly, there were no baseline differences in the intention
to change current alcohol and illegal drug use among the groups.
Distributions of all continuous outcome variables showed
acceptable skew and kurtosis with values well below 1.0 for
baseline and follow-up assessments [74]. Regarding

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
comparisons thus indicate 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 use related variables (all primary and
secondary outcomes) as predictors explained 8.4% of the total

response variance (Nagelkerke’s R2). Corresponding odds ratios
(OR) revealed country of residence as the only significant
predictors for 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% CI 1.52-3.85,
P<.001) and Germany (27%, 31/146; OR 2.514, 95% CI
1.41-4.49; P<.001) but not Belgium (18%, 26/143; OR 1.46,
95% CI 0.76-2.80; P=.26). The analysis thus indicates no biased
attrition based on the available variables except for country of
residence, which was adjusted in all 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).

P aControlIntervention

734 (50.6)715 (49.3)Randomized sample, nb (%)

.25316.85 (0.74)16.81 (0.75)Age in years, mean (SD)

.75848.647.8Sex (women), %

.574Country of residence, %

18.416.2Sweden

9.310.9Germany

9.99.8Belgium

62.463.3Czech Republic

.88594.895.0School status (yes), %

.060Parental education level c , %

10.910.1Low

66.361.4Middle

22.928.5High

.1363.22 (2.31)3.04 (2.30)Intention to reduce alcohold, mean (SD)

.5015.40 (2.40)5.31 (2.46)Intention to abstain from illegal drugsd, mean (SD)

.7142.32 (0.78)2.31 (0.79)Descriptive peer drinking norms, mean (SD)

.6082.72 (1.35)2.75 (1.42)Substance use related risk (CRAFFT sum score), mean (SD)

.49713.00 (2.20)12.92 (2.30)Age at first alcohol use, mean (SD)

.1675.10 (2.58)4.91 (2.49)Alcohol usee (last 12 months), mean (SD)

.8035.46 (2.82)5.43 (2.74)Alcohol usef (last 30 days), mean (SD)

.4131.97 (0.89)2.01 (0.84)Drinking frequencyg, mean (SD)

.5861.84 (1.48)1.79 (1.45)Drinking quantityg, mean (SD)

.0481.78 (0.91)1.67 (0.92)Binge drinking frequencyg, mean (SD)

.46043.045.0Illegal drug use (last 30 days), %

.73440.149.2Polydrug use (last 30 days), %

aResults 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.
eAUDIT-C index score, past 12 months.
fAUDIT-C based index score, past 30 days (primary outcome).
gSeparate 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).

P aControlIntervention

103 (48.8)108 (51.2)Completers-only sample, nb (%)

.13017.03 (0.76)16.87 (0.71)Age in years, mean (SD)

.95952.652.9Sex (women), %

.955Country of residence, %

28.226.9Sweden

13.615.7Germany

11.713.0Belgium

46.644.4Czech Republic

.96188.388.0School status (yes)

.198Parental education level c , %

12.414.6Low

57.343.8Middle

30.341.6High

.2233.13 (2.08)2.76 (2.12)Intention to reduce alcohold, mean (SD)

.5395.59 (2.22)5.39 (2.37)Intention to abstain from illegal drugsd, mean (SD)

.8562.35 (0.64)2.33 (0.66)Descriptive peer drinking norms, mean (SD)

.2102.80 (1.35)2.56 (1.32)Substance use related risk (CRAFFT sumscore), mean (SD)

.78113.06 (2.27)12.97 (2.34)Age at first alcohol use, mean (SD)

.3485.20 (2.47)4.89 (2.27)Alcohol usee (last 12 months), mean (SD)

.6445.53 (2.87)5.35 (2.44)Alcohol usef (last 30 days), mean (SD)

.6952.04 (0.89)2.09 (0.79)Drinking frequencyg, mean (SD)

.6941.85 (1.46)1.77 (1.27)Drinking quantityg, mean (SD)

.2611.69 (0.93)1.54 (0.86)Binge drinking frequencyg, mean (SD)

.94639.542.6Illegal drug use (last 30 days), %

.31331.137.0Polydrug use (last 30 days), %

aResults 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.
eAUDIT-C index score, past 12 months.
fAUDIT-C based drinking index score, past 30 days (primary outcome).
gSeparate 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, participants in the intervention 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%

CI -1.49 to -0.26) while those in the control group slightly
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% CI 0.25-1.79)
and statistically significant (F1,134=6.8, P=.010, d=.26). The
corresponding between-group effect was smaller in the
(imputed) ITT analysis due to significant reductions relative to
baseline in the control group. However, the significant
between-group effect (0.16, 95% CI 0.02-0.25) was maintained
(F1,1329=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, β=-0.13, P=.046; see
Multimedia Appendix 5).

Secondary Outcomes: Drinking (AUDIT-C Based
Separate Items)
We conducted identical analyses for the three drinking indicators
separately. In the non-imputed sample, we found a significant
between-group difference in drinking frequency of 0.25 (95%
CI 0.02-0.50) in favor of the WISEteens group (F1,134=4.4,
P=.037, d=.15), which was not maintained in the analysis based
on EM-imputation (F1,1329=3.2, P=.073, d=.11) due to 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; F1,121=4.2, P=.044, d=.16) in the
non-imputed data analysis, which was not maintained in the
imputed analysis (F1,1329=2.3, P=130, d=.01). Additional FIML
analysis for both outcomes revealed non-significant and similar
results as in the imputed analysis (drinking frequency: B=-0.13,
β=-0.08, P=.230 and binge drinking frequency: B=-0.25,
β=-0.14, P=.059; see Multimedia Appendix 5). For drinking
quantity, we found significant reductions relative to baseline
for the intervention group in the non-imputed analysis of -0.39

(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;
F1,155=1.3, P=.257, d=.13). This effect was significant in the
EM-imputed data-set (F1,1329=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,
β=-0.08, P=.209, see Multimedia Appendix 5).

Secondary Outcomes: Illegal Drug Use and Polydrug
Use
Results for frequency and prevalence of illegal drug use as well
as polydrug use prevalence are summarized in Tables 5 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 overall, 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 effectsa on primary and (continuous) secondary outcomes (non-imputed datasetb).

Between-group differencesControl group (n=734)WISEteens group (n=715)Outcomes after 3
months

dPF(df)Adjusted mean
(95% CI)

PChange from base-
line, adjusted mean
(95% CI)

Mean
(SD)

PChange from base-
line, adjusted mean
(95% CI)

Mean
(SD)

Index alcohol use c

5.46
(2.81)

5.43
(2.74)

Baseline

.26.0106.80 (1, 134)1.02 (0.25 to 1.79).6140.16 (-0.50 to 0.82)5.35
(2.57)

.009-0.85 (-1.49 to -
0.26)

4.59
(2.77)

3-months fol-
low-up

Drinking frequency d

1.97
(.90)

2.01
(0.84)

Baseline

.15.0374.40 (1, 144)0.25 (0.02 to 0.50).305-0.11 (-0.31 to
0.10)

1.88
(0.81)

<.001-0.36 (-0.55 to -
0.16)

1.80
(0.84)

3-months fol-
low-up

Binge drinking frequency d

1.78
(0.91)

1.67
(0.92)

Baseline

.16.0444.20 (1, 121)0.31 (0.01 to 0.61).1520.20 (-0.07 to 0.47)1.66
(0.85)

.375-0.11 (-0.36 to
0.14)

1.39
(0.95)

3-months fol-
low-up

Drinking quantity d

1.84
(1.48)

1.79
(1.45)

Baseline

.13.2571.30 (1, 155)0.23 (-0.17 to 0.62).336-0.16 (-0.50 to
0.17)

1.83
(1.36)

.024-0.39 (-0.72 to -
0.06)

1.59
(1.39)

3-months fol-
low-up

Illegal drug use frequency e

0.80
(1.14)

0.87
(1.20)

Baseline

.07.5320.40 (1, 133)0.10 (-0.21 to 0.40).805-0.03 (-0.28 to
0.22)

0.71
(1.07)

.292-0.13 (-0.37 to
0.11)

0.69
(1.10)

3-months fol-
low-up

aBased 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 calculated 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.
eScores ranging from 0-4 with higher scores indicating more frequent illegal drug use.
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Table 5. Intervention effectsa on binary secondary outcomes (non-imputed datasetb).

Between-group differencesControl group (n=734)WISEteens group (n=715)Outcome after 3
months

OR (95% CI)PF(df)P% (SE)P% (SE)

Illegal drug use prevalence (%)

43.0 (0.02)45.0 (0.02)Baseline

0.67 (0.31 to 1.45).3111.03 (1, 133).43139.5 (0.05).02536.1 (0.05)3-months fol-
low-up

Polydrug c prevalence (%)

40.1 (0.02)42.9 (0.02)Baseline

0.57 (0.27 to 1.20).1382.22 (1, 163).23536.8 (0.05).01231.3 (0.05)3-months fol-
low-up

aBased 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.
bValid follow-up data for n=211 trial participants.
cCombined 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).

Between-group differencesControl group (n=734)WISEteens group (n=715)Outcomes after
3 months

dPF(df)Adjusted mean
(95% CI)

PChange from base-
line, adjusted mean
(95% CI)

Mean
(SD)

PChange from base-
line, adjusted mean
(95% CI)

Mean
(SD)

Index alcohol use b

5.25
(2.78)

5.24
(2.71)

Baseline

.04.0225.23 (1, 1329)0.13 (0.02 to 0.25)<.001-0.49 (-0.60 to -
0.39)

4.82
(1.52)

<.001-0.63 (-0.73 to -
0.52)

4.72
(1.58)

3-months fol-
low-up

Drinking frequency c

1.93
(0.90)

1.98
(0.81)

Baseline

.11.0733.21 (1, 1329)0.03 (-0.003 to -
0.07)

<.001-0.20 (-0.24 to -
0.17)

1.76
(0.46)

<.001-0.24 (-0.27 to -
0.20)

1.75
(0.47)

3-months fol-
low-up

Binge drinking frequency c

1.58
(1.02)

1.54
(0.99)

Baseline

.01.1302.30 (1, 1329)0.03 (-0.01 to -
0.08)

<.001-0.16 (-0.20 to -
0.12)

1.42
(0.47)

<.001-0.20 (-0.24 to -
0.16)

1.39
(0.50)

3-months fol-
low-up

Drinking quantity c

1.75
(1.49)

1.74
(1.46)

Baseline

.05.0215.33 (1, 1329)0.07 (0.01 to 0.12).001-0.08 (-0.14 to -
0.03)

1.71
(0.77)

<.001-0.15 (-0.20 to -
0.10)

1.64
(0.77)

3-months fol-
low-up

Illegal drug use frequency d

0.76
(1.08)

0.84
(1.15)

Baseline

.04.6700.18 (1, 1329)0.01 (-0.3 to 0.04)<.001-0.11 (-0.14 to -
0.08)

0.67
(0.71)

<.001-0.12 (-0.15 to -
0.08)

0.70
(0.76)

3-months fol-
low-up

aBased 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 calculated 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.
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Table 7. Intervention effectsa on binary secondary outcomes (EM-imputed datasetb).

Between-group differencesControl group (n=734)WISEteens group (n=715)Outcomes after 3-months

P% (SE)P% (SE) OR (95% CI)PF(df)

Illegal drug usep revalence (%)

49.6 (0.02)49.8 (0.02)Baseline

1.22 (0.87 to 1.73).2541.30 (1, 1446)<.00139.8 (0.02)<.00141.7 (0.02)3-months follow-up

Polydrug c prevalence (%)

46.3 (0.02)47.8 (0.02)Baseline

1.03 (0.73 to 1.44).8880.02 (1, 1446)<.00139.8 (0.02)<.00141.1 (0.02)3-months follow-up

aBased 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.
bThe binary imputed prevalence outcomes (illegal drug use and polydrug use), a real number between 0 and 1 was transformed back into a dichotomous
variable by rounding off to two positions behind the decimal point.
cCombined use of alcohol and any illegal drug in past 30 days.

Discussion

Principal Findings
The purpose of this study was to test the effectiveness of a fully
automated Web-based screening and brief motivational
intervention targeting adolescents with at-risk substance use in
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
WISEteens intervention group for drinking frequency and binge
drinking frequency but not quantity when missing follow-up
data was not imputed. In contrast, analyses using 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 sizes obtained in this study are small but match those
summarized in recent systematic reviews for fully automated
interventions for young adults [32] and meta-analyses for single
session interventions [76, 77]. Moreover, they correspond with
effect sizes reported for face-to-face brief interventions for youth
who use alcohol 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 a similar intervention (What Do You Drink [WDYD]). This
trial targeted drinking among young people (15-20 years) with
low educational background in the Netherlands [80]. While

WDYD and WISEteens are comparable in central characteristic
(eg, age group, cultural context, single session fully automated
delivery mode, intervention duration, applied theory, and
outcome measures), there are a number of differences that could
account for the divergent effects, such as the school-based study
implementation and different follow-up times. Moreover, in the
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 slight 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. Some intervention elements, such as decisional
balance, importance, and confidence ruler and advice for risk
situations were 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 alcohol, which
may be a limitation. This notwithstanding, the lack 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].
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Strengths and Limitations
Our study is among the first to report on a targeted fully
automated Web-based brief intervention among at-risk
adolescents with excessive alcohol drinking and drug use in 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, alcohol is the most frequently used psycho-active substance
during adolescence, alcohol use disorders are among the most
prevalent and costly mental disorders in industrialized 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
effective targeted prevention may be particularly high in Europe.
For example in Germany, hospital admissions due to acute
alcohol intoxication have increased substantially in the past
years, although the proportion of youth who drink alcohol 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 critical heavy drinking populations, such as college
students [31, 33].

The WISEteens intervention was designed to reflect valid
face-to-face motivational strategies in a Web-based format. We
extended individual feedback techniques typically used in
Web-based brief interventions by other MI 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 limits in
delivering MI-consistent methods such as relational factors in
a fully automated format [91]. However, arguably the ability
of such interventions to deliver standardized intervention content
on a large scale and 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 a reasonably 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 a good balance between
the required amount of program exposure and adherence
requirements of a single session Web-based delivery format for
adolescents [50, 93].

Our study has a number of limitations. First and foremost, results
are limited by the higher than expected dropout rate for
follow-up assessment, which is a frequent 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

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). The fact that we were able to identify intervention effects,
even with the fewer than required number of participants needed
to detect small effects in the evaluation, could be interpreted as
an underestimation of intervention effects. This notwithstanding
and although 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 the imputed and non-imputed analyses and substantial
between-analyses deviations in obtained effect sizes serve as a
quantitative indicator of uncertainty in these results due to the
substantial amount of missing follow-up data.

Another limitation is reliance on self-reported data in this study,
which are often associated with underreporting of alcohol
drinking and other drug use [95]. Measures to avoid
underreporting were assurance of and advice for confidentiality
and a non-judgmental and non-confronting MI style employed
throughout the intervention. Moreover in our study, the
self-report was given anonymously and without personal contact,
which may add to the reliability of self-reported data. Moreover,
we relied on a primary outcome that was based on the
AUDIT-C, which was developed as a screening 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 changes in 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 population 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
a research project. While the self-selected nature of our sample
again limits generalization, we consider the realistic setting of
this trial a significant 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 interventions to reduce adolescent at-risk substance
use hold promise for accessibility and large scale dissemination
but have rarely been tested in randomized controlled trials.
Although limited by substantial dropout to follow-up

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: Effective lifestyle interventions targeting high-risk adults that are both practical for use in ambulatory care settings
and scalable at a population management level are needed.

Objective: Our aim was to examine the potential 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 factors in ambulatory care high-risk adults.

Methods: We conducted a randomized, wait-list controlled trial with 74 adults aged ≥18 years recruited from a large multispecialty

health care organization. Inclusion criteria were (1) BMI ≥35 kg/m2 and prediabetes, previous gestational diabetes and/or metabolic

syndrome, or (2) BMI ≥30 kg/m2 and type 2 diabetes and/or cardiovascular disease. Participants had a mean age of 59.7 years

(SD 11.2), BMI 37.1 kg/m2 (SD 5.4) and were 59.5% female, 82.4% white. Participants were randomized to participate in 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 videos to deliver evidence-based curricula. Blinded outcome assessments were 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: Change in 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 eCMP attendance was high with 59.5-83.8% of immediate and delayed
intervention participants attending 50% of the virtual stress management and behavioral lifestyle sessions and 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://clinicaltrials.gov/ct2/show/NCT02246400 (Archived by WebCite
at http://www.webcitation.org/6h6mWWokP)

(J Med Internet Res 2016;18(5):e134)   doi:10.2196/jmir.5143
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Introduction

The risk for cardiometabolic diseases remains high among US
adults. Although the rates of obesity, a major contributor to this
risk, are leveling, up to 35% of the population continue to be

classified as obese (body mass index [BMI] ≥30 kg/m2) [1].
Addressing the prevention and treatment needs of the population
remains a challenge. 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 crucial 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
translate efficacious interventions into practical and sustainable
programs that can be offered by the existing health 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 population 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 programs that
traditionally place a large burden on personnel and resources.
While evidence suggests that technology-assisted lifestyle
interventions for weight loss are effective, best practices remain
unknown [7]. Shortcomings of existing interventions include
low level of pragmatic methodology 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
sacrifice important face-to-face interactions between health care
providers and patients, and among patients in group settings
[8]. With this in mind, efforts to test the utility of
technology-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 individuals in 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.

For secondary outcomes, we hypothesized that cardiometabolic
risk reduction would result in the immediate 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 a randomized, wait-list controlled trial among patients who
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
comparisons at 3 and 6 months. However, this was a pilot 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
as well 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 mass index [BMI]

≥35 kg/m2 and pre-diabetes, previous gestational diabetes and/or

metabolic syndrome) or secondary prevention (BMI ≥30 kg/m2

and type 2 diabetes and/or cardiovascular disease) were invited
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 medical 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 participants were identified through electronic
health records. Participants were first screened for eligibility
via phone 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 measures were obtained
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and eligibility 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.

The study was approved by the Palo Alto Medical Foundation
Institutional Review Board. Of the 294 patients who responded
to recruitment letters 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).

Figure 1. 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 automatically ensures
allocation concealment. Participants were randomized to receive

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 allocation 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 eCMP Intervention
The goal 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 scale]), (2) a

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
scales were provided to the immediate intervention groups only.
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 a technology-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 behavioral lifestyle component and 7 in-person
sessions for group-based physical activity.

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

FeaturesFunctionComponent

Weight managementLifestyle modification and behavior change contentEvidence- and theory-based

curriculuma
Healthy eating

Physical activity

Stress management

Didactic videosHosting program materials and participant-coach communicationOnline platform and participant
portal

Homework assignments

Calendar/schedule

Other educational resources

Wireless body scalebParticipant self-monitoring, bio-feedback, and remote data captureMobile monitoring devices

Pedometer

Weekly (24) sessionsCurriculum content delivery for weight management, healthy eating,
and stress management

Coach-led virtual small group
sessions

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

Periodic (7) sessionsExercise curriculum content deliveryCoach-led in-person sessions

aCurriculum used includes Diabetes Prevention Program Group Lifestyle Balance (weight management and healthy eating), Active Living Every Day
(physical activity), and Heart Matters (stress management).
bImmediate intervention group only.

Stress Management Component
Interactive sessions for stress management consisted of biweekly
virtual small group meetings of 7-10 participants. Each 1-hour
session was facilitated by a trained 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, hostility, time pressure, mindfulness, self-esteem, and
forgiveness. Prior to each stress management session,
participants were instructed to view an accompanying,
supplemental video available via the 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

Pittsburgh [18,19]. Participants were asked to track their daily
dietary intake via an 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 Measures
All outcome assessors were 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, overall health-related quality of life, was measured
by the Short Form-8 Health Survey (SF-8), an 8-item version
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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 Approaches to
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 scores ranging 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 is a valid 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, is a global 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 obtained
from participants online through survey questions ranked on a
5-point Likert scale with 1 indicating “not at all satisfied” and

5 indicating “extremely satisfied.” The survey included
questions 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
sessions total).

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-effects linear model with adjustment of the baseline value
of the outcome of interest. Between-group differences
(immediate intervention vs delayed intervention) were examined
at 3 months post baseline. Within-group differences for both
immediate intervention and the delayed-intervention group were
assessed at 6 months post baseline. All analyses were conducted
using SAS, version 9.3.

Results

Retention and Baseline Characteristics
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 discernable pattern to the attrition. Participants
were 59.7 (11.2) years old, 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.

Table 2. Baseline characteristics.

Delayed (n=37)Immediate (n=37)All (N=74)

59.8 (10.5)59.6 (11.9)59.7 (11.2)Age in years, mean (SD)

37.3 (5.2)37.0 (5.7)37.1 (5.4)Body mass index, kg/m2, mean (SD)

59.559.559.5Female, %

Race, %

5.45.45.4Hispanic

81.183.882.4Non-Hispanic white

8.104.1Non-Hispanic black

2.72.72.7Asian/Pacific Islander

2.78.15.4Other

27.027.027.0Primary preventiona, %

73.073.073.0Secondary preventionb, %

aPrimary prevention is defined as BMI ≥35 kg/m2and 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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Quality 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 -2.3 kg (-2.0% of baseline) in immediate participants versus
-0.2 kg (-0.01%) in delayed controls at 3 months. The
between-group mean difference in change was -2.1 kg (95% CI
-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/m2 (95% CI -1.5 to -0.02). Delayed

controls achieved comparable BMI reductions at 6 months. At
6 months, the immediate intervention group achieved an overall

mean reduction of -1.0 kg/m2 (95% CI -1.5 to -0.5).

Differences in waist circumference were not significant between
the immediate and delayed groups at 3 months, with a decrease
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 baseline, with
non-significant but consistent tendency of improvements in 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. Changes in quality of life, anthropometric, blood pressure, diet, physical activity, and stress and mental health at 3 and 6 months.

Change from
baseline to 6
months,

mean (95%
CI)

Change from 3 to 6 months,

mean (95% CI)

Change from baseline to 3 months,

mean (95% CI)

Baseline,
mean (SD)

 

 

Immediate (in-
tensive+ main-
tenance)
(n=32)

Delayed (inten-
sive phase)
(n=32)

Immediate
(maintenance
phase) (n=32)

Between-
group differ-
ence, differ-
ence in change

Delayed (no
intervention)
(n=36)

Immediate (in-
tensive phase)
(n=33)

All (N=74)

Quality of life

1.7 (-1.3 to
4.6)

1.3 (-2.3 to
4.8)

3.0 (-0.7 to
6.6)

-2.8 (-6.6 to
1.0)

1.5 (-1.1 to
4.1)

-1.3 (-4.0 to
1.5)

49.2 (8.1)SF-8 mental
component

-0.2 (-3.1 to
2.7)

1.7 (-1.4 to
4.8)

-2.6 (-5.8 to
0.6)

1.4 (-2.4 to
5.2)

0.9 (-1.7 to
3.6)

2.3 (-0.4 to
5.1)

45.1 (7.2)SF-8 physical
component

Anthropometric and blood pressure

-1.0 (-1.5 to -

0.5)b
-0.6 (-1.0 to -

0.1)b
-0.3 (-0.7 to
0.2)

-0.7 (-1.5 to -

0.02)a
0 (-0.5 to 0.5)-0.7 (-1.3 to -

0.2)
37.1 (5.4)BMI, kg/m2

-3.1 (-4.7 to -

1.5)b
-1.6 (-2.9 to -

0.4)b
-0.8 (-2.1 to
0.4)

-2.1 (-4.3 to
0.1)

-0.2 (-1.7 to
1.3)

-2.3 (-3.9 to -
0.7)

107.4 (18.8)Weight, kg

-2.8 (-4.2 to -

1.4)b
-1.5 (-2.6 to -

0.4)b
-0.8 (-1.9 to
0.4)

-2.0 (-4.0 to -

0.1)a
0 (-1.4 to 1.4)-2.0 (-3.5 to -

0.6)
0Weight

change, %

-4.1 (-6.5 to -

1.7)b
-1.1 (-3.0 to
0.8)

-2.2 (-4.2 to -

0.2)b
-0.6 (-3.8 to
2.6)

-1.3 (-3.5 to
0.9)

-1.9 (-4.2 to
0.4)

119.6 (13.9)Waist circum-
ference, cm

0.3 (-2.7 to
3.4)

-2.7 (-6.0 to
0.6)

-0.3 (-3.8 to
3.1)

-0.4 (-4.4 to
3.6)

1.1 (-1.7 to
3.9)

0.7 (-2.2 to
3.6)

124.0 (10.1)Systolic blood
pressure

5.0 (2.5 to

7.4)b
2.8 (-0.5 to
6.1)

2.0 (-1.0 to
5.0)

0.3 (-2.9 to
3.6)

2.6 (0.4-4.8)2.9 (0.6-5.3)72.6 (10.7)Diastolic
blood pressure

Diet and physical activity 

0.1 (-0.4 to
0.6)

0.3 (-0.4 to
0.9)

-0.3 (-0.9 to
0.4)

0.3 (-0.4 to
0.9)

0.1 (-0.4 to
0.6)

0.4 (-0.1 to
0.8)

2.4 (1.4)DASH scorec

-55.7 (-477.7
to 366.3)

-419.2 (-926.1
to 87.7)

-708.5 (-
1224.8 to -

192.2)b

549.2 (-26.8 to
1125.2)

103.6 (-294.8
to 501.9)

652.8 (236.8-
1068.7)

680.5 (634.5)Stanford 7-day
Physical Activ-
ity Recall
(metabolic
equivalents)

Stress management

-0.8 (-1.9 to
0.4)

-0.8 (-1.9 to
0.4)

0.3 (-0.9 to
1.6)

-0.3 (-1.8 to
1.2)

-0.8 (-1.9 to
0.2)

-1.1 (-2.2 to 0)5.2 (4.1)PHQ-9

-1.0 (-2.0 to 0)0.4 (-0.8 to
1.5)

-1.2 (-2.4 to 0)0.8 (-0.6 to
2.1)

-0.5 (-1.5 to
0.4)

0.2 (-0.7 to
1.2)

3.4 (3.1)GAD-7

-1.4 (-3.2 to
0.4)

0.4 (-1.7 to
2.6)

-1.7 (-3.9 to
0.5)

1.5 (-0.8 to
3.8)

-1.2 (-2.7 to
0.4)

0.3 (-1.3 to
2.0)

13.1 (6.1)Perceived
Stress Scale

aP<.05 between group difference.
bP<.05 within group difference.
cDASH 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 data available at the inception of this study). For a nutrient, 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 points for all 9 nutrients.
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Table 4. The changes in fasting plasma lipids by groups at 3 and 6 months.

Change from
baseline to 6
months,

mean (95% CI)

Change from 3 to 6 months,

mean (95% CI)

Change from baseline to 3 months,

mean (95% CI)

Baseline, mean
(SD)

 

 

Immediate (inten-
sive+ mainte-
nance) (n=19)

Delayed (inten-
sive phase)
(n=24)

Immediate
(maintenance
phase) (n=13)

Between-group
difference,

difference in
change

Delayed (no in-
tervention)
(n=32)

Immediate (inten-
sive phase)
(n=22)

All (N=63)

11.1 (-2.2 to
24.3)

-0.8 (-10.4 to
8.7)

16.1 (3.1-29.1)-10.5 (-28.7 to
7.7)

5.4 (-5.8 to 16.7)-5.0 (-19.3 to
9.2)

175.1 (40.6)TC

7.2 (4.3-10.1)a0.4 (-2.2 to 3.0)2.1 (-1.3 to 5.5)2.5 (-1.5 to 6.5)2.5 (0.1- 4.9)5.0 (1.8-8.2)49.7 (16.3)HDL-C

5.3 (-6.1 to 16.7)1.8 (-7.0 to 10.6)16.0 (4.2-27.9)-11.3 (-26.9 to
4.3)

0.6 (-9.0 to 10.2)-10.7 (-23 to 1.5)98.5 (36)LDL-C

-0.2 (-0.6 to 0.2)0 (-0.2 to 0.2)0.2 (-0.1 to 0.4)-0.3 (-0.8 to 0.3)-0.1 (-0.4 to 0.3)-0.4 (-0.8 to 0.1)3.8 (1.1)TC:HDL ratio

-7.1 (-28.9 to
14.6)

-14.8 (-30.5 to
0.9)

-6.7 (-28.1 to
14.8)

-12.6 (-42.5 to
17.3)

-7.1 (-28.9 to
14.6)

-0.5 (-23.8 to
22.8)

134.5 (61.5)Tri-glyceride

aP<.05 within-group difference.

Diet and Physical Activity Behaviors
DASH score and assessment of leisure-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).

Stress and Mental Health Measures
None of the stress and mental health measures (ie, PHQ-9,
GAD-7, and perceived stress scale) had significant improvement
in the immediate relative to the delayed group at 3 months (see
Table 3). The mean changes in PHQ-9, GAD-7, and perceived
stress scale showed non-significant but consistent tendency of
improvements at 6 months for the immediate 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, a large 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 least
80% of sessions offered. Further, 19% (7/37) of immediate
intervention participants compared to 49% (18/37) of delayed

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 least
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 all 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). Overall
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
participants were either satisfied or extremely satisfied with the
coach facilitators (92.8%, 415/447) and the general 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” as a whole
(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 resultsa.

Satisfied with home activities and materialsSatisfied with the session

Virtual package
(n=444)

Handouts
(n=404)

Video or DVD
(n=436)

Self-monitoring
activities (n=447)

Group dynamics
(n=445)

Coach
(n=447)

Technology
(n=446)

4.1 (0.9)4.2 (0.7)4.2 (0.7)4.1 (0.9)4.1 (0.8)4.4 (0.7)4.1 (0.9)Mean (SD)

Rating (Likert
scale), %

0.50.20.71.10.70.22.0Not at all satis-
fied 1

6.12.51.84.94.30.44.52

15.511.98.915.216.46.513.03

43.75149.838.545.841.042.44

34.234.438.840.332.852.038.1Extremely sat-
isfied 5

aParticipant 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 health-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 crucial
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 population health management
needs of the nation. Rising prevalence 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]. Several recent studies have
demonstrated the potential effectiveness of using digital health

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. In their review, Khaylis
et al identified five key components to efficacious
technology-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 technology-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
interventions for weight loss that incorporate remote intervention
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. This in 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 lifestyle interventions
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 also high, relative to other studies
and interventions [59,60] and especially considering the intensity
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of the intervention. For the 6-month eCMP intervention, 50%
attendance correlates to 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]. Virtual 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” as a whole.
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 more traditional 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 able to participate
without major difficulties, it may be useful in future
interventions to 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 the immediate group at 6 months. Also, a majority
of participants were 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

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

Limitations
Our study has a number of potential limitations. First, logistical
challenges resulted in a change to the study design and primary
endpoint. While this change limited our ability to analyze
differences between groups after completing the intervention,
we were able to assess patterns in trajectory between the two
groups at similar timepoints during the course of treatment.
Other limitations included a possibility of selective response to
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, all 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 health 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 also
emphasized stress management as a key component. The tools
and technology-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: Effective interventions to 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, as well as self-reported context-specific sitting among Flemish employees in a field-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) were willing to wear an activity monitor (activPAL)
from Monday to Friday. The tailored group received an automated Web-based, computer-tailored 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 a wait-list control condition, initially receiving no intervention. Intervention effects were
tested with repeated-measures multivariate analysis of variance.

Results: The tailored intervention was successful in decreasing self-reported total workday sitting (time × group: P<.001),
sitting at work (time × group: P<.001), and leisure time sitting (time × group: P=.03), and in increasing objectively measured
breaks at work (time × group: P=.07); this was not the case in the other conditions. The changes in 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 use in 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/6glPFBLWv)

(J Med Internet Res 2016;18(5):e96)   doi:10.2196/jmir.5266

KEYWORDS

sedentary behavior; computer tailoring; employees; activPAL; sitting time; randomized controlled trial

J Med Internet Res 2016 | vol. 18 | iss. 5 |e96 | p.59http://www.jmir.org/2016/5/e96/
(page number not for citation purposes)

De Cocker et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

mailto:Katrien.DeCocker@ugent.be
http://dx.doi.org/10.2196/jmir.5266
http://www.w3.org/Style/XSL
http://www.renderx.com/


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 is related to adverse health outcomes, independent
of physical activity levels [5,6]. Both the total amount of sitting
and the pattern of sitting (ie, prolonged uninterrupted periods)
are associated with several adverse health effects in adults, such
as obesity, metabolic syndrome, type 2 diabetes mellitus, some
cancers, and all-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 goal 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
effective in 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 workplace 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]. This suggests that workplace intervention studies in 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, alcohol 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

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 several
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
[30]. 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-tailored 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: T0+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 (see the Interventions
subsection below). The generic group received a Web-based
intervention containing 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 selected a convenience sample of 2 companies (a university
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 to inform 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 departments in East Flanders were
selected. Within each company, each department was randomly
assigned to 1 of the 3 conditions. All selected departments were
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in different physical locations and the employees had little
face-to-face contact with one another, reducing the opportunity

for contamination between groups.

Figure 1. Flow chart of a randomized controlled trial of an intervention to reduce and interrupt sitting time at work.

Procedures
A contact person in each department provided the email
addresses of all employees. In October 2014, employees were
invited to participate by email. Employees willing to participate
were asked to reply to the email within 1 week, indicating
whether they wanted to complete the Web-based questionnaires
only or whether they wanted to complete the Web-based
questionnaires and additionally wear an activity monitor. We
sent a reminder 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 Measures subsection below).
After completing the baseline 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 reminders to 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 also attached the monitor itself with this

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 this study [31]. During the 3 full days of data collection,
participants were also requested to complete a day log. On
Friday, the researcher recollected the monitors at the workplace.
These procedures were repeated at the 3 time points (T0, T1,
and T2). The study was conducted between October 2014 and
March 2015.

Interventions

Computer Tailored Intervention
The development of this theory-driven intervention, called Start
to Stand, has been described in detail elsewhere [30]. In brief,
in this Web-based intervention, after completing an assessment
questionnaire, 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
questions 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 time in 5 domains, frequency of interruptions in
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
advice that appeared immediately on the user’s screen. We took
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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
social 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 to improve
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 breaks from
sitting, information on the importance of these breaks for 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 details).

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 behavioral 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
to improve sitting behavior (section 6). For each section, a brief
questionnaire assessed participants’ current sitting behaviors
and related psychosocial correlates (attitudes, self-efficacy,
social support, intentions, and perceived benefits and barriers)
[30]. Throughout the advice, the tailoring constructs were based
on the theory of planned behavior [32], a theory focusing on
the intention (or motivation) to adopt or modify a behavior 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
intentions into specific actions through the specific, measurable,
attainable, relevant, and time-bound (SMART) goals and
implementation intentions [34,38], as goal setting has been
found to be a common and effective intervention technique used
in other health behavioral change programs. The action plan
operates within the self-regulation theory, targeting pre- and
postintentional processes to guide behavioral change [34]. Users
were asked what (increase standing breaks, or replace sitting

by standing, or both) they wanted to do, how long, how often,
when, and how in order to state personally relevant and
attainable goals. Finally, users were able to select precomposed
if-then statements to make an if-then plan. Users were also able
to formulate if-then statements themselves in an open-ended
question 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 Intervention
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 (topics similar to the tailored group). While the
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.

Measures

Web-Based Questionnaire
The questionnaire consisted of several parts, and all questions
were asked at T0, T1, and T2, except for unchangeable variables,
such as height.

Sociodemographics

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 Measures

We assessed the level of sitting time in 5 domains using the
Workforce Sitting Questionnaire (WSQ) [39]. This questionnaire
assessed time spent sitting on a workday and a nonworkday for
the last 7 days while (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 a regular 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 × 35 × 7 mm). This inclinometer,
distinguishing periods of sitting or lying from standing and
assessing breaks from sitting, has been validated (correlation

between activPAL and direct observation: R2=.94) in adults
[43] and was recommended to assess sedentary behavior [43,44].

Participants were requested 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 × 100. We used
similar formulas to calculate percentage of working time spent
standing and number of breaks per working hour. We calculated
average values for T0, 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 hours to 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 scores for walking, and moderate and vigorous
physical activities were computed (number of days × time
duration). Body mass index (BMI) was calculated as weight in

kg divided by height in m2.

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 χ2

tests (for the qualitative variables sex, education, work regimen,

occupational status, and employment duration). We conducted
the same analyses to 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
the intervention, we conducted 3 repeated-measures multivariate
analysis of variance tests with time (T0, 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) × condition (3 levels) effects were
significant, we conducted additional post hoc repeated-measures
analyses, including 2 times points (T0–T1 or T0–T2) and only
2 conditions, to find out where the differences in changes over
time between the conditions occurred. We included the
following covariates in 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 a retained sample analysis
(ie, completer analysis) and an intent-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 were white collar workers, and 69.5% (148/213)
with an employment duration of more than 5 years. Participants
had a mean age of 40.3 (SD 9.1) years, worked on average 8.0
(SD 0.7) hours/day, and had a mean BMI of 23.9 (SD 3.4)

kg/m2. 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. There were no differences
between participants who were willing and those who were not
willing to wear the activity monitor across all variables
(sociodemographic, work-related, health-related, and
self-reported sitting time variables; data not shown).
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Table 1. Baseline characteristics for the 3 study groups.

Group comparisonsControl group
(n=51)

Generic group
(n=84)

Tailored group
(n=78)

Variables

P valueFdfor χ2
df

Sociodemographic variables

.65F2,209=0.4439.3 (9.0)40.7 (9.7)40.5 (8.6)Age in years, mean (SD)

.76χ2
2,212=1.915 (29.4)27 (32.1)25 (32.1)Males, n (%)

.09χ2
2,212=4.846 (90.2)70 (83.3)58 (75.3)High school/university education: n (%)

Work-related variables

.70F2,211=0.368.0 (0.6)8.0 (0.6)8.0 (0.9)Hours at work, mean (SD)

.24χ2
2,212=2.846 (90.2)75 (89.3)74 (96.1)White collar occupational status, n (%)

.72χ2
2,212=0.737 (72.5)56 (66.7)55 (71.4)Employment duration>5 years, n (%)

Health-related variables

.48F2,211=0.7523.7 (3.5)23.6 (3.5)24.2 (3.1)BMIain kg/m2, mean (SD)

.74F2,208=0.3018.6 (19.0)21.1 (21.6)18.8 (28.3)Walking time in minutes/day, mean (SD)

.19F2,208=1.6918.0 (19.0)19.3 (20.1)24.7 (26.9)Moderate-intensity PAbin minutes/day,
mean (SD)

.35F2,209=1.059.9 (15.6)11.6 (15.6)8.4 (11.5)Vigorous-intensity PA in minutes/day,
mean (SD)

aBMI: body mass index.
bPA: physical activity.

At baseline, all 78 participants in 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 Effects on Self-reported Sitting Measures
Table 2 presents the baseline, 1-month, and 3-month follow-up
values of the self-reported sitting for each group. Total workday

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 × group effects.

P valueF dftime×groupT2T1T0Group

Total sitting in minutes/day, mean (SD)

<.001***T0–T1–T2: F4,128=5.65Total workday sitting

.24T0–T1: F2,149=1.45425 (110)480 (128)507 (104)Tailored (n=36)

<.001***T0–T2: F2,128=8.47437 (95)444 (105)457 (107)Generic (n=64)

469 (92)434 (131)449 (126)Control (n=28)

.31T0–T1–T2: F4,128=1.20Total nonworkday sitting

.54T0–T1: F2,149=0.63132 (70)139 (69)141 (70)Tailored (n=36)

.32T0–T2: F2,128=1.15141 (77)131 (67)130 (63)Generic (n=64)

134 (55)117 (47)123 (58)Control (n=28)

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

<.001***T0–T1–T2: F4,118=6.72Sitting at worka

<.001***T0–T1: F2,138=12.5259 (88)279 (92)338 (107)Tailored (n=33)

<.001***T0–T2: F2,119=10.09280 (69)279 (64)288 (59)Generic (n=61)

288 (48)280 (50)281 (65)Control (n=24)

.77T0–T1–T2: F4,118=0.45Sitting during transportb

.63T0–T1: F2,138=0.4758 (49)103 (124)78 (84)Tailored (n=33)

.98T0–T2: F2,119=0.0148 (31)60 (67)66 (79)Generic (n=61)

62 (62)74 (88)81 (106)Control (n=24)

.23T0–T1–T2: F4,118=1.31Television viewingb

.29T0–T1: F2,138=1.24 0.29106 (61)104 (56)100 (57)Tailored (n=33)

.29T0–T2: F2,119=1.24102 (68)92 (67)95 (62)Generic (n=61)

82 (61)79 (68)91 (68)Control (n=24)

.20T0–T1–T2: F4,118=1.51Personal computer useb

.82T0–T1: F2,138=0.2047 (29)53 (47)50 (46)Tailored (n=33)

.26T0–T2: F2,119=1.3551 (39)52 (44)51 (40)Generic (n=61)

69 (65)59 (71)58 (62)Control (n=24)

.12T0–T1–T2: F4,118=1.86Other leisure time sittingb

.19T0–T1: F2,138=1.6875 (32)90 (44)101 (42)Tailored (n=33)

.03*T0–T2: F2,119=3.6497 (46)98 (61)99 (61)Generic (n=61)

102 (64)96 (43)95 (48)Control (n=24)

aAverage on workday.
bAverage of workday and nonworkday.
* P<.05; *** P<.001.

Analyses of the domain-specific sitting data showed that changes
over time in sitting at work and other leisure time 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 (T0–T1: P<.001,
T0–T2: P<.001) and the control group (T0–T1: P=.001, T0–T2:
P=.001). The changes over time did not differ significantly
between the generic group and the control group (T0–T1: P=.48,
T0–T2: P=.26). There was also a decrease in other leisure time

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
changes over time in sitting during transport, television viewing,
and computer use did not differ significantly between the 3
groups (see Table 2).
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Intervention Effects on the Objectively Measured
Variables
Table 3 gives an overview of the sedentary behavior measures
derived from the activPAL at baseline, and 1-month and
3-month follow-ups for each group. The changes over time in

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 × group
effects.

P valueF dftime x groupT2T1T0Group

.69T0–T1–T2: F4,75=0.56Total sitting time awake in hours/day, mean (SD)

.60T0–T1: F2,80=0.52607 (117)600 (91)576 (109)Tailored (n=35)

.35T0–T2: F2,79=1.06576 (109)574 (103)578 (101)Generic (n=35)

623 (100)616 (115)605 (96)Control (n=23)

.93T0–T1–T2: F4,75= F4,75=0.22Sitting at work in % work hours, mean (SD)

.76T0–T1: F2,80=0.2869.0 (13.7)71.7 (14.0)66.8 (15.5)Tailored (n=35)

.89T0–T2: F2,79=0.1268.8 (15.1)71.2 (15.1)69.0 (13.8)Generic (n=35)

74.8 (13.5)78.3 (11.1)74.3 (15.5)Control (n=23)

.98T0–T1–T2: F4,75=0.10Standing at work in % work hours, mean (SD)

.95T0–T1: F2,80=0.0523.6 (11.7)22.2 (9.0)24.7 (13.5)Tailored (n=35)

.90T0–T2: F2,79=0.1124.3 (14.4)22.7 (15.4)24.4 (11.3)Generic (n=35)

17.8 (9.0)17.1 (7.9)16.3 (9.3)Control (n=23)

.09*T0–T1–T2: F4,75=2.54Breaks at work in no/work hour, mean (SD)

.40T0–T1: F2,80=0.724.3 (1.6)3.7 (1.3)3.8 (1.5)Tailored (n=35)

.11T0–T2: F2,79=2.403.5 (1.3)3.6 (1.4)3.6 (1.3)Generic (n=35)

3.3 (1.6)3.2 (1.4)3.0 (1.4)Control (n=23)

* P<.10

Discussion

To our knowledge, this is the 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,
which is in contrast to behavioral change interventions targeting
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

the objective measures, as no effect was found on
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. The review of Prince et al [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-related 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 accelerometers, 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 data were
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 a field-based study, objective data should ideally
have been available for all participants, as the observed
statistical power was low to find differences between groups in
total sitting and in sitting at work (observed power ranged from
.12 to .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 sitting 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 a meta-analysis
of 34 lifestyle intervention studies (including 8 workplace
interventions) having sedentary behavior as an outcome,
showing an overall reduction in sedentary time by mean
differences of -22 minutes/day in favor of the intervention 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 interventions aimed 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 health outcomes. Still, 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 breaks in an 8-hour workday, an increase
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
clinical 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

experimental group compared with a control group. Given that
we found an increase in breaks in our study, we can assume that
this computer-tailored 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, leisure time 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, as the
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 a workplace intervention
in which employees used a sit-stand workstation for 4 weeks.
The authors argued that a reduction in television viewing time
would be a welcome 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. The first 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
a strength, as self-reported measures can have recall and social
desirability biases. However, as stated earlier, the first 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 a compliance point
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of view, we believed it was better to provide a monitor only to
those willing 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
a mean 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 workplace intervention study using only 1 mailing
to recruit (response rate 20%) [61]. The study of Waters et al
[60] showed that response rates in 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. This is in line with other workplace
physical activity interventions in which participants were found
to be younger, more educated, and healthier than nonparticipants
[60]. 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 months resulted in a significant reduction in sedentary
time (-48 minutes/day) in favor of the intervention group,

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 psychosocial 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, this is the first 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 is well 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, there is a need to change both behaviors. Self-monitoring of behavior is one 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: The aim of this study is to 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 also performed through to October 1, 2015.

Results: The initial 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 technologies were included in this review (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, a number of technologies were found via Internet searches that matched
the criteria for 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 a large 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):e90)   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 all 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 as type 2 diabetes, cardiovascular 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 the risk of developing chronic
diseases [4,5]. There is also mounting evidence that 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 also be important, with
frequent breaks in sedentary behavior associated with a healthier
metabolic profile [7]. This has necessitated a paradigm shift
that focuses on both the accumulation of MVPA (the traditional
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
goals or outcomes” [10] and has a strong 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 proposes that self-monitoring of behavior, setting goals,
receiving feedback, and reviewing relevant goals with feedback
work synergistically and are central to self-management and
behavioral control [11,12]. Self-monitoring, therefore, can
increase an individual’s personal 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 a variety 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
pedometers increased their PA by 26.9% from baseline activity
levels [15]. Subsequently, advances in technology have led to

a proliferation 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 methods and
may improve adherence to self-monitoring resulting in greater
achievement toward behavioral goals [16].

This increased availability of electronic self-monitoring devices
provides an opportunity for researchers to utilize these novel
technologies as an aid for behavior change in PA and sedentary
behavior on a large scale. Furthermore, wearable technologies
are increasingly integrating health care systems. Recent reports
from the National Information Board in a review of the National
Health Service in the United Kingdom indicate the need for
“citizens” to start playing a more active role in their health care
by accessing, entering, and uploading data into their own online
medical record. Under these new plans, citizens will be able to
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 providers in the United States move to a value-based care
system (ie, “reward points” for positive lifestyle alterations that
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 MVPA) will continue to grow and have the potential
to be an integral piece of future health care systems. In light of
this, a review of the current tools 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

Searches
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, tools were deemed to measure
sedentary time if they could measure the wearer’s sitting and/or
reclining posture.

Scopus, Medline, Web of Science, and the Institute of Electrical
and Electronic Engineers (IEEE) 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 reference lists of primary studies were screened.
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Internet Search Engines
Because of the rapid release of technology in the consumer
electronic area, a grey literature search of relevant websites was
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
as the database searches were used to search the Internet engines
Google, Bing, and Yahoo. Searches were extracted for later
review using a specialized browser plug-in. The first 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, this was 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.

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 allow 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 (YPA); (2) yes, self-monitors PA and physical
inactivity, such as self-monitoring and feedback on lack of
movement (YPI); and (3) yes, self-monitors sedentary time (YST).

The different attributes of the self-monitoring devices were
based on Control Theory [11]; specifically, the ability to receive
feedback (defined as the provision of informative and actionable
insights on the performance of the behavior) and the ability to
set goals (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 potentially via push
notifications). Also included was the timing of the feedback (ie,
immediate or delayed). Other features included the way in which
the data were portrayed (eg, numeric data/graphical
representation of the data). The platform pervasiveness was also
included (ie, number of different devices/operating systems the
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 as the 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.

Auditory: feedback on behavior provided verbally from device (eg, via Sensoria voice-over feedback regarding ground contact from smartphone/smart
MP3)

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

Omnipresent: feedback that is visible all the time, usually in the form of a progression bar that changes with advancement toward predetermined goals
(eg, Fitbit Flower)

Push notification: the delivery of information regarding behavioral goals from a software app to a computing device without a specific request from
the user

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)

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

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

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

Website: can the data/feedback be viewed on a website?

Goal-setting capability: can predetermined goals be set by the user?

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

Each device was given a score between 1 and 6 for each attribute
of behavior change. This score was used to describe two 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 development
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 searches identified 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.

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

3. Health 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: articles were 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 were further removed
because there was no evidence that they were designed for, had
been used in, or could readily be modified for real-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 /
s e l f - m o n i t o r e d  PA ,  o f  w h i c h  1 6
[43,45,55,56,58,62-66,81,86,90,91,94,103,107-109] provided
some measure of physical inactivity (see Multimedia Appendix
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.

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
was the Microsoft Band [77] with 18 of 28 feedback possibilities
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 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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Figure 3. The proportion of devices that could be used to self-monitor and provided feedback on physical activity with specific self-monitoring attributes.

Sedentary Time Self-Monitoring 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
attributes was the Lumo Back posture sensor and feedback coach

[17] with 13 of 28 feedback possibilities 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. Technologies found that could be used to self-monitor and provided feedback on sedentary time ordered by number of feedback elements in
the technologies.

Figure 5. The proportion of devices that could be used to self-monitor and provided feedback on sedentary time with specific self-monitoring attributes.
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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 devices can
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
decreases in sedentary time [120]. Additionally, more and more
of these devices are providing feedback on not only the amount
of PA, but also the length of time spent inactive.

There are devices from both the commercial 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 technologies tend to measure sedentary time is via pressure
sensors. These pressure sensors are either located in a sock,
shoe, or chair. When placed in a sock or shoe, the pressure can
determine standing when there is pressure on the sensor and
when there is less pressure the wearer is sitting or lying. Located
on a chair, there is a simple binary outcome: when the pressure
sensor is active the user is sitting and when it is inactive there
is no 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 usually takes the form of
time spent sitting (eg, LumoBack) These mobile apps allow 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 specifically designed to measure sitting time.
Furthermore, the small number of devices that do provide
feedback on sitting were not either originally designed for its

measurement (eg, LumoBack) or are still primarily research
tools to be used in scientific study (eg, ActivPAL VT).

Self-monitoring technologies 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 a low cognitive load so that it can resonate
immediately with the end user [121,122]. For example, the Fitbit
one has a growing flower as a feedback 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 a mobile
app, website, or software. Furthermore, the likelihood of the
feedback being acted upon could be increased if it is provided
in a manner that is context aware. In other words, the feedback
must be given at a time 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 a substantial battery life and memory
capacity at a reasonable cost. For this to occur, there is a need
for cooperative work across different research disciplines and
commercial fields to develop these context-aware, personalized
feedback devices.

Not every user will have the same needs and the presentation
of actionable information will need to be tailored to fit individual
needs. In addition, simply providing more medical data to
patients not only fails to 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 tools to
encourage medication adherence in older adults, a major area
of focus of mHealth developers, 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 a dietary 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 able to 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 the rapid propagation of innovative technologies, the existence
of potential scams that could harm the end user dictates the 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 countries that have no regulatory framework, whereas
the other countries that do have a framework are still in their
infancy and being actively refined [129,130].

Wearable 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 personal data, most
especially medical data, be unmistakably stated—not buried in
the commonly unread and then accepted terms of use
agreements—with users required to explicitly consent whenever
their data are sold or transmitted to others [131].

One of the benefits of mHealth is easier accessibility to pertinent
health care data, but this increased 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.

As consumer demand for wearable sensor increases, health care
providers will face the possibility of being inundated by a flood
of patient data. This will create a number of difficult challenges,
including the potential requirement for 24/7 oversight, the need
to summarize multiparameter, continuously collected data into
a usable and clinically meaningful format [132].

The strengths of this review are the systematic approach taken
and the comprehensive range of technologies found. However,
there are some limitations. Due to the nature of articles included,
it was not possible to 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 as to whether these devices truly work as self-monitors;
consequently, we cannot comment on how useful or valid they

are in these settings. However, validity data are important. 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 this review is the first 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 there is a greater need for the development
of tools that 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
Service in the United Kingdom.

This scoping review provides a record 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 a foundation 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: Fitbit Charge HR, Garmin Vivofit, Jawbone Up, Nike Fuelband SE,
Lumo Back Posture Sensor, and a mobile app.
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MVPA: moderate-to-vigorous physical activity
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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 is a matter of urgency to develop automated diet assessment tools. The recent availability
of mobile phones with enhanced capabilities, together with the advances in computer vision, have permitted the development of
image analysis apps for the automated assessment of meals. GoCARB is a mobile phone-based system designed to support
individuals with type 1 diabetes during daily carbohydrate estimation. In a typical scenario, the user places a reference card next
to the dish and acquires two images using a mobile 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 GoCARB prototype when used by individuals with
type 1 diabetes and to compare it to their own performance in 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, a total of six meals of broad diversity were taken from
the hospital’s restaurant and presented to the participants. The food items were weighed on a standard 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: This study indicates that 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 a well-accepted supportive mHealth tool for the assessment of served-on-a-plate meals.

(J Med Internet Res 2016;18(5):e101)   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) is high and is still rising globally, fuelled by the global
rise in the prevalence of obesity and unhealthy lifestyles. The
latest estimates show a global 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 billion 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 tasks in the everyday life of individuals
with diabetes. Counting the carbohydrate content of meals to
be consumed is a 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 approaches to record food

intake and nutrition [11]. These systems use different
devices—mostly mobile phones, followed by personal
computers, and, in older studies, personal 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 majority 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
workers located at a remote 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
are then remotely transferred to a trained 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 a meal’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 a remotely located
human component. The recent advances in computer vision and
the widespread use of mobile phones with 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 algorithmic 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 tables without 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 developed within the Technology-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 a single image 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,
especially 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 meal and
segments/recognizes food items by visually matching them to
a database. The volume is estimated by sparsely reconstructing
its 3D shape and fitting an appropriate model. However, critical
system characteristics, such as the 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 the food items
will introduce large errors as does any misplacement of the
thumb.

GoCARB is a novel system for carbohydrate estimation
designed for individuals with type 1 diabetes and aims to achieve
carbohydrate estimation with an error less than 20 grams per
meal. In a previous 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 is to 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
GoCARB is a novel system that aims to support individuals
with type 1 diabetes in 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 results is presented in Figure 1, whereas the
corresponding flowchart is shown in Figure 2. For each
estimation, the user places a reference card next to the meal and
acquires two images using the camera of the mobile phone. The
images are acquired at 0±3 degrees and at 15±3 degrees from

the vertical axis crossing the center of the dish, respectively. A
graphical user interface supports the user in choosing the optimal
angles for each image based on the built-in motion sensors of
the mobile phone; the user is only allowed to take the picture
when the frame turns green (Figure 3 a-b). 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, the images 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.

The first step in the series is to detect the dish and automatically
segment the different food items in it [22] (Figure 3 c). The dish
is detected by extracting the edges of the image and applying
a robust 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 size is reached.
The accuracy of this module is over 88% and, if it fails, an
interactive segmentation tool can be used, which is reliable even
for the most difficult cases. To this end, the user has to 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
features fed to a support vector machine. Nine broad food classes
are considered; namely, pasta, potatoes, meat, breaded (eg,
schnitzel), rice, green salad/vegetables, mashed potatoes, carrots,
and beans. The accuracy of this automatic recognition is over
85%. If the result is wrong, the user may correct the system by
choosing the right food class from an ordered list in accordance
with the confidence of the classifier (Figure 3 e). 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 the images in space. Using this information, 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 each item is 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 f). More detailed information on technical
specifications can be found elsewhere [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, (e) the result
of the recognition with the option of manual correction, and (f) the results screen displayed to the user.

Study Setup
Nineteen adult individuals receiving 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 days during July and August 2014. The GoCARB system
was preinstalled on two types of mobile phones, Samsung
Galaxy S4 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
in three sizes (small, normal, and large), resulting in six different

dishes per day and 60 dishes in total. Each dish contained three
food items that 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, a total of 114 (19×6) estimations were
made even though there were 60 unique dishes. Before using
the app, every participant received short training and a detailed
written user manual. At the end of each session, a questionnaire
was completed to assess the user’s experience with GoCARB.
The questionnaire was a combination of closed and open
questions and was used to gather information about the
satisfaction and perceived usefulness 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) years and
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

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 all,” “do not agree,” “neutral,”
“agree,” to “agree strongly” for general GoCARB usability and
from “very bad,” “bad,” “neutral,” “good,” to “very good” for
the performance of automatic and interactive GoCARB features.

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

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,
less than the initial target of 20 grams. This improvement 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 GoCARB.

Absolute errors <20 grams, n
(%)

Absolute percentage error (%), mean
(SD)

Absolute error (grams), mean (SD)All participants

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

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

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

self-assessment, the error distribution was broad with outliers
up to 200 grams of carbohydrate. In the case of GoCARB, the
errors were 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 almost 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 grams to +20 grams, whereas with GoCARB the estimations
were in the required range in 80.7% (92/114) of the cases. The

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 was identified
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 values,
the use of GoCARB resulted in significantly better performances
( P=.01).

Table 2. Performance of participants in carbohydrate estimation with and without GoCARB after excluding one participant with extreme errors (n=18).

Absolute errors <20 grams, n
(%)

Absolute percentage error (%), mean
(SD)

Absolute error (grams), mean (SD)Excluding extremely bad estimator

67/108 (62.0)34.3 (24.3)17.81 (14.94)Without GoCARB

86/108 (79.6)26.9 (18.9)12.75 (9.84)With GoCARB

Figure 5. Distribution of the absolute errors in 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.

Influence of Meal Size on Accuracy
For each meal, three different meal sizes were presented to the
user. With larger meals, 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
meals, the error exhibited less variation across the 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 Interactive 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, while the 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 a dish 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.

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 was easy to use (Figure 7). Furthermore, 90% (17/19)
of participants would have liked to use GoCARB on a regular
basis and 68% (13/19) thought GoCARB 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 related 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.

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 all
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 GoCARB (27.89
grams of carbohydrate). If it is considered that an absolute error
of 20 grams or more gives a significant increase in risk of hyper-
or hypoglycemia, GoCARB 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
consensus that 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 a wide 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
remains significant. Whether it is reasonable to include outliers
in our statistical analysis greatly depends on the point of view.

Although statistical analysis permits outlier exclusion, clinical
reasoning and experience supports their inclusion, especially
because everyday clinical life shows that extremes are possible
and might even be the accidental starting point of glycemic
decompensation, in extremis leading to hospitalization or death.
Undoubtedly, these diabetics with weak estimation skills would
benefit the most. Nevertheless, even after excluding this
participant, the difference in accuracy between the conventional
methods and GoCARB remains statistically significant ( P=.01).

Comparison With Previous Work
There have been several systems proposed using single/multiple
food images or videos to recognize food items and calculate 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 believe that
a thorough scientific evaluation and an appropriate framework
for mobile medical app development and evaluation are of the
utmost importance. Only a few commercially available medical
apps undergo in-depth scientific evaluation and there is virtually
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
This is a preclinical 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 groups found in real life, but only studies with 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). The rest 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 a person’s
postprandial glycemia. Moreover, the type of carbohydrate also
affects the postprandial response, apart from its amount. 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, this is reflected in the glycemic index of foods and is an
established method to compare the physiological postprandial
glucose responses to different types of carbohydrate-containing
foods [30]. Essential components of a system such as GoCARB
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 data for many food
items is still 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
components will 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

cultures and eating habits. Integration of a barcode reader would
be easily feasible technically and would allow 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 oil vs sunflower oil).

Although GoCARB aims to support individuals with type 1
diabetes, the system might be extended so that it not only
displays carbohydrates, but also 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 conditions related 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 as the 24-hour food recall method, food intake
questionnaires, or a paperback food diary, are difficult to apply,
are time consuming, and are known to be consistently inaccurate.

Conclusion
In this study, we have presented the evaluation of a novel mobile
phone-based system to estimate the carbohydrate content of a
meal on a plate using computer vision. The GoCARB system
proves to be a reliable 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 GoCARB could be used as input to
a bolus calculator that will also 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. International clinical guidelines on the majority of long-term conditions recommend the
inclusion of self-management programs in routine management. Self-management programs have been associated with improved
health outcomes; however, the successful and sustainable transfer of research programs into clinical practice has been inconsistent.
Recent developments in mobile technology, such as mobile phone and tablet computer apps, could help in developing a platform
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 mobile 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,
as well as the gray literature. We then checked the reference lists of all primary studies and review papers for 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 studies included multiple intervention groups using permutations of an intervention
involving an app. The duration of the intervention ranged from 6 weeks to 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 apps in 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):e97)   doi:10.2196/jmir.4883

KEYWORDS

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
health is vital. Several barriers have been identified in the ability
of the individual and health care providers to work together to
promote self-management [2]. Having access to timely
information, assessment, and treatment 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 populations, but with the ability
to also 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]. Close to 55% of British
adults claim to own a mobile phone [8] and over a third 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 a tablet computer [11].
Worldwide, just under 17% of the 6 billion mobile subscriptions
are mobile phone subscriptions [12]. As retail prices decline,
ownership of these devices is likely to continue to increase [8]
in high-income and low- and middle-income countries.

Mobile apps are increasingly used in managing various tasks
in daily life. More than 900,000 apps are available in 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-related apps.

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

and deliver them at a population level. Self-management
interventions could be offered within software extensions that
users add to their devices, popularized under the term apps [13].

Methods

Overview
We undertook a systematic review of apps used to facilitate
self-management of long-term conditions with 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
markers and symptoms. Apps are optional add-ons to the device
that interact with users through a set of interfaces (eg, a visual
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
interventions that 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 JMIR journals and Telemedicine Journal and
e-Health as the key publications for this area of research. We
examined the reference lists of all papers included in the review
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
health 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).

1. Pulmonary disease, chronic obstructive

2. asthma

3. Acute coronary syndrome

4. Blood glucose

5. Blood pressure

6. Coronary Disease

7. Cardiovascular diseases

8. Diabetes mellitus

9. Forced expiratory volume (FEV)

10. Hemoglobin A, glycosylated

11. Hypertension

12. Computers, Handheld

13. Peak expiratory flow rate

14. Cell Phones

15. MP3-Player

16. Telemedicine

17. Or/1-16

18. Limit 17 to yr=2005-Current

Inclusion and Exclusion Criteria
We included original research published in peer reviewed
journals that evaluated self-management apps for their effect
on disease-specific clinical outcomes. The focus on
disease-specific clinical measures such as glycated hemoglobin
(HbA1c) or blood pressure was chosen because improved clinical
outcomes are the ultimate goal (in terms of quality-adjusted life
years, disease burden, and health 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 self-management interventions
delivered via traditional methods (eg, paper-based diaries) or
usual care.

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

self-management-related activities [3,19]), (3) the sample did
not include people living with diabetes, cardiovascular 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 as a transmitter 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 portable,
they are not accessible at all times regardless of location. In
addition, we excluded review papers, editorials, commentaries,
dissertations, poster presentations, abstracts only, proposals for
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]).

• Accept the condition as a long-term disease amenable to intervention

• Have knowledge about the disease and its treatment

• Actively participate in the control and management of the disease

• Identify factors that make the condition worse

• Be able to describe strategies for avoidance or reduction of exacerbating factors

• Recognize the signs and symptoms of deterioration in health

• Follow a prescribed, written treatment plan

• Use correct technique for taking drugs

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

• Use medical resources appropriately for routine and acute care

• Monitor symptoms and objective measures of disease control

• Identify barriers to adherence to the treatment plan

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

Data Extraction and Analysis
We initially screened publications for potential inclusion based
on simultaneous review of title and abstract by 2 reviewers.
Any discrepancies were resolved by consensus between the
reviewers with 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 bias for all
included studies using the Cochrane Collaboration’s tool for
assessing the risk of bias in RCTs [20]. The 2 reviewer authors
independently assigned each domain of the Cochrane
Collaboration’s tool of each individual 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 data and 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

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 area in which all studies were assigned a rating
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.

Study Characteristics
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, 3 included multiple intervention groups
using permutations of an intervention involving an app.
Charpentier et al [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 al [23] ran 3 intervention
groups, all involving the patient using an app but with varying
degrees of information generated by the app sent to clinicians.
Holmen et al [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 weeks to 1 year, and final follow-up

data ranged from 3 months to 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 interventions related 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 (HbA1c) were reported in 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
apps for 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 parameters were
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).

Total nNo significant effect, nSignificant effect, nLong-term condition addressed

202Diabetes mellitus type 1

312Diabetes mellitus type 2

110Cardiovascular disease

312Chronic lung diseases

936Total clinical outcome studies

Participants
The average age of participants in the studies ranged 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 a focus in any study, and none of the studies excluded older
people specifically. Holmen et al [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 HbA1clevels
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 the target
user group was often the impetus for the development of the
app tool or mHealth approach, citing the potential for reduced
travel to a medical 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 tools used 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 across the
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.

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 a significant change in 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 the latter 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]. The impact of this is difficult
to quantify. In 2 studies [22,24], sharing data was by the
patient’s choice, and the number of patients who chose to do
so was not reported. In a study involving 2 intervention groups,
the effectiveness of the app-only intervention was significant,
although the effect size for the app-only intervention group was
not as big as that of the intervention group involving an app and
teleconsultations [22].

Another study [24] demonstrated an improvement in HbA1cin
all 3 groups (a control and 2 intervention groups), although the
improvement was not significant for any group. Interestingly,
HbA1cdecreased 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 data with
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 HbA1cnoted for all 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 Mechanisms
Only 3 studies [22,27,28] reported an inbuilt safety mechanism
for the app intervention, whereby a reading outside of the normal
range and considered aberrant enough according to the inbuilt
logarithm would trigger an alert. In 1 study [28], the alert 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 alerts [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 a result 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. This ranged 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
technology before they were included in the study [27]. Training
was mentioned by another study [26] but the nature of this was
unclear. In 4 studies participants were offered ongoing
technological support, if required, by telephone [24,27-29].

Technological Issues
Few technological issues were reported. Of the studies, 7
required participants to enter the data generated by the study
equipment into the app (or via the website) and 2 used a wireless
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
overseas incurred high mobile costs that 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 the intervention. The attrition rates ranged from

8.75% [22] to 26% [25]. Most studies reported 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 the intervention 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 groups was 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
the frequency of input was too 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 initially
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 HbA1c. 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 the intervention 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 participants in 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 the intervention 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 the intervention 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 a meal.

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
usual 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 this was the 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 difference in 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 studies ran 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 plus feedback 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 alone. In interventions that involved additional
clinician input, only 1 study standardized the enhanced clinical
input across the 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 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,
usual-care clinical settings, although 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
in line with best practice with 3-month follow-up appointments,
this was likely an improvement 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
is less 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 a greater gap in time between contact noted mixed results.
However, interventions without additional clinical input between
usual 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 users would be desirable in terms of promoting
partnership in care, although, again, how important this is in
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 available has important ethical and legal issues
for both research and clinical practice. The market has low entry
barriers, and ease of accessibility for users through mobile
phones and tablets makes this an attractive area for both private
and professional areas of application. In health care, when
mobile smart devices are used in combination with add-ons that
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 as to the level 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, it is vital that the functionality be thoroughly tested with
respect to the potential for miscalculations, erroneous or
incomplete content, technical deficiencies, and other usage
restrictions. In addition, assessing the validity of the information
and advice regarding symptom management is vital, as well as
safety mechanisms relating to when to seek urgent medical
advice and support.

The issue of adherence over time was reported by some studies
in the review and was found 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 a study and beyond into everyday
life is a major consideration and highly likely to affect long-term
symptom control. There is a growing understanding of barriers
to adherence and ways to overcome them. The development of
mAdherence tools to explore barriers to maintaining engagement
is growing and will be important in the development of mHealth

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 development 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 patients who are less inclined to use traditional health
services, mHealth tools offers a way to address barriers to care
and reduce health disparities. It is important that future studies
specifically build on these areas and reduce the risk of
generating a range of interventions largely unused by those who
could benefit the most.

Few of the studies we reviewed discussed the issue of cost. The
majority of the studies provided the devices to 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 analyses will be
necessary to demonstrate not only the health impact, but also
the value of investing in these innovations.

In addition to cost barriers, other potential 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
HbA1c, management of healthy eating, physical activity, and
adherence to medication are all important, yet we know little
about how we can support and effectively motivate a person in
all 3 areas through an app. This again points to the need in future
research for the involvement of users as part of the team when
developing interventions.

Limitations
There are limitations to this systematic review. A meta-analysis
was not possible due to the heterogeneity of the study designs.
We did 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 assessing both clinical and self-management
outcomes, and by contributing to the emerging literature
regarding mHealth feasibility, usability, and acceptability.

Conclusion
The use of apps in mHealth has the potential to improve health
outcomes among those living with chronic diseases through
enhanced symptom control. Further evaluation of apps used in
mHealth, and more widely in eHealth, will be valuable. Research
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that involves populations traditionally marginalized and research
into how these tools can help to overcome barriers to chronic
disease management will be especially relevant. 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.
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Abstract

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

Objective: Our objectives were to 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 a mobile
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 a focus 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, a rapidly 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 a lower
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 SMS 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 willingness to receive health-related SMS, mHealth 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 Internet access, email-based programs had a more limited reach for health promotion programs. These findings emphasize
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the different reach of interventions using SMS or email versus traditional mass media, according to demographic and socioeconomic
categories, for health education programs in a developing country.

(J Med Internet Res 2016;18(5):e114)   doi:10.2196/jmir.5592

KEYWORDS

digital divide; mHealth; eHealth; mass media; mobile phone; noncommunicable 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 a wide audience reach, an easily augmentable frequency
of delivery, a high degree of control over content, and a
relatively low cost per person exposed [5]. On the other hand,
limitations include difficulties in capturing audiences’attention
in an increasingly cluttered media environment, the 1-way flow
of information from providers to consumers, and a limited ability
to offer target-specific messages to pre-identified audiences [6].

To outweigh some of the limitations of health education
programs based on traditional mass media, a growing number
of SMS or email-based (mHealth) interventions have been used
in both developed and developing countries. The steady rise in
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 data from the International Telecommunication Union
[9], Figure 1 highlights the growth of mobile phone

subscriptions in 48 upper middle-income countries. Figure 1
illustrates that the rate of mobile subscriptions per 100
inhabitants in 50% of upper middle-income countries increased
more than 20-fold between 2000 and 2014. The Seychelles—our
study site—consistently ranked in the top 25th percentile of
upper middle-income countries throughout 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 as increased 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,
disease tracking, and medical response in emergency situations
[7,14-18].

SMS- or email-based programs offer several advantages over
traditional mass media for health 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, goal setting, encouragement,
or personal 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 his or 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 SMS-based interventions
is required to design effective public health interventions using
mobile technology.

A major constraint in the success of any mHealth initiative is
its ability to reach the target population, as well as its adoption,
acceptance, and utility from the users’ perspective [20,30].
Numerous studies have highlighted the potential inequity in
access to technology-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 a few of the many determinants of this digital 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 services to remote areas [24,27-29,34-37].

To date, mHealth interventions in Africa have mostly focused
on human immunodeficiency virus/AIDS, 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, mainly aimed at improving
patient-provider communication [17]. Recent studies have
highlighted the benefits of mHealth interventions for cancer
care in rural Cameroon [34], Zambia [35], and Nigeria [36] and
diabetes care in Western Kenya [37]. However, a continued

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.

Despite the overall rise in mobile penetration in developing
countries, it is important to assess the penetration of mobile
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 mobile phones, smartphones, tablets,
or computers and Internet access, and 3) willingness of
individuals to receive emails or SMS related to information on
NCDs, with a focus on the distribution of these variables across
different demographic, SES, and NCD risk groups.

Figure 1. Mobile phone subscriptions per 100 inhabitants in percentiles for 48 upper middle-income countries between 2000 and 2014.

Methods

We conducted a nationally representative survey (Seychelles
Heart Study IV) in 2013–2014 in the Republic of Seychelles,
a rapidly developing small island state in 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 Seychelles following a technical and ethical review [38,39].
The eligible 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

(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 plasma glucose
>6.1 mmol/L or taking antidiabetic medication. Persons at risk
of developing NCD included those who were smoking, drank
excessive amounts of alcohol, 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 electronic devices, access
to and use of the Internet, and willingness to receive
health-related emails and SMS), adjusting for age, sex, and SES.
Estimates for crude and adjusted odds ratios were not markedly
different and therefore we show only adjusted estimates.
Analyses 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 alcohol 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.

Mobile Technology Ownership
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 all 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
access with a personal computer or tablet. The social patterning
of these outcomes was generally comparable with 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.

Exposure to Health Programs on 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

broadcasting company). It is important to note that, in our
sample of 1240 adults, 1234 (99.51%) owned a television 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.

Willingness to Receive Health Massages by SMS or
Email
The last 2 columns of Table 3 present willingness to receive
health-related SMS or email messages. For self-reported
willingness to receive health-related 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 55–64 (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 same time, willingness to 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 examines the proportion of those with NCD risk factors
with the likelihood of exposure to NCD-related health programs
on national public media and willingness to receive SMS or
emails related to health, when unadjusted and adjusted for age,
sex, and SES, in addition to all NCD variables. Univariate
analysis showed a higher proportion of those with hypertension
and diabetes having watched television or radio programs on
health in the past 12 months. However, these differences are no
longer significant in a multivariate model when adjusted for
SES variables. Findings were similar for willingness to receive
health-related SMS 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 alcohol 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).

%No.Population characteristics

Sociodemographic variables

Sex

50.11621Male

49.98620Female

Age (years)

28.6835625–34

29.3536235–44

26.3632745–54

15.8519755–64

Education

7.3791Did not complete obliga-
tory

45.16560Completed obligatory

14.02174Vocational

27.76344Polytechnic

5.7772University

Annual income (Seychelles rupees)

8.52106<3000

25.173123000–5000

35.534415000–8000

22.592808000–15,000

8.20102≥15,000

Occupation

20.46254Nonqualified laborer

28.28351Semiqualified manual

15.57193Qualified manual

20.64256Semiqualified nonmanual

18.05224Qualified professional

Clinical variables

Body mass index (kg/m 2 )

34.82432<25 (normal weight)

34.2242425–30 (overweight)

30.10373≥30 (obese)

Physical activity

23.16287Sedentary

62.90780Moderate

13.95173Active

Alcohol consumption

42.22524None

32.37401Moderate

25.41315Heavy

Smoking status
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%No.Population characteristics

20.60255Current smoker

9.57119Ex-smoker

69.84866Never smoked

Hypertension

40.10497Negative

59.90743Positive

Elevated blood sugar

78.66975Negative

21.36265Positive
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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).

Has access to Internet
with personal comput-
er or tablet

Owns a personal
tablet or computer

Has access to Internet
with smartphone

Owns a smartphoneOwns a mobile phonePopulation characteristics

aOR%aOR%aOR%aOR%aORb%

38.554.319.731.993.2Total

Sex

138.4151.7118.0128.9190.4Male

1.0938.61.5256.91.4921.41.4434.96.81 c96.1Female

.94.08.17.03<.001P value

Age (years)

147.8163.6133.7151.8196.625–34

0.7442.40.9362.00.4318.50.4030.80.7296.535–44

0.6035.10.5949.50.3313.30.3424.80.6193.645–54

0.3820.10.3731.30.227.100.159.900.2780.355–64

<.001<.001<.001<.001<.001P value

Education

110.1117.414.7016.10169.4Did not complete obligatory

0.8720.11.3138.11.0210.001.8419.81.9891.8Obligatory

1.8230.12.6658.82.4828.73.8543.92.5495.9Vocational

2.8265.33.4580.02.0328.33.1745.88.6599.2Polytechnic

5.6487.66.5194.55.5351.57.4263.97.7099.1University

<.001<.001<.001<.001<.001P value

Annual income (Seychelles rupees)

115.7130.714.1019.50174.3<3000

0.6120.00.6937.02.1416.31.8726.72.6290.83000–5000

0.8934.50.8650.41.9317.01.9530.45.4595.15000–8000

1.4559.71.5775.02.6828.32.5545.17.3298.08000–15,000

3.0777.96.1492.13.4534.21.9341.413.898.7≥15,000

<.001<.001<.001<.001<.001P value

Occupation

16.90122.515.00113.3183.0Nonqualified laborer

4.2330.22.1543.63.3119.11.9729.63.5493.5Semiqualified manual

3.2834.72.4755.42.3317.71.2926.62.2592.8Qualified manual

6.7251.44.2671.03.0822.52.1436.94.8498.6Semiqualified nonmanual

8.3275.15.5387.23.2835.43.1354.52.3198.4Qualified professional

<.001<.001<.001<.001<.001P value

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 SMSc or email, by sex, age and socioeconomic status (Seychelles, N=1240, 2013–2014).

Would like to receive
email messages

Would like to receive
SMS messages

Listened a program on
radio

Viewed a program on
television

Population characteristic

aOR%aOR%aOR%aORd%

41.084.559.783.6Total

Sex

136.4180.7157.8179.3Male

1.6545.32.7388.41.0861.61.92 e87.8Female

.006<.001.2<.001P value

Age (years)

149.5191.5143.8170.125–34

0.6143.70.6587.11.6655.22.7687.235–44

0.5439.90.8586.33.4171.73.6290.045–54

0.2619.70.3365.23.8876.63.2088.955–64

<.001<.001<.001<.001P value

Education

110.3151.1180.0186.0Did not complete obligatory

0.6521.52.5783.00.7262.01.2787.1Obligatory

1.0432.43.6390.10.8052.70.8474.1Vocational

1.5667.55.9893.40.9655.61.0981.7Polytechnic

4.9393.33.6183.20.7951.91.4784.7University

<.001<.001<.001.85P value

Annual income (Seychelles rupees)

110.0160.1175.7185.5<3000

0.9220.62.3784.50.8864.51.3185.33000–5000

1.2634.72.6287.70.6956.71.1782.65000–8000

2.2963.32.2289.30.6955.61.2282.98000–15,000

5.9482.81.9983.50.4652.00.8182.3≥15,000

<.001<.001<.001.55P value

Occupation

13.90169.4172.3185.8Nonqualified laborer

5.9123.63.3488.10.7560.21.2183.0Semiqualified manual

6.4633.71.7382.50.5751.30.9777.3Qualified manual

16.759.03.0893.50.5554.01.0686.0Semiqualified nonmanual

25.482.01.3087.20.6456.70.9683.4Qualified professional

<.001.001<.001.49P value

aWald test for univariate differences between the first and last categories of each socioeconomic variable.
bNCDs: noncommunicable diseases.
cSMS: 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.
eCoefficients with P <.05 are represented in italics.
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Table 4. Univariate distributiona and multivariate odds ratios for exposure to television or radio programs on NCDsb during the past 12 months and

willingness to receive health-related SMSc or email, by NCD risk factor categories (Seychelles, n=1240, 2013–2014).

Would like to receive
email messages

Would like to receive
SMS messages

Listened a program on
radio

Viewed a program on
television

Mobile
owner-
ship

Population characteristic

aOR%aOR%aOR%aOR%%

Smoking

128.0180.2155.8181.383.3Smoker

1.4739.81.3184.50.9962.60.9385.592.2Ex-smoker

0.9644.50.8785.81.2460.40.8283.996.2Never smoked

<.001.06.25.41<.001

Alcohol intake

140.7184.6162.3184.894.5None

0.8846.21.1385.91.0558.61.2484.394.8Moderate

0.6534.50.8882.70.9156.50.8680.389.0Heavy

0.13.50.12.14.006

Physical activity

159.0186.4158.6183.993.6Sedentary

0.53 e39.80.9485.21.0360.91.0984.893.2Moderate

0.319.30.5778.30.9955.70.8177.092.7Active

<.001.05.58.11.72

Body mass index

138.3183.0153.0182.089.2<25

0.9843.31.0184.81.1561.10.6882.595.725–30

0.9841.21.0586.01.2265.40.786.494.8≥ 30

.49.42<.001.11.002

Hypertension

145.0187.9153.9179.994.9Negative

0.8734.80.7479.41.0568.31.2789.090.7Positive

.002<.001<.001<.001.003

Elevated sugar

142.5186.9156.7181.894.8Negative

1.2334.90.7975.81.0970.71.3690.087.2Positive

.002<.001<.001.001<.001

aWald test for univariate differences between the first and last categories of each socioeconomic variable.
bNCDs: noncommunicable diseases.
cSMS: 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.
eCoefficients 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 older persons, with no significant association
with SES. On the other hand, exposure to health programs on

radio was lower than on that on television, with higher exposure
among persons of lower SES than among higher SES. We found
that the majority of adults owned a mobile phone, but fewer
owned smartphones, computers, or tablets or had Internet access.
The willingness to receive health-related SMS was higher in
women, younger adults, and those in higher SES. We also found
that willingness to receive health-related SMS was not
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independently related to a person’s NCD 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 development.

The sociodemographic differences in mobile ownership and
willingness to receive health-related SMS or email messages,
as found in this study, play a key role in ensuring that mHealth
initiatives have an equitable reach among the target populations
[30]. While SMS-based interventions have a promising 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 a social pattern in the uptake of health-related information
[42].

In addition to a social digital 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 health-related SMS
and were more likely 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 partially 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 also found an age-related digital divide, with modern
communication technologies being used more often by younger
than by older persons. This age-related digital divide was small
for ownership of mobile 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
emails related to health. This is consistent with younger adults
and persons of higher SES being prone to adopt new
technologies [33,46,47].

We found 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 SMS or emails than were persons at 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

aware of the many potential benefits of mHealth in general,
such as SMS reminders to attend medical visits or to take
medications, or health messages tailored to a person’s particular
condition.

The finding that the use of mobile communication devices, or
willingness to receive health-related SMS or email messages,
is higher among younger adults and among persons of higher
SES—irrespective of NCD risk—has important public health
implications, since NCDs tend to concentrate in persons of older
age and in persons of lower SES. The social 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
decrease in the coming generations, which will allow for persons
from broader age and SES categories also to benefit from
mHealth services. More generally, 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 SMS and emails, among younger
adults may be viewed as an advantage when designing
SMS-based mHealth initiatives among young adults. In the
same line, the frequent use of email and Internet 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 also 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.
We found that exposure to 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 a larger 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 media to broadcast health
education programs related to NCDs in developing countries
such as the 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 are ingrained) and the elderly
(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 a few 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
findings in 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 interventions in 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

and NCD prevention. A large majority of the population owned
a mobile phone and were willing to receive health-related SMS
messages. However, due to heterogeneous distribution of mobile
technology and a digital divide at the time of the survey,
mHealth intervention showed the highest potential reach among
persons with higher income and education, as well as in younger
adults. These finding are important to design and implement
mHealth interventions or health programs in the mass media.
More generally, this study highlights advantages and
disadvantages of traditional mass media versus modern mobile
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 media or through
modern mobile technology must be carefully designed in terms
of the intended targeted audiences.

 

Acknowledgments
MY, JM, and PB contributed to the analysis and writing of the manuscript. PB, BV, and JG contributed to study design and data
collection, as well as critical review of the manuscript. Grateful thanks are expressed to the survey officers, to all 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 (SEYPEC, Ltd).

Conflicts of Interest
None declared.

Multimedia Appendix 1
Study survey questions and response categories.

[PDF File (Adobe PDF File), 159KB - jmir_v18i5e114_app1.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?ua=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, Guajardo-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 media interventions for child survival in low- and
middle-income countries. J Health Commun 2014;19 Suppl 1:190-215 [FREE Full text] [doi: 10.1080/10810730.2014.918217]
[Medline: 25207453]

7. Krishna S, Boren SA, Balas EA. Healthcare via cell phones: a systematic review. Telemed J E Health 2009 Apr;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: ITU; 2015. URL: http://www.itu.int/en/ITU-D/ICT-Applications/Pages/Be_Healthy_intro.aspx
[accessed 2016-02-02] [WebCite Cache ID 6f02JQU9I]

J Med Internet Res 2016 | vol. 18 | iss. 5 |e114 | p.123http://www.jmir.org/2016/5/e114/
(page number not for citation purposes)

Yepes et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v18i5e114_app1.pdf&filename=cc1cb7442029956472e5f29c38a87d24.pdf
https://jmir.org/api/download?alt_name=jmir_v18i5e114_app1.pdf&filename=cc1cb7442029956472e5f29c38a87d24.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/


9. The World Bank. Maximizing Mobile: Information and Communications for Development. Washington, DC: The World
Bank; 2012. URL: http://siteresources.worldbank.org/
EXTINFORMATIONANDCOMMUNICATIONANDTECHNOLOGIES/Resources/IC4D-2012-Report.pdf [accessed
2016-02-02] [WebCite Cache ID 6f03HUJ1B]

10. InternationalTelecommunication Union. Statistics: Mobile-Cellular subscriptions. Geneva, Switzerland: ITU; 2015. URL:
http://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx [accessed 2016-02-02] [WebCite Cache ID 6f00UzunJ]

11. Silva C, Fassnacht DB, Ali K, Gonçalves S, Conceição E, Vaz A, et al. 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]

12. International Telecommunication Union. Costa Rica Ministry of Health Launches mHealth for Smoking Cessation. Geneva,
Switzerland: ITU; 2013. URL: http://www.itu.int/en/ITU-D/ICT-Applications/eHEALTH/Be_healthy/Pages/
mHealth_CostaRica_smoking.aspx [accessed 2016-02-02] [WebCite Cache ID 6f02dxd7g]

13. Beratarrechea A, Diez-Canseco F, Fernández A, Kanter R, Letona P, Martinez H, et al. [Acceptability of a mobile 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]

14. World Health Organization. mHealth: New Horizons for Health Through Mobile Technologies. 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]

15. Cole-Lewis H, Kershaw T. Text messaging as a tool for behavior change in disease prevention and management. Epidemiol
Rev 2010;32:56-69 [FREE Full text] [doi: 10.1093/epirev/mxq004] [Medline: 20354039]

16. Bastawrous A, Armstrong MJ. Mobile health use in low- and high-income countries: an overview of the peer-reviewed
literature. J R Soc Med 2013 Apr;106(4):130-142 [FREE Full text] [doi: 10.1177/0141076812472620] [Medline: 23564897]

17. 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]

18. Thakkar J, Kurup R, Laba T, Santo K, Thiagalingam A, Rodgers A, et al. Mobile 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]

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

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

21. Kamis K, Janevic MR, Marinec N, Jantz R, Valverde H, Piette JD. A study of mobile phone use among patients with
noncommunicable diseases in La Paz, Bolivia: implications for mHealth research and development. Global Health 2015;11:30
[FREE Full text] [doi: 10.1186/s12992-015-0115-y] [Medline: 26141528]

22. Head KJ, Noar SM, Iannarino NT, Grant Harrington N. Efficacy of text messaging-based interventions for health promotion:
a meta-analysis. Soc Sci Med 2013 Nov;97:41-48. [doi: 10.1016/j.socscimed.2013.08.003] [Medline: 24161087]

23. Abroms LC, Whittaker R, Free C, Mendel Van Alstyne, Schindler-Ruwisch JM. Developing and pretesting a text messaging
program for health behavior change: recommended steps. JMIR Mhealth Uhealth 2015;3(4):e107 [FREE Full text] [doi:
10.2196/mhealth.4917] [Medline: 26690917]

24. Piette JD, List J, Rana GK, Townsend W, Striplin D, Heisler M. Mobile health devices as tools for worldwide cardiovascular
risk reduction and disease management. Circulation 2015 Nov 24;132(21):2012-2027. [doi:
10.1161/CIRCULATIONAHA.114.008723] [Medline: 26596977]

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

26. 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.

27. Gurol-Urganci I, 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]

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

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

J Med Internet Res 2016 | vol. 18 | iss. 5 |e114 | p.124http://www.jmir.org/2016/5/e114/
(page number not for citation purposes)

Yepes et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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/


30. 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) projects in Africa. BMC Public Health 2014;14:188 [FREE Full text] [doi:
10.1186/1471-2458-14-188] [Medline: 24555733]

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

32. Rice R, 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]

33. 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.

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

35. Parham GP, Mwanahamuntu MH, Pfaendler KS, Sahasrabuddhe VV, Myung D, Mkumba G, Stringer Jeffrey S A. eC3: a
modern telecommunications matrix for cervical cancer prevention in Zambia. J Low Genit Tract Dis 2010 Jul;14(3):167-173
[FREE Full text] [doi: 10.1097/LGT.0b013e3181cd6d5e] [Medline: 20592550]

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

37. 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]

38. 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]

39. 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.

40. National Bureau of Statistics. Seychelles in Figures. Victoria, Seychelles: National Bureau of Statistics; 2015 Nov. URL:
http://www.nsb.gov.sc/wp-content/uploads/2015/12/Seychelles-in-Figures-2015-edition1.pdf [accessed 2016-02-02]
[WebCite Cache ID 6f03heVwg]

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

42. Aubert L, Bovet P, Gervasoni JP, Rwebogora A, Waeber B, Paccaud F. Knowledge, attitudes, and practices on hypertension
in a country in epidemiological transition. Hypertension 1998 May;31(5):1136-1145 [FREE Full text] [Medline: 9576126]

43. 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]

44. 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]

45. 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 6hB57sNYC]

46. 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]

47. 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
SMS: short message service
WHO: World Health Organization

J Med Internet Res 2016 | vol. 18 | iss. 5 |e114 | p.125http://www.jmir.org/2016/5/e114/
(page number not for citation purposes)

Yepes et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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/


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, Jürgen 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, a link to the original publication on http://www.jmir.org/, as well as this copyright
and license information must be included.

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

Yepes et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
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/


Original Paper

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

Marcin Masalski1,2, MD, PhDEng; Lech Kipiński3, MD, PhDEng; Tomasz Grysiński2, PhDEng; Tomasz Kręcicki1,
MD, PhD
1Department and Clinic of Otolaryngology, Head and Neck Surgery, Wroclaw Medical University, Wrocław, Poland
2Department of Biomedical Engineering, Wroclaw University of Technology, Wrocław, Poland
3Department of Pathophysiology, Wroclaw Medical University, Wrocław, Poland

Corresponding Author:
Marcin Masalski, MD, PhDEng
Department and Clinic of Otolaryngology, Head and Neck Surgery
Wroclaw Medical University
Borowska 213
Wrocław, 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 alternative 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
the workers and patients of the clinic. In both the groups, the reference sound levels were determined on a subject’s mobile device
using the Bekesy audiometry. The reference sound levels were 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 models in both the groups. The difference in reference sound levels 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 comparable 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 a relatively small deviation of the reference sound level for devices of the same model,
it is feasible to conduct hearing screening on devices calibrated with the predefined reference sound level.

(J Med Internet Res 2016;18(5):e130)   doi:10.2196/jmir.4987
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Introduction

This paper concerns the calibration of mobile devices for the
purposes of the pure-tone audiometry and explores the
possibility of the process automation. This study is the first 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
examinations or for patients who 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
professionals is 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
devices that are standardized with similar hardware and software
components. In the case of Apple iOS–based devices, the
differences in sound intensity between different sets are within
4 dB, making it possible to achieve accurate results in
comparison with conventional audiometry [3]. By far, the
biggest error is found in the case of biological calibration. The
mean standard error of the biological calibration method based

on the Bekesy audiometry is estimated at 4.90 dB [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 entails 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 a laboratory. 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 the test. This method
is particularly important for Android-based devices, which
account for about 80.7% of the mobile devices market (data for
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 a single biological calibration. At the same
time, the scalability of the proposed solution concerning the
number of device models is greater than a laboratory calibration,
and therefore, the availability of the test is expected to be higher
as well.

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
themselves to prepare for further hearing tests. In the controlled
group, the audiologist-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 also 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. Subjects were identified by means of a unique number
assigned to the device, more precisely to the instance of the
device’s operational system. When more than 1 calibration was
assigned to the same identification number, the results of the
last calibration were analyzed. The device model was identified
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 criteria were the
possession of an Android-based mobile phone with bundled
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 a clinical audiometer Interacoustic AD229e
with TDH-39 headphones previously calibrated according to
the norm ISO 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 participant was asked
to perform calibration twice under the supervision of an
audiologist. If not, calibration was conducted twice by 1 of 2
normal-hearing audiologists. The results of the first 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 is a self-recording
hearing test in which the subject controls the intensity of the
stimulus by pressing a button, while the frequency of the
stimulus is being slowly changed within the audible range. The
intensity of a stimulus decreases as long as the button is 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 minutes to complete the calibration. The results were
stored in the centralized database. Calibration coefficients were
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 a change in the button state occurred.
Thus, the calibration coefficients determine the level of the
signal generated by the device, which equals the hearing
threshold of the reference person.

Comparison of Reference Sound Levels
The reference sound level has been defined as such a level of
the signal generated by the device, which will produce in the
bundled headphones the sound at the intensity of 0 dB HL. The

reference sound level can be estimated based on calibration
coefficients assuming that the hearing threshold of the reference
person nears 0 dB 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 as the mean value of calibration coefficients
decreased by the pure-tone hearing thresholds. The comparison
of reference sound levels in groups was conducted on the basis
of confidence intervals (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 calibrations in 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 Java applet 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
in the 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 slower
growth of the number of calibrations in 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 development (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 also
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.

During that time, 20,747 calibrations were 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 bundled
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 slight hearing
impairment, and in these cases, the calibration was performed
by 1 of the 2 normal-hearing audiologists. The analysis was
performed on 10 models for which the required sample size was
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).

Figure 1. Flow diagram.

Comparison of Reference Sound Levels
In the uncontrolled group, the central tendency of calibration
coefficients was estimated by the mode as it is more 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

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
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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-related disorders and a history of noise exposure
[28]. The median for the group aged 18 to 35 years was
calculated as the weighted arithmetic mean under the assumption
that the hearing threshold in the group aged 18 to 19 years is
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
determine the median value, its error 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 levels was 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).

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

Reference sound levels in the uncontrolled group were compared
with the reference sound levels in the controlled group (Figure
3,Tables 2 and 3). CIs were estimated on the basis of the SD of
the difference between these values (Multimedia Appendix 1).
At 95% CIs, statistically significant differences were found in
5 of 77 (7%), which is in accordance with the statistical
significance level and confirms the 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
models was 1.50 dB (SD 4.42).

Table 1. 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)

8 kHz6 kHz4 kHz2 kHz1 kHz500 Hz250 HzWeightNGender, age

7.510.05.02.52.55.012.512650Men, 20-29

7.510.02.52.52.57.512.5121840Women, 20-29

10.015.010.05.05.07.512.55619Men, 30-39

10.012.55.05.05.07.515.052389Women, 30-39

8.211.14.93.23.26.612.9Estimated median, 18-35.

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

Difference between reference sound levels
in groups, dB (SD)

Number of calibrations in the
controlled group

Number of calibrations in the
uncontrolled group

Model

−0.75 (4.58)299HTC ONE

4.99 (5.16)543SAMSUNG GT-I8190

1.29 (3.92)194SAMSUNG GT-I9100

3.35 (3.06)326SAMSUNG GT-I9105P

5.80 (4.25)383SAMSUNG GT-I9195

−0.04 (4.29)7100SAMSUNG GT-I9300

0.45 (4.43)5108SAMSUNG GT-I9505

4.78 (4.28)188SAMSUNG GT-N7100

−1.14 (4.31)262SONY C6603

−3.73 (5.94)255SONY C6903
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Table 3. Differences in reference sound levels between uncontrolled and controlled groups by frequencies (number of models n=10).

Difference between reference sound levels in groups, dB (SD)Frequency (Hz)

1.58 (5.91)250

2.63 (4.59)500

4.68 (2.86)1k

2.15 (4.41)2k

0.53 (4.13)4k

0.67 (6.48)6k

−1.74 (5.72)8k

Figure 2. Calibration coefficients for sample device models at 1 kHz in the uncontrolled group.
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Figure 3. The reference 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).

Intramodel Analysis
The reference sound level in the controlled group was measured
by decreasing the value of calibration coefficient by the

pure-tone hearing threshold of the reference person. Therefore,
the variability of the measured value of the reference sound
level is dependent on the variability of the real value of 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% CI 4.37-4.91), and
thus, the error is 3.27 dB (95% CI 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

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 differences were
found in reference sound levels (Figure 4).

Figure 4. Comparison of reference sound levels between models by means of the number of frequencies with statistically significant differences (P=.01).

Discussion

Reference sound levels determined 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 levels was obtained at 1.50 dB (SD 4.42), which
confirms the 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). This value
limits the hearing test accuracy when a common, predefined
reference sound level is applied to all devices of the same model.

The estimated variability of reference sound level is higher 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 previously 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 necessarily 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 coefficients in 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
signal. 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 a median is used instead of a mode, the mean
difference will be 5.39 dB (SD 3.93), which proves the 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). Calculations were carried out for every model, cumulatively
for all frequencies, using the bootstrap method. The mean
standard error of determining the predefined reference sound
level was found below 5 dB 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

to the value obtained for the mode and equals 1.02 dB (SD
3.99). At the same time, the 37th percentile is characterized by
significantly smaller SD (Figure 5). This is particularly
important in the case of a small 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 5.08 dB (95% CI 2.25-11.02),
variability of reference sound level within a single model at
4.03 dB (95% CI 3.93-4.11), the literature-based SD of
test–retest differences of the pure-tone audiometry at 5.37 dB
(95% CI 5.02-5.77) [24] and making a conservative assumption
of independence of the aforementioned variables, we obtain the
SD of the difference at 8.42 dB (95% CI 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 the first 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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Standard Deviation of the Difference Between the Mode of the Reference Sound Level in the Uncontrolled Group and the Mean
Reference Sound Level in the Controlled Group.
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Multimedia Appendix 2
The Real Variability of the Reference Sound Level Among Devices of the Same Model.
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Multimedia Appendix 3
Estimation of the Standard Deviation of the Difference Between the Pure-Tone Audiometry and a Hearing Test Conducted on a
Mobile Device Calibrated by Means of the Predefined Reference Sound Level.
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Abstract

Background: Identifying novel ways to recruit smokers for treatment studies is important. In particular, certain subgroups of
adult smokers, such as heavy-drinking smokers, are at increased risk for serious medical problems and are less likely 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 users in 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: Advertisements generated 1781 clicks and 272 valid, completed surveys in 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%) also reported heavy alcohol consumption at least
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%; χ2[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: Social 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
individuals into treatment after completion of Web-based screening surveys.

(J Med Internet Res 2016;18(5):e107)   doi:10.2196/jmir.5360
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Introduction

Identifying novel ways to recruit smokers for treatment is
important. Tobacco use remains a large public health problem
[1,2], and most smokers who 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 smokers into treatment is important
for improving health outcomes.

Research suggests there is a large subgroup of smokers who
also drink heavily. In national samples, approximately 6.2
million US adults have co-occurring nicotine dependence and
an alcohol use disorder [12]. Additionally, rates of binge (ie,
≥5 drinks on the same occasion) and heavy alcohol 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 a way 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 media advertising, such as through
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 people with 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 populations such as young
adults [18], veterans [19], immigrants [20], and Latino smokers
[21]. These studies suggest Web-based advertising may be a
useful tool to consider for recruiting heavy-drinking smokers
as well.

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

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 years old) within a geographic radius
of 30-40 miles from New Haven, Connecticut, given our interest
in recruiting individuals able to participate in an in-person
treatment research study. All 3 advertisements targeted 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; all 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 advertisements in 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 days in total over 2 months. We
specified a spending limit for the entire advertising campaign
(3 advertisements) of $25 per day. On days when 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
advertisement 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-effectiveness in 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.

Study Procedures
The Yale Institutional Review Board approved all 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 this information, 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 participation in the
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 analysis if 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 a later date,” “I am not interested in reducing
my cigarette use,” or “I choose not to answer.”

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 Abuse and Alcoholism (NIAAA) guidelines
for heavy drinking [24]. Categorical response options included
“every day,” “5 to 6 times a week,” “3 to 4 times a week,” “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 a later date,” or “no.” Alcohol withdrawal symptoms were
assessed by asking participants if they experienced 10 specific
symptoms when they cut down or stopped drinking (eg,
sweating, vomiting, seizure, hallucinations) rated “yes,” “no,”
“I 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
(yes or no),” and “are you planning on moving out of the greater
New Haven area in the next 6 months?” Additionally,
participants were asked if they were currently pregnant or
nursing, being treated for any medical problems, currently taking
any prescription medications, and had a history of treatment for
psychiatric problems. They were prompted to provide
free-response text to specify the condition or medication.

Initial Screening Eligibility
Completed surveys were evaluated by research staff to determine
initial eligibility for participation in a treatment research study.
Eligibility criteria for being invited for an in-person intake
evaluation 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 withdrawal (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
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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 results are depicted in Figure 2. In total, 3 Facebook
advertisements generated 102,697 impressions (ie, number of
times the advertisement was displayed), 1781 clicks on the
advertisement, and 516 surveys in 2 months, at an overall cost
of $480.89. Facebook estimated we had a daily 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%, vs 113/1781, 6% on tablets and 6/1781, <1%

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 complete an intake and further evaluation for a treatment
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 eligible for an intake, and $34.35 per participant
who completed the in-person intake.

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

Participant Characteristics
Descriptive statistics were used to characterize participant
demographics and responses to survey items. On average, survey
responders were 37.4 (SD 10.8) years old, and 63.4% (208/328)
were female. Independent sample t tests and chi-square analyses
were used to assess differences in demographic characteristics

by survey completer status (Table 1). Age (t325=−1.86, P=.06),

desire to reduce cigarette use (χ2[2,N=328]=0.6, P=.73), and desire

to reduce alcohol use (χ2[2,N=328]=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%; χ2[1,N=328]=3.9, P=.04).
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Table 1. Demographic characteristics by survey completion status.

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

36.8 (10.4)39.8 (12.2)Age in years, mean (SD)

179 (65.8)29 (51.8)Sex, female, n (%)

Desire to reduce cigarette use, n (%)

254 (93.4)53 (94.6)Immediately

15 (5.5)3 (5.4)At a later date

3 (1.1)0 (0.0)No response

Desire to reduce alcohol use, n (%)

56 (20.6)15 (26.8)Yes

32 (11.8)9 (16.1)Maybe at a later date

184 (67.6)32 (57.1)No

Smoking and Alcohol Use
The remaining analyses characterized responses from the 272
completed surveys. The advertisement was successful in
reaching smokers interested 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 smokers who 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

19% (54/272) of respondents indicated they that experienced
at least one alcohol 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-square
analyses were used to examine whether treatment interest
differed between those who reported heavy drinking at least
once a month and those who reported never experiencing heavy
drinking. The majority of smokers also interested in reducing
their alcohol use now were heavy drinkers (45/56, 80.4%)

compared to non-heavy drinkers (11/56, 19.6%; χ2[1,N=272]=13.0,
P<.001).

Figure 3. Frequency of heavy alcohol use by sex.

Medical and Psychiatric History
Participants responded to questions about current medical and
psychiatric problems to assess initial eligibility. Overall, 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 a history of treatment for psychiatric problems,

31.6% (86/272) reported currently taking medications or
prescription drugs, and less than 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
adults interested in smoking cessation treatment, many of whom
also drank heavily and were interested 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 engage individuals
into treatment after completion of Web-based screening surveys.

Overall, Facebook was effective for reaching adult smokers and
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 media advertising 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 a small 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 a range 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 be important for treatment
dissemination.

In particular, reaching heavy-drinking smokers through 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

smoking behavior, fewer were interested in changing their
alcohol use. However, our results suggest there is a subset of
smokers who are interested in changing both tobacco and alcohol
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
sample recruited through Facebook. Data generated by Facebook
do not allow us to assess how our sample of respondents
compares with 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, thus we are limited 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. It is possible
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 be influenced by reporting
bias. We are unable to determine the reason for incomplete
survey responses. Researchers should carefully consider
participant factors or other technological factors that may affect
Web-based survey completion.

Despite these limitations, our results suggest Facebook
advertisements were successful in reaching adult smokers
interested in treatment research. Additionally, general
recruitment for smokers reached those who also drink alcohol
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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Abstract

Background: Psychological interventions are recommended for people with severe mental health problems (SMI). However,
barriers exist in the provision of these services and access is limited. Therefore, researchers are beginning to develop and deliver
interventions online and via mobile phones. Previous research has indicated that interventions delivered in this format are acceptable
for people with SMI. However, a comprehensive systematic review is needed to investigate the acceptability of online and mobile
phone-delivered interventions for SMI in depth.

Objective: This systematic review aimed to 1) identify the hypothetical acceptability (acceptability prior to or without the
delivery of an intervention) and actual acceptability (acceptability where an intervention was delivered) of online and mobile
phone-delivered interventions for SMI, 2) investigate the impact of factors such as demographic and clinical characteristics on
acceptability, and 3) identify common participant views in qualitative studies that pinpoint factors influencing acceptability.

Methods: We conducted a systematic search of the databases PubMed, Embase, PsycINFO, CINAHL, and Web of Science in
April 2015, which yielded a total of 8017 search results, with 49 studies meeting the full inclusion criteria. Studies were included
if they measured acceptability through participant views, module completion rates, or intervention use. Studies delivering
interventions were included if the delivery method was online or via mobile phones.

Results: The hypothetical acceptability of online and mobile phone-delivered interventions for SMI was relatively low, while
actual acceptability tended to be high. Hypothetical acceptability was higher for interventions delivered via text messages than
by emails. The majority of studies that assessed the impact of demographic characteristics on acceptability reported no significant
relationships between the two. Additionally, actual acceptability was higher when participants were provided remote online
support. Common qualitative factors relating to acceptability were safety and privacy concerns, the importance of an engaging
and appealing delivery format, the inclusion of peer support, computer and mobile phone literacy, technical issues, and concerns
about the impact of psychological state on intervention use.

Conclusions: This systematic review provides an in-depth focus on the acceptability of online and mobile phone-delivered
interventions for SMI and identified the need for further research in this area. Based on the results from this review, we recommend
that researchers measure both hypothetical and actual acceptability to identify whether initial perceptions of online and mobile
phone-delivered interventions change after access. In addition, more focus is needed on the potential impact of demographic and
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clinical characteristics on acceptability. The review also identified issues with module completion rates and intervention use as
measures of acceptability. We therefore advise researchers to obtain qualitative reports of acceptability throughout each phase
of intervention development and testing. Further implications and opportunities for future research are discussed.

(J Med Internet Res 2016;18(5):e121)   doi:10.2196/jmir.5250

KEYWORDS

mHealth; eHealth; severe mental health; psychosis; bipolar disorder; personality disorder; severe mental health problems (SMI);
acceptability

Introduction

The exact definition of severe mental health problems (SMI) is
inconsistent in the literature. Discussions have proposed that
the term should be applied to describe the duration and levels
of functioning in an individual, rather than focusing on specific
diagnoses [1,2]. However, much of the psychological research
in SMI specifically uses diagnostic criteria for participant
recruitment [3]. Due to the reliance on diagnosis for recruitment
in this field of research, we used a diagnostic definition of SMI
for this review. Online and mobile phone-delivered interventions
have the potential to improve access to evidence-based
interventions for SMI; therefore, we used the Improving Access
to Psychological Therapies (IAPT) initiative definition of SMI.
IAPT is a United Kingdom-based National Health Service
(NHS) program, which aims to increase access and availability
of evidence-based psychological therapies and includes
diagnoses of psychosis, bipolar disorder, and personality
disorders as SMI [4]. The initiative is in line with current
recommendations that people experiencing SMI be provided
access to evidence-based psychological interventions, in addition
to prescribed medications [5-7].

A range of barriers, including perceived stigma [8], uncertainty
among practitioners about clinical effectiveness [9], cost
pressures, and lack of trained facilitators [10], means that many
people who could benefit from psychological interventions are
often unable or unwilling to access them. Limited availability
and access to psychological therapies for SMI was reflected in
a survey by the charity Mind, which reported that 20% of
respondents had waited for >1 year to access psychological
therapies and <30% had received access within 3 months of
referral [11]. In addition, a recent report by the NHS’s Mental
Health Taskforce highlighted that respondents’“most important”
priorities for NHS mental health service improvement were
early support and intervention for people experiencing SMI and
increased access to psychological therapies [12]. In an attempt
to reduce barriers and provide increased access to helpful
interventions, researchers have investigated the role that novel
technologies could play in the provision of evidence-based
interventions for people with SMI.

Interventions delivered online (ie, websites) and via mobile
phones (ie, smartphones, text messages, alerts, and apps) have
been reported to be acceptable and show potential efficacy for
the enhancement of self-care practices in individuals across a
broad field, including diabetes [13,14], cancer [15], coronary
heart disease [16], and psoriasis [17]. Additionally, online and
mobile phone-delivered approaches have been used to
implement evidence-based interventions for the promotion of

health-related behaviors such as smoking cessation [18,19],
physical activity [20], and weight reduction [21]. More recently,
interventions have been delivered online and via mobile phones
in an attempt to, among other things, reduce barriers associated
with accessing mental health care [22] and to empower service
users with greater choice and control over their health care needs
[23]. Online and mobile phone-delivered interventions have
been shown to be feasible, acceptable, and effective for
depression and anxiety disorders [24,25], eating disorders [26],
and substance use [27]; these interventions have since been
extended to people who experience psychosis [28,29], bipolar
disorder [30], and personality disorders [31], or the so-called
severe mental health problems (SMI).

Levels of Internet use among people with mental health
problems, including SMI, are similar to that of the general
population [32]. In a survey of service users in a community
psychiatric program, 59.3% of respondents reported using the
Internet and 85.7% reported using mobile phones [33].
Additionally, a survey-based study for individuals with SMI
reported that 72% of participants surveyed owned a mobile
phone, while some expressed an interest in receiving health care
services, such as appointment and medication reminders, through
mobile devices [34]. A meta-analysis conducted in 2015 reported
mobile phone ownership of around 81.4% in people with
psychosis, reflecting similar ownership to that in the general
population [35]. This meta-analysis also reported that many of
the people who were surveyed expressed favorable attitudes
toward mobile phone-delivered self-management strategies, for
example, symptom monitoring, appointment and medication
reminders, and providing an avenue for service user-provider
communication. However, a more recent study of 100
individuals experiencing SMI reported high levels of traditional
mobile phone ownership (85%) but lower levels of smartphone
ownership (37%) [36]. The comparatively lower rates of
smartphone ownership suggest that some individuals with SMI
might be excluded from being able to receive interventions via
smartphones; however, current levels of interest and traditional
mobile phone usage in this population suggest that many would
have the capabilities needed to receive online and mobile
phone-delivered interventions.

Previous systematic reviews of online and mobile
phone-delivered interventions for people with SMI have tended
to have broad focus on acceptability, feasibility, and efficacy,
rather than provide an in-depth review of one outcome. For
example, a review from 2014 examined the effectiveness of
online, social media, and mobile technologies for people with
psychosis [28]. The authors found that interventions delivered
online and via mobile devices are often feasible and acceptable,
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and show potential efficacy among this group. Another review
of e-mental health self-management for psychotic disorders
found that individuals were willing to engage with online
interventions and that such approaches can be effective for the
promotion of self-management strategies [29]. More recently,
a review of mobile device and eHealth interventions for people
who have received a psychotic or bipolar-related diagnosis
reported that interventions delivered via these modalities are
both feasible and acceptable [37]. Finally, a 2015 review
examined the feasibility of smartphone apps for individuals
with schizophrenia [38]. The authors highlighted that the number
of studies using smartphone apps for schizophrenia are limited,
but they concluded that there was evidence for high feasibility
due to satisfaction reports and levels of engagement. The lack
of high-quality, large-scale, definitive research prevents any
conclusive statements from being made. The conclusion that
online and mobile phone-delivered interventions are acceptable
for people with SMI has been largely based on module
completion rates, intervention use, and participants’ views.
However, reviews have not captured the complex nature of
acceptability. Specifically, reviews have not included studies
investigating participant attitudes, views, and interest in
interventions delivered online and via mobile phones.
Additionally, potential factors that may influence acceptability,
such as demographic, clinical, and intervention characteristics,
have yet to be synthesized. Finally, common qualitative themes
relating to the acceptability of online and mobile
phone-delivered interventions for SMI have not yet been
identified in systematic reviews.

In order to more closely examine acceptability, we sought to
examine both the hypothetical and actual acceptability of
interventions delivered online and via mobile phones for people
with SMI. We define hypothetical acceptability as the
acceptability of online and mobile phone-delivered interventions
prior to or without an intervention being delivered, measured
by participants’ interest in and willingness to engage with these
interventions. We define actual acceptability as the acceptability
of an intervention that participants have received online or via
mobile phones, which can be measured by module completion
rates, intervention use, and participant views after an
intervention has been delivered.

Therefore, this systematic review aimed to 1) explore whether
interventions delivered online and via mobile phones are
hypothetically or actually acceptable for people with SMI, 2)
investigate whether participant and intervention-related factors
influence acceptability, and 3) identify common participant
views about acceptability from qualitative studies.

Methods

Search Strategy
This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) [39]. We identified studies for inclusion through
searching the electronic databases PubMed, Embase, PsycINFO,
CINAHL, and Web of Science. The first set of search terms
were related to SMI: “psychosis” OR “psychotic” OR
“psychoses” OR “schizophr*” OR “schizoaffective” OR “bipolar
disorder” OR “mood disorder” OR “personality disorder” OR
“severe mental illness” OR “serious mental illness” OR “severe
mental health” OR “serious mental health” OR “SMI”. The
second set of search terms were related to online and mobile
technologies: “computer” OR “technolog*”, OR “digital” OR
“internet” OR “online” OR “website” OR “web-based” OR
“mobile” OR “phone” OR “smartphone” OR “text message”
OR “SMS” OR “mHealth” OR “eHealth”. These sets of search
terms were linked with the Boolean operator AND.

To increase the likelihood of obtaining all of the relevant studies
in the area, we took the following steps: 1) we included
unpublished materials such as conference abstracts in the search;
where abstracts were relevant, we contacted the lead authors
for full results, 2) we used the “cited-by” function in Google
Scholar to identify any eligible papers that had cited the included
studies, 3) we screened references lists of included studies to
gather any papers that the search terms had not identified, and
4) we contacted key authors in the area who were identified as
potentially having further unpublished results.

We produced a flowchart of each stage of the database search,
with the search yielding a total of 8017 papers (Figure 1).
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Figure 1. Flow diagram of systematic search for interventions delivered online and through mobile phones for people with severe mental health problems
(SMI).

Eligibility Criteria
We conducted full database searches in April 2015, with the
inclusion and exclusion criteria identified prior to the collection
period. Due to the relatively new nature of the field of the
Internet and mobile phones and mental health, we considered
only studies from 2005–2015. We included studies if they
recruited participants with a diagnosis of psychosis, bipolar
disorder, or personality disorder. Studies where these diagnoses
were self-reported (not confirmed by a clinician or through an
initial assessment) were still included due to Web-based
recruitment strategies often used in the field. We defined
interventions as a method used online or via a mobile phone
with the aim of modifying a participant’s behavior or
psychological well-being. Therefore, we aimed to provide a
broad range of interventions, from more simplistic interventions,
such as medication and appointment reminders, to more complex
interventions, such as cognitive behavioral therapy and
interactive psychoeducation. We included studies if they
involved the delivery of an intervention online or via a mobile
phone or if they investigated participants’ interest in and

willingness to receive interventions delivered in these formats.
Supported interventions (where participants were supported by
a trained facilitator or where online and mobile phone-delivered
interventions were implemented in conjunction with face-to-face
therapy) were also included because some of the studies offered
optional support and often continued face-to-face treatment as
usual. Finally, we included studies if they measured acceptability
in the form of module completion rates, intervention use, or
participant views. Therefore, we included qualitative,
quantitative, or mixed-methods study designs.

We excluded studies if the intervention was solely focused on
diagnostic assessments, mood assessments, or symptom
monitoring where feedback was not provided to participants.
In addition, we excluded studies involving telepsychiatry, for
example, video and telephone calls. We included studies that
involved a combination of caregivers and service users but we
report characteristics and outcomes only for the participants
from the service user sample. Studies that involved mixed
samples were excluded if ≤50% of the participants sampled had
a diagnosis of psychosis, bipolar disorder, or personality
disorder. For those where >50% of participants had 1 of these
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diagnoses, we contacted the authors of these papers for separate
results for participants with a diagnosis of psychosis, bipolar
disorder, and personality disorders.

A key aim of this systematic review was to determine factors
(eg, demographic and clinical characteristics) that could
influence the acceptability of online and mobile phone-delivered
interventions for SMI. Therefore, we screened included studies
for information about the analysis and findings relating to
potential predicators of acceptability. We considered
relationships between factors and acceptability as significant if
they were below the .05 level of significance. However, due to
the early nature of this research, we also report associations on
the 10% level.

Study Selection
We excluded studies on the title level if there was no mention
of online or mobile phone-delivered interventions or mental
health. The first author and an independent researcher screened
the 230 paper abstracts for eligibility, with a moderate level of
agreement obtained (κ=.66). This moderate level of agreement
was primarily due to the first author being overly inclusive while
screening abstracts due to the secondary outcome nature of
acceptability. The research team resolved any disagreements
until a consensus was reached about study inclusion. The first
author screened full texts before the research team discussed
and agreed on final papers for inclusion. We identified 3
additional studies through contacting authors and reference
screening. We contacted 4 authors for clarification because their
studies included participants with a diagnosis of major
depressive disorder, and 3 of these authors provided additional
unpublished material, which we have included in this review.
The final number of included studies after screening on title,
abstract, and full paper level was 49.

Results

We explored the hypothetical acceptability of online and mobile
phone-delivered interventions for SMI in 7 studies [34,40-46]
(1821 participants; sample size range 51–1237). The mean age
of participants in studies where mean age was reported
[34,40,41,44,45] (n=4) was 32.73 years (range 18.33–46).
Studies were conducted in the United States [34,40,41,45] (n=3),
the United Kingdom [42,46] (n=2), Canada [44] (n=1), and
India [43] (n=1). Multimedia Appendix 1 details the study and
participant characteristics.

The actual acceptability of online and mobile phone-delivered
interventions for people with SMI was measured in 42 studies
[31,40,47-86] (2226 participants; sample size range 4–311).
The mean age of participants across the studies where mean age
was reported [31,40,47-51,53,54,57,59,
60,62-68,70-74,77-80,82-86] (n=27) was 40.61 years (range
27–48.8). The average number of intervention modules per
sessions was 8.5 (range 4–20), while the average intervention
duration was 17 weeks (range 2–78). The majority of the studies
were conducted in the United States [31,40,60,62-64,66,68,
72,73,78-81,86] (n=15) and Australia [47-49,59,70,71,74-76]
(n=9), while the remainder were from Finland [50-55] (n=6),
the United Kingdom [56-58,82,83] (n=5), the Netherlands

[61,77,84,85] (n=4), Canada [65] (n=1), Sweden [67] (n=1),
and the Czech Republic [69] (n=1). Multimedia Appendix 2
details the study and participant characteristics.

Hypothetical Acceptability
Multimedia Appendix 3 presents results for the hypothetical
acceptability of online and mobile phone-delivered interventions
for SMI. The results reported focused on 1) the proportion of
participants who agreed that they would be interested in
receiving online and mobile phone-delivered interventions, 2)
the impact of demographic characteristics on hypothetical
acceptability, 3) whether participant levels of interest in online
and mobile phone-delivered interventions differed between
email and text message delivery, and 4) geographical differences
in hypothetical acceptability.

The hypothetical acceptability of obtaining support via social
media websites was relatively high (75.5%), and two-thirds of
participants (64%) were willing to have clinicians contact them
via social media during symptom emergence [41] (A Rizvi,
MA, written communication, May 2015). However, levels of
interest in receiving information and support varied between
social media platforms (85% YouTube; 58% Facebook; 39%
Twitter) [44]. Interest in mobile phone check-ins to inform
health care providers about symptoms was relatively low (14.4%
to 41%) [34,40,43] (D Ben-Zeev, PhD, written communication,
May 2015), while interest in receiving text messages from health
care providers was moderate to high (45% to 76%) [45,46].
Additionally, the hypothetical acceptability of online and mobile
phone-delivered appointment and medication reminders varied
extensively between studies (26% to 92.5%) [34,40,42-45]
(personal communication with D Ben-Zeev, May 2015).

Participant interest in mobile phone-delivered information about
treatment, services, and psychoeducation was relatively low
(31% to 48.1%) [34,40,43] (personal communication with D
Ben-Zeev, May 2015). However, a 2015 study specifically
recruiting young people with first episode psychosis reported
that 90% of participants liked the idea of receiving information
about physical and mental health online or via mobile phones
[44].

Impact of Demographic Characteristics on Hypothetical
Acceptability
No significant relationships were reported between interest in
text message and email-delivered interventions and age, sex,
race, and employment status [42,45]. However, in 1 study, there
was an association at the 10% level between age and interest in
receiving medication reminders via text messages (P=.06) [42].
The mean and median age of participants was <35 years in 2
studies [41,44] (personal communication with A Rizvi, May
2015) and ≥35 years in 3 studies [34,40,43,45]. Interest in online
and mobile phone-delivered appointment and medication
reminders was higher in studies where the average age of
participants was <35 years (56.7% to 92.5%) in comparison
with >35 years (26% to 58%).
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Hypothetical Acceptability of Interventions Delivered
via Text Messages Versus Emails
In 2 studies, participants were asked whether they would prefer
to receive appointment and medication reminders, check-ins
with providers, and health-related information via telephone
calls, text messages, or emails. In both studies, participants
stated a preference for receiving telephone calls (72.6% to 81%)
in comparison with text messages (8.5% to 36%) and emails
(1.5% to 21%) [34,40,43] (personal communication with D
Ben-Zeev, May 2015). In 2 other studies, participants also
reported a preference for medication and appointment reminders
delivered via text messages (40% to 92.5%) in comparison with
email (26% to 79.1%) [44,45].

Differences in Hypothetical Acceptability Geographically
A questionnaire developed for participants in the United States
was adapted for use in India [34,43]. A larger proportion of
participants in the United States were interested in using the
Internet and mobile phones for check-ins with providers (39.5%)
and appointment and medication reminders (41.5%) compared
with participants in India (check-ins: 14%; medication and
appointment reminders: 27%) [34,40,43] (personal
communication with D Ben-Zeev, May 2015). However, interest
in mobile phone-delivered health information and
psychoeducation was of more interest to participants in India
(44%) than to those in the United States (31%).

Actual Acceptability
Multimedia Appendix 4 presents results for the actual
acceptability of online and mobile phone-delivered interventions
for SMI. The results reported focused on 1) intervention
satisfaction ratings reported by participants, 2) intervention use
and module completion rates, 3) the impact of demographic and
clinical characteristics on actual acceptability, and 4) a
comparison of the actual acceptability between supported and
unsupported online and mobile phone-delivered interventions.

Some studies measured the actual acceptability of online and
mobile phone-delivered interventions for SMI through
satisfaction ratings. The proportion of participants who were
satisfied with the ease of use, perceived helpfulness, and
perceived usefulness of the interventions, and were willing to
recommend the intervention to others, was moderate to high
(41% to 90.6%), although the majority of studies tended to
report values of around 75% [40,47,52,60,66-68,77-79,85].
Other studies measured actual acceptability through satisfaction
ratings on Likert scales. Ratings for overall satisfaction and
perceived helpfulness and usefulness were on the upper ends
of the Likert scales, while moderate to high ratings were reported
for ease of use [32,50,62-65,80,84,86] (personal communication
with L Warner, June 2015).

Intervention use was also included as a measure of actual
acceptability. In the HORYZONS study, 60% of participants
used the intervention for the full 4 weeks and 70% used it for
at least 3 weeks, as measured by the number of intervention
log-ins [47]. Additionally, the FOCUS system [40] was used
by participants on 86.5% of the study days [60], while 71% of
participants in the WEGWEIS project used every feature on the
website [85]. In the SOAR study, every person who participated

was reported to have engaged with the website (used the
education material on at least 4 visits and contributed to the
forum on at least 13 visits) [78,79]. However, rates of
engagement with the MyRecoveryPlan website were relatively
low after 3 weeks (program only: 9%; program plus coaching:
38%) [81]. Participant response rates to assessments and prompts
ranged from 65% to 93.33% [32,62,63,72,73,86].

Actual acceptability was also measured through module
completion rates and session attendance. Between 45% and
81% of participants completed at least half the modules of their
assigned intervention [47,57,59,66,71,76], while 81% of
participants in the Mental.Net project attended at least 3 of the
5 sessions [53]. Additionally, the average program completion
rate of participants who remained in the LWB trial was 60%
[83].

Impact of Demographic and Clinical Characteristics on
Actual Acceptability
Only 3 studies investigated whether demographic characteristics
influenced actual acceptability. Of these studies, 2 reported no
significant relationships between actual acceptability and age,
sex, or education level [54,63]. However, 1 study reported
significantly higher workbook completion rates by participants
who were female and older, although this was not found for
educational attainment [75,76].

Several studies explored the relationship between participant
psychological state and actual acceptability. The majority of
these studies reported that the presence and severity of
symptoms associated with SMI, for example, anxiety,
depression, mania, and reduced cognitive functioning, did not
predict participant satisfaction, module completion rates, and
intervention use [54,60,63,75,76,86]. However, in 1 study, there
was a positive association at the 10% level between completion
rates and depressive symptoms (P=.06) and perceived
helpfulness and baseline manic symptoms (P=.07) [78].
Additionally, there was a significant positive relationship
between participant access and use of the SOAR website and
severity of positive symptoms [79].

Actual Acceptability of Supported Versus Unsupported
Internet-Delivered Interventions
Comparisons of actual acceptability between supported and
unsupported Internet-delivered interventions for SMI were
explored in 2 studies. In the MyRecoveryPlan and BEP studies,
participants were assigned to receive access to either the basic
programs without support or the programs plus remote coaching
and support via email to help participants when using the
intervention [75,76,81]. Participant completion rates in the BEP
study and usage of the MyRecoveryPlan website were
significantly higher in the remote support conditions than in the
unsupported conditions (P <.05).

Common Qualitative Themes
Some projects included qualitative studies to investigate
participant views about the acceptability of online and mobile
phone-delivered interventions for SMI and ideas for future
developments to increase acceptabili ty
[49,51,53-56,58,61,62,69,70,74,75,82,84,85] (Multimedia
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Appendix 5). To aid conceptual understanding, we collected
common participant quotes relating to acceptability by screening
the papers and creating a set of key themes that emerged. The
key common themes identified were 1) concerns about the
safety, privacy, and security of online and mobile
phone-delivered interventions, 2) the importance of an engaging
and appealing intervention delivery format, 3) participants’
desire for the inclusion of remote peer support, 4) individual
differences in computer and mobile phone literacy and technical
issues as potential barriers to acceptability, and 5) the potential
impact of psychological state on motivation to engage.

Participant Safety
Participant perceptions about the safety, confidentiality, and
privacy of online and mobile phone-delivered interventions
were noted in several studies [48,49,54,56,58,61,62].
Participants in the HORYZONS project felt the social
networking component was safe and confidential due to its
anonymous nature, restricted access, and expert moderation
[48,49]. However, concerns about confidentiality were raised
in Beating Bipolar focus groups, and 2 participants in the
randomized controlled trial felt their privacy had been
compromised through accessing the program on public
computers [56,58]. Focus groups in the PCR project also
revealed privacy and security concerns [61], while some
participants using Mental.Net were worried about the
confidentiality of the computerized delivery method [54].
Finally, the pilot trial for PRISM revealed that some participants
were concerned about what they would say if other people asked
what the device was for [62].

Engaging and Appealing
Comments relating to the appearance and layout of online and
mobile phone-delivered interventions for SMI were evident in
the included studies [40,49,51,55,56,70,74,82,84]. Many
participants were satisfied with the clarity, layout, and
appearance of the Mental.Net, Beating Bipolar, and WEGWEIS
websites [55,56,84]. The inclusion of interactive components
was generally popular. Participants in the HORYZONS project
felt the interactive modules were fun; however, some were
overwhelmed by the number of components [49]. Participants
valued the interactive components and video and audio features
of Beating Bipolar [56] and ORBIT [74], and recommended
more interactive and video features on the Mental.Net and
WEGWEIS websites [51,55,84]. The visual aids and pictures
in FOCUS received positive comments [40], while participants
liked the interactive mood monitor and flash objects on
MoodSwings [70]. Finally, focus group discussions for LWB
revealed that the idea of an online intervention was popular due
its potential for interactive elements [82].

Peer Support
Online and mobile phone-delivered interventions for SMI
sometimes include the opportunity for remote peer-to-peer
communication. Participants in the HORYZONS project
expressed that they liked the inclusion of social networking
[48,49]; however, participants using Beating Bipolar were
disappointed with the lack of discussion forum activity [58]. In
the modification stage of the Mental.Net website, participants

suggested the provision of a discussion forum [55], while
participants in the LWB focus groups requested the option to
communicate with peers online [82].

Computer and Mobile Phone Literacy and Technical
Issues
Due to the technical nature of online and mobile phone-delivered
interventions, some participants with low technology literacy
may not find interventions delivered in this format acceptable.
A small number of participants using Beating Bipolar reported
low engagement due to poor computer literacy [58], while nurses
in the Mental.Net project noted that disruptions were often
related to insufficient technology skills [54].

Issues relating to technical functioning were also raised as
potentially affecting acceptability. Nurses in the Mental.Net
project felt some sessions were disrupted by technical problems
such as network access [54], while participants in the
modification stage reported technical issues such as inactive
links [55]. Some components in the PCR study did not function
adequately [61], while LWB focus group participants revealed
a reluctance to engage with a website containing technical errors
[82].

Impact of Psychological State on Engagement
Concerns were also raised about the influence of psychological
state on intervention engagement. Some participants involved
in the development of Beating Bipolar and LWB expressed
concerns that people experiencing severe symptoms would not
be able to engage with it [56,82]. In the Beating Bipolar testing
phase, some participants felt their engagement was reduced by
low mood, while others felt that low mood increased their
engagement [58]. Participants who did not complete the BEP
believed this was due to experiencing acute symptoms, which
left them unable to engage [75].

Discussion

The aim of this review was to explore both the hypothetical and
actual acceptability of interventions delivered online and via
mobile phones in SMI. The results support the assertion made
in previous reviews that the actual acceptability of online and
mobile phone-delivered interventions for SMI is relatively high
[28,29,37,38]. However, unique to this review are the findings
demonstrating the hypothetical acceptability of online and
mobile phone-delivered interventions for SMI, potential
predictors of acceptability, and qualitative themes relating to
acceptability. This review also identified that acceptability is
far more complex than just module completion rates and
intervention use, suggesting the need for continued service user
involvement and the inclusion of participant satisfaction ratings
and qualitative interviews to measure acceptability.

The hypothetical acceptability of online and mobile
phone-delivered interventions for SMI generally varied between
studies. However, the relatively low levels of participant interest
in online and mobile phone-delivered interventions evident in
some of the studies indicate that some people with SMI may be
negatively predisposed toward these delivery formats. This
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contrasts greatly with the relatively high levels of actual
acceptability observed in the included studies.

The results from this review also indicated that hypothetical
acceptability was higher for interventions delivered via mobile
phones than for online formats. It is, however, important to
consider these findings in the context of intervention types
proposed. Specifically, studies measuring hypothetical
acceptability primarily examined participant interest in using
mobile phone and online resources to communicate with health
care providers and receive appointment and medication
reminders. Due to the transportable and immediately accessible
nature of mobile phones, it is unsurprising that participants
stated a preference for mobile phone delivery over online.
However, the delivery preferences of more complex,
time-consuming, and interactive interventions such as cognitive
behavioral therapy and psychoeducation remains unknown.
Many people are now able to access online content with relative
ease on their mobile phones; therefore, it is questionable whether
the Internet and mobile phones can be viewed as separate
methods of intervention delivery.

The findings also revealed that few studies investigated whether
demographic and clinical characteristics were predictors of
acceptability. The studies that did investigate the influence of
demographic and clinical characteristics on acceptability
reported no significant relationships [42,45,54,60,63,75,76,86];
however, a few studies did report a significant relationship
[75,76,78,79], or an association at the 10% level [42,86]. In
addition, hypothetical acceptability was higher in studies where
the mean age of participants was <35 years. The varied findings
and limited number of studies prevent us from drawing overall
conclusions, and further research is warranted to investigate
whether demographic and clinical characteristics predict
acceptability.

The review findings also indicated that actual acceptability was
higher for participants who were offered remote online support
than for those who were not supported [75,76,81]. While it is
still too early to know whether acceptability is higher in
supported interventions than in unsupported interventions, our
findings indicate that the provision of remote support is likely
to predict acceptability. While we acknowledge that one of the
key advantages of online and mobile phone-delivered
interventions is the potential reduction in the cost of trained
clinicians, these findings suggest that remote support could be
offered to help increase the acceptability of these approaches.

We were able to compare hypothetical acceptability across
different geographical areas between 2 studies [34,40,43]
(personal communication with D Ben-Zeev, May 2015).
Participants in the United States were more interested in health
care provider check-ins and appointment and medication
reminders than were participants in India. However, interest in
receiving psychoeducation and service information was higher
for participants in India than for those in the United States. The
authors noted that differences between participant interest may
reflect the increased availability of mental health information
resources already available in the United States [43]. Due to the
notable increase in Internet and mobile phone access in
developing countries and papers reporting the potential benefits

of online and mobile phone-delivered interventions in these
nations, research in this area will likely increase at a fast pace
over the coming years [86-89].

Key common themes identified in the qualitative studies
revealed that some participants found the safety and privacy of
online and mobile phone-delivered interventions for SMI
acceptable [48,49], while others were concerned that
confidentiality may be compromised [54,56,58,61]. Many
participants felt that online and mobile phone-delivered
interventions needed interactive components to increase
acceptability and were generally positive about the provision
of online peer support [48,49,51,55,82,84]. Based on participant
feedback, it is advisable for researchers to incorporate interactive
features and social networking components within online and
mobile phone-delivered interventions for SMI. A few concerns
about technology literacy and technical issues were reported;
therefore, researchers should ensure that participants are
comfortable with the chosen format for delivery and that the
delivery method functions well [54,55,58,61]. The qualitative
studies also revealed participant concerns that some people with
SMI may struggle to engage with online and mobile
phone-delivered interventions while experiencing acute
symptoms [56,82]. Researchers should be mindful about the
potential influence of psychological state on acceptability across
the phases of illness.

Strengths and Limitations
This review had several notable strengths. First, the range of
databases we searched and the list of search terms we created
were comprehensive, which ensured that we obtained eligible
studies in the field. Second, the review included studies with
quantitative, qualitative, and mixed-methods designs, thus
enabling a broad and in-depth analysis of the current work in
the field. Third, studies were coextracted on the abstract level
by a researcher independent of the research team to ensure
eligibility criteria were accurate. In addition, our extraction of
the data was systematic and we contacted authors if we required
any further information.

Findings from the studies in this review should be considered
in the context of some limitations. Many of the studies reviewed
measured actual acceptability through module completion rates
and intervention use. The sole use of these measures of
acceptability is problematic due to the potential influence of
other factors, for example, the number of modules available to
complete, the intervention duration, financial incentives for
high completion rates, technical issues with the interventions
delivered, participants’engaging in other activities while logged
in, and time pressures preventing engagement. Therefore,
module completion rates and intervention use are unlikely to
be robust direct measures of acceptability. Across studies,
module completion rates and intervention use were also reported
in different ways, for example, some reported the average
number of modules completed, while others reported the average
duration participants spent accessing an intervention. It is
impossible to determine what value constitutes an “acceptable”
intervention without a universal measurement applied. Future
research is needed to develop more accurate ways to assess
acceptability.
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The majority of the studies we reviewed that measured
hypothetical acceptability asked participants about their general
interest and willingness to use interventions delivered online
and via mobile phones. However, participants were not asked
about their interest in receiving these interventions online or
via mobile phones in comparison with, or in addition to,
face-to-face delivery. Had these questions been phrased
differently, overall hypothetical acceptability may have been
very different. The review findings also highlight the very
limited amount of relevant information regarding predictors of
acceptability being reported in studies. We could not draw
conclusions about the influence of demographic and clinical
characteristics on both hypothetical and actual acceptability.

Issues relating to the heterogeneity of approaches for participant
recruitment are an important consideration for the recruitment
strategies in the field. Specifically, it could be argued that online
recruitment methods may bias the sample toward favorable
attitudes toward online and mobile phone-delivered
interventions, thus increasing levels of acceptability. However,
potential bias toward the acceptability of interventions delivered
via these modalities may also be prevalent in more traditional
routes of recruitment (ie, through service providers and
clinicians). While different recruitment strategies may attract
different samples within the population, broadening intervention
choice and examining acceptability remain important
considerations within the samples identified, regardless of the
recruitment method that is used.

There were also some limitations to the method of analysis we
used. First, the review excluded papers published in a language
other than English. Second, some studies included both
participants with SMI and participants with other mental health
problems such as depression. To combat this issue, we excluded
studies if ≤50% of the total study sample had SMI, so we may
have missed relevant findings for those who did experience
SMI.

Implications and Future Research
Although this review highlights the relatively high acceptability
of online and mobile phone-delivered interventions for SMI, it
also demonstrates the complex nature of acceptability and the
need for continued focus in this area. A recent systematic review
concluded that, rather than concentrating on acceptability,
researchers should instead investigate whether online and mobile
phone-delivered interventions are effective [37]. While efficacy
is undoubtedly important, we argue that acceptability remains
equally important because, ultimately, if an intervention is not
acceptable to service users and relevant stakeholders, people
are unlikely to engage with the approach, thereby directly
affecting efficacy. Based on the findings in this review, we
recommend that research groups measure hypothetical and
actual acceptability of online and mobile phone-delivered
interventions, with an increased focus on the factors that could
influence acceptability.

There were different reporting styles evident in studies detailing
intervention usage, module completion rates, and session
attendance. For example, some studies reported the overall
proportion of participants who used the intervention over the
whole study period, while others reported proportions over

specific weeks during the study period. Therefore, it was not
possible to investigate how the acceptability of online and
mobile phone-delivered interventions changed over time. Future
research should explore and report how intervention usage,
module completion rates, and session attendance change
throughout intervention delivery to determine whether
acceptability of interventions delivered via these modalities
changes across time points.

Module completion rates and intervention use may be indirectly
related to actual acceptability; however, participant satisfaction
ratings and qualitative views provide rich data about
acceptability. These rich data can be used to develop and refine
online and mobile phone-delivered interventions in order to
improve the overall acceptability for people with SMI. The need
to use qualitative analysis to inform the design and development
of interventions delivered online and via mobile phones has
been recognized in protocols for future studies in the field
[90-92]. It is recommended that, if researchers choose to
measure acceptability through module completion rates and
intervention use, satisfaction ratings and qualitative interviews
be conducted to obtain the rich information needed to identify
intervention acceptability. In addition, the use of qualitative
interviews examining what participants feel they have actually
gained from an intervention may help to highlight the specific
areas of their lives that they feel may have been improved by
participating in the intervention.

This review also found that hypothetical acceptability tended
to be low or varied, while actual acceptability tended to be high,
indicating that people with SMI may be initially reluctant to
engage with online and mobile phone-delivered interventions.
However, hypothetical acceptability results are largely limited
and not necessarily directly comparable with the interventions
being delivered. Issues with comparing hypothetical versus
actual acceptability are primarily due to discrepancies in the
types of interventions being explored. Specifically, studies
investigating hypothetical acceptability investigated interest in
using the Internet or mobile phones to facilitate health care
provider contact and medication and appointment reminders,
whereas studies investigating actual acceptability tended to
implement more complex interventions such as cognitive
behavioral therapy and psychoeducation. It is also likely that
the sample of people who were asked about actual acceptability
were already hypothetically open to the idea of receiving online
and mobile phone-delivered interventions. We therefore suggest
that researchers measure acceptability both before (hypothetical
acceptability) and after (actual acceptability) an intervention is
delivered. These measurements will aid the comparison of
hypothetical versus actual acceptability without the limitations
associated with separate samples.

Crucially, this review showed that the majority of the studies
reviewed recruited participants who were already in contact
with mental health services. One of the potential advantages of
the Internet and mobile phones is that they could improve access
to evidence-based interventions for people who are not receiving
support but who need or want it. Therefore, it is important to
investigate whether people who could potentially benefit the
most from online and mobile phone-delivered interventions
actually find these delivery formats acceptable.

J Med Internet Res 2016 | vol. 18 | iss. 5 |e121 | p.156http://www.jmir.org/2016/5/e121/
(page number not for citation purposes)

Berry et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Clearly, interventions delivered online and via mobile phones
do have their place in the provision of self-care for people with
SMI. However, research has yet to identify predictors of
acceptability and whether people who are not engaged with
services also find online and mobile phone-delivered approaches
acceptable. The measurement of both hypothetical and actual
acceptability in future studies would enable the investigation

of the impact of prior expectations on acceptability and potential
changes in acceptability after access. In order to obtain rich data
about acceptability, we recommend the measurement of
satisfaction ratings and participant views and the continued
involvement of service users throughout all aspects of
intervention development and delivery.
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Abstract

Background: The feasibility of telemedicine in diagnosing and treating nonacute headaches, such as primary headaches (migraine
and tension-type) and medication-overuse headaches has not been previously investigated. By eliminating the need of travel to
specialists, telemedicine may offer significant time and money savings.

Objectives: Our objective was to estimate the acceptance of telemedicine and investigate the feasibility and cost savings of
telemedicine consultations in diagnosing and treating nonacute headaches.

Methods: From September 2012 to March 2015, nonacute headache patients from Northern Norway who were referred to
neurologists through an electronic application system were consecutively screened and randomized to participate in either
telemedicine or traditional specialist visits. All patients were consulted by two neurologists at the neurological department in
Tromsø University Hospital. Feasibility outcomes were compared between telemedicine and traditional groups. Baseline
characteristics and costs were then compared between rural and urban patients. Travel costs were calculated by using the
probabilistic method of the Norwegian traveling agency: the cheapest means of public transport for each study participant. Loss
of pay was calculated based on the Norwegian full-time employee’s average salary: < 3.5 hours=a half day’s salary, > 3.5 hours
spent on travel and consultation=one day’s salary. Distance and time spent on travel were estimated by using Google Maps.

Results: Of 557 headache patients screened, 479 were found eligible and 402 accepted telemedicine participation (83.9%,
402/479) and were included in the final analyses. Of these, 202 received traditional specialist consultations and 200 received
telemedicine. All patients in the telemedicine group were satisfied with the video quality, and 198 (99%, 198/200) were satisfied
with the sound quality. The baseline characteristics as well as headache diagnostics and follow-up appointments, and the
investigation, advice, and prescription practices were not statistically different between the two randomized groups. In addition,
telemedicine consultations were shorter than traditional visits (38.8 vs 43.7 min, P<.001). The travel cost per rural individual
(292/402, 73%) was €249, and estimated lost income was €234 per visit. The travel cost in the urban area (110/402, 27%) was
€6, and estimated lost income was €117 per visit. The median traveling distance for rural patients was 526 km (range 1892 km),
and the median traveling time was 7.8 hours (range 27.3 hours). Rural patients had a longer waiting time than urban patients (64
vs 47 days, P=.001), and fewer women were referred from rural areas (P=.04). Rural women reported higher pain scores than
urban women (P=.005).

Conclusion: Our study shows that telemedicine is an accepted, feasible, time-saving, and cost-saving alternative to traditional
specialist consultations for nonacute headaches.

Trial Registration: Clinicaltrials.gov NCT02270177; http://clinicaltrials.gov/ct2/show/NCT02270177 (Archived by WebCite
at http://www.webcitation.org/6hmoHGo9Q)
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Introduction

Nonacute headaches are among the most frequent disorders in
humans [1,2]. The global burden of these headaches (eg,
migraine, tension-type, and medication overuse headaches
(MOH)) account for the most common neurological cause of
disability-adjusted life years and years lived with disability
(45.1% and 69.3% of the total in 2013, respectively) [2,3].
Moreover, nonacute headaches represent a frequent cause of
referrals to neurologic outpatient clinics and are considered to
be a cause of the third largest neurological health cost in Europe,
estimated annually at €43,514 million in 2010 [4,5].

Patients with nonacute conditions need a referral to be accepted
to a specialist consultation according to Norwegian health laws.
Nonacute headaches usually occur for at least four weeks
without any clinical or radiological signs of structural
intracranial pathology [6]. Patients in our study are diagnosed
according to the second version of the International
Classification of Headache Disorders 2 (ICHD-2) [7]. The most
frequent primary headaches are migraines and tension-type
headaches, while an important cause of chronic headache is
MOHs. These also constitute the majority of nonacute
headaches.

Northern Norway’s physical geography is extensive with many
sparsely populated areas. Access to specialist health care
becomes cumbersome, expensive, and time consuming for many
patients because of variable weather conditions. Efforts to
facilitate easier access to specialists for headache patients are
furthermore obstructed by tight health budgets. Accordingly,
the rules and regulations surrounding the practice of
telemedicine in Norway are addressed in a government circular
letter of 2001 [8]. In general, this document states that
consultations, diagnostics, treatments, and safety issues with
telemedicine are governed by the same principles as traditional
face-to-face consultations.

Telemedicine may help reduce the burden for neurological
patients who live in rural or underserved areas [9,10], and it is
considered equal in quality to traditional visits among different
medical professions [11]. Guidelines for telemedicine in a
second opinion for headaches have been suggested [12], but the
feasibility of telemedicine being used as a tool for outpatient
headache specialist consultations has only been addressed in
case series [13-16].

A 2013 review of telemedicine interventions for somatic
diseases found that 23% of papers (7/31) documented
effectiveness or cost-effectiveness and 42% (13/31) showed
promising results [17]. However, the evidence for health costs
and patient acceptability in telemedicine was nonconclusive
according to a 2013 Cochrane review [16]. Lack of such
evidence hampers implementation of new information and
communication technologies at the expense of patients’ needs
[18].

The aim of this study was to evaluate patient acceptance. We
also sought to investigate the feasibility of using telemedicine
in order to hinder access barriers by being independent of the
patient’s and headache specialist’s location. Additionally, our
study also estimated cost savings by consulting headache
patients via telemedicine in the spectrum of headaches referred
from general practice.

Methods

Study Design
Feasibility and economic evaluations are part of an ongoing
open-labeled noninferiority randomized clinical trial
(Clinicaltrial.gov id. NCT02270177). In this trial, specialist
telemedicine visits versus traditional specialist visits for
headache sufferers were compared.

Study Population
The study was conducted in the neurological outpatient clinic
at the University Hospital of Northern Norway in Tromsø city.
This facility serves 190,726 inhabitants in Troms county and
upper Nordland county, which are distributed over an area of

25,877 km2 [19]. People living in areas further toward north,
as in Finnmark and Svalbard, are also served by the same clinic.
Finnmark has 75,605 inhabitants spread over a land area of

48,618 km2, and Svalbard has a Norwegian population of 2180

inhabitants spread over an area of 61,022 km2 [19]. In general,
individuals from Finnmark and Svalbard travel by plane.
Individuals from Troms and Nordland travel by car, bus, or
boat.

We screened all patients who were referred to specialists for
headaches from September 30, 2012 to March 30, 2015. The
inclusion criteria were as follows:

1. Females and males aged ≥16 and ≤65 years

2. Referred to a neurologist for headache diagnostic clarification
and/or treatment

3. Lack of abnormal findings on either clinical neurological
examination, reported by the referring doctor, or by imaging of
the brain suggestive of a secondary cause

4. Waiting time ≤4 months from date of the referral letter

5. Speaking Norwegian language.

To prevent working with patients already diagnosed with
headaches, those who had been evaluated by a neurologist for
2 years before referral were excluded.

The legal age of consent in Norway is 16 years. To reduce the
risk of including patients with secondary headaches and to
recruit from a working population, patients above 65 years of
age were excluded. In general, eligibility criteria were set to
prevent working with participants unsuitable for telemedicine.
Therefore, referrals of acute and secondary headaches, or
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evidence of such, were excluded. For recruitment purposes and
to prevent outdated information in the referral letters, the waiting
time for a consultation was set to 4 months or less. Speaking
the Norwegian language was considered a necessity to ensure
proper and accurate communication.

Recruitment and Randomization
All eligible patients were identified through an electronic
application system present in the distributed information system
and patient system for hospitals from DIPS AS (DIPS) at the
hospital. These individuals received an information letter and
were interviewed by a study coordinator for eligibility criteria,
telemedicine acceptance, and study participation. Individuals
who did not meet the criteria or did not want to participate were
transferred back to the traditional consultation setup. Next,

candidates were called for final information and participation.
Volunteers then received a consent form, a questionnaire, and
a summoning letter. A study coordinator consecutively
scheduled the participants for consultation, and they all met at
the neurological outpatient department at Tromsø University
Hospital.

A study nurse subsequently called the randomization office at
the hospital and followed each patient to the consultation. The
consultations took place between 9 am and 3 pm. Patients were
block randomized by using Microsoft Access. The block sizes
varied among four, six, and eight, and stratification was made
on each neurologist. Furthermore, patient preparation time and
consultation time were recorded. A study flow chart is given in
Figure 1.

Figure 1. Flow of participants through the study.

Equipment
Video consultations were performed by using a videoconference
system (Cisco C40 integrator package, Cisco C40 Integrator
Multisite, Cisco Precision HD 1080p 12xcamera, NEC X551s
55” LED monitor, Audio-Technica ceiling microphones and
JBL LSR2325P active speakers, Integrator Package C40 dual
display option, and Cisco touch-control device for C Series)
that was installed in one office. The neurologist consulted the
patients from two other offices via a Cisco EX60 unit with an
InTouch panel. Moreover, face-to-face consultations were
performed in a traditional manner from the same offices.

Outcome Variables and Measurements
All data, including background variables, were recorded by
structured interviews using an administrative protocol. Nonacute

headaches were categorized according to the diagnosis and
frequency into three groups: <7 days, 7-15, and ≥15 days per
month within the last 3 months before consultation. Headaches
occurring for ≥15 days per month for more than 3 months were
defined as chronic while those occurring for <7 or 7-14 days
were termed episodic [7].

A horizontal visual analog scale (VAS) ranging from 0 to 10,
which has demonstrated validity and reliability for many pain
conditions including headaches, has been in use both in research
and clinical settings [20]. This method was used to measure
headache intensity (0=no pain and 10=worst possible pain).
Measurements were performed by the headache specialist during
consultation, where a six-item headache impact test (HIT-6)
with possible scores from 36-78 was used to assess the impact
of headaches on daily life of the patients. In general, a score
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above 50 is considered high. HIT-6 is validated and reliable for
assessing headache impact with a Cronbach alpha of.89-.90
[21]. In our study, the six items associated with HIT-6 scores
had good reliabilities (all Cronbach alpha=.84). Two experienced
neurologists (Kai Ivar Müller, Svein Ivar Bekkelund) conducted
all the consultations. Meanwhile, the telemedicine participants
were guided out of sight to the consultant.

To evaluate the feasibility (a-i), cost (j-k), and travel savings
(l) of telemedicine in urban and rural patients, the following
outcome variables were selected: (a) eligible patients’
acceptance of telemedicine, (b) dropout rates and causes of
dropouts (medical or technical reasons), (c) participants’
satisfaction with video quality and sound quality (patients were
asked if they were “satisfied” with the video quality and sound
quality after each telemedicine consultation; “Yes” or “No, why
not?”), (d) technical errors with the telemedicine equipment,
and (e) specialist consultation time in minutes. Descriptive
variables included (f) diagnostic investigations (CT, MRI, and
other), (g) nonpharmacologic advices, (h) number of
prescriptions, and (i) follow-up appointments. Cost and travel
variables included (j) cost of travel in euros (€) based on the
Norwegian Patient Travel Agency probabilistic method [22],
(k) estimated loss of income (<3.5 hours=a half day’s salary,
>3.5 hours spent on travel and consultation=one day’s salary),
(l) traveling distance in kilometers and traveling time in hours
as estimated by Google Maps.

The Norwegian Patient Travel Agency calculated the cheapest
means of public transport to and from Tromsø University
Hospital for every patient. We collected the cheapest cost from
the Norwegian Patient Travel Agency from every participating
patient in every municipality of our area. Earnings were
calculated based on the Norwegian full-time employee’s average
salary, which was €4.681 per month in 2014 [23]. We adjusted
all costs to the consumer price index (CPI) January 1, 2015
from Statistics Norway and converted Norwegian kroner into
euros by using the exchange rate of one Norwegian krone per
euro from the Norwegian Bank on December 31, 2014. Since
the telemedicine equipment is in use for many different purposes
at the University Hospital in Tromsø, we did not include the
cost of the equipment, its installation, or its maintenance.

Statistical Analyses
The computer program SPSS version 21 was used to analyze
the data. Continuous variables were tested for normal
distribution with the Shapiro-Wilk test, skewness, and kurtosis.
Normally distributed variables were presented as mean (SD)
and categorical data as numbers and percentages. Independent
sample t-tests were used to compare continuous variables and
chi-square tests were used to compare categorical variables
between groups. Yates’ continuity correction was used for 2 ×
2 tables. In addition, skewed variables are presented as median
and range, while the Mann-Whitney U test was used to compare
continuous variables. All variables were first tested in univariate
models. Statistical significance was defined as P<.05.

Hierarchical multiple linear regression was used to assess the
ability to predict VAS pain scores of patient’s from rural

locations when adjusted for other variables. After sex and age,
only variables that could be associated with changes in pain
scores and that showed significance in the univariate analysis
were selected. Hierarchical multiple linear regression was also
used to assess the ability to predict the waiting time of patients
from rural locations. We adjusted for age, sex, and other
predictors. Furthermore, nonparametric variable waiting time
was log transformed in the regression model. Normal probability
plot (P-P) of the regression standardized residuals, histogram,
and scatterplots were used to assure normality, linearity, and
residual independence as well as to eliminate outliers in both
models. In addition, multicollinearity was checked by tolerance
and variance inflation factor (VIF) in both models.

Consent and Ethical Approval
Oral and written consent from all participants was obtained.
The participants’ mental and physical integrity has been fully
respected and safeguarded in accordance with the Helsinki
Declaration [24]. The study was approved by the Norwegian
National Committee for Medical and Health Research Ethics
(REC), number 2009/1430/REK.

Results

All referred nonacute headache patients (N=557) were screened,
and 402 of 486 (82.7%) candidates were included in the final
analyses (Figure 1). From 409 specialist consultations, 7 (1.7%,
7/409) patients were excluded. Of the eligible individuals,
402/479 (83.9%) accepted telemedicine, 57/479 (11.9%) did
not approve telemedicine, and 20/479 (4.2%) declined specialist
care. One patient in the traditional consultation group was
excluded due to a transient left-sided hemiparesis observed in
his headache history. Second patient was excluded as the
maximum waiting time was exceeded. Also, in the telemedicine
group, one patient was excluded due to a cystic cerebellar lesion
seen on an MRI. Another had ataxia, and the third had suspect
subcutaneous tumors on his scalp. Additionally, one patient had
been seen by a neurologist within a 2-year period prior to the
referral, and another patient was excluded because the consulting
telemedicine room was occupied.

All included patients underwent only MRI/CT brain scan
(205/402 participants, 51.0%), only neurological examination
(46/402, 11.4%), or both (151/402, 37.6%). The study
participants did not differ significantly from the excluded
individuals by sex and age (n=155, P=.17 and .41, respectively).

Migraines (219/402 patients, 54.5%) and probable MOH (73/402
patients, 18.2%) were the most common referral reasons (Figure
2). The most frequent comorbid disorders were chronic neck
pain (188/402, 46.8%) and insomnia (126/402, 31.3%), followed
by hypertension (36/402, 9.0%), asthma (21/402, 5.2%),
depression (18/402, 4.5%), and hypothyreosis (15/402, 3.7%).
Two participants had a history of cerebrovascular disease, and
one had epilepsy. Patients who underwent traditional
consultations did not significantly differ statistically by
demographics and clinical characteristics as compared to the
patients in the telemedicine group (Table 1).
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Table 1. Baseline characteristics of patients with headache who were referred to specialists.

P-valueTraditional N=202TelemedicineN=200Consultation form

Characteristic

.77153 (75.7)148 (74.0)Females, n (%)

.09135 (67.0)117 (58.5)Married/cohabitating, n (%)

.1238.0 (13.7)36.0 (13.0)Age, years, mean (SD)

.2213.8 (3.1)13.5 (3.0)Education, years (SD)

.74125 (61.9)128 (64.0)Employment full time, n (%)

.1919 (9.4)11 (5.5)Unemployed, n (%)

.7962 (30.7)58 (29.0)Sick leave due to headache, n (%)

.51a Headache days/month, n (%)

113120> 15 days

40417-15 days

4939< 7 days

.4964.0 (6.1)64.1 (6.1)HIT-6, mean (SD)

.826.9 (2.1)7.1 (2.2)VAS, mean (SD)

Most prominent headache

.62113 (55.9)106 (53.0)Migraine, n (%)

.198 (4.0)15 (7.5)TTH, n (%)

.8338 (18.8)35 (17.5)MOH, n (%)

.3459 (119)63 (117)Waiting time, days, median (range)

.9683 (437)83 (437)Travel cost per patient €, median (range)

.87234 (117)234 (117)bLost pay per patient, €, median (range)

SD: standard deviation; HIT-6: headache impact test-6; VAS: visual analog scale; TTH: tension type headache; MOH: Medication overuse headache.
aLast 3 months before headache consultation.
bCorresponding to a half day’s salary in the urban area and a day’s salary in rural areas.
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Figure 2. Overview of the most prominent headaches, n=402.

Feasibility Variables
The feasibility variables of the randomized groups are shown
in Table 2. Telemedicine had shorter consultations (P<.001),
especially for men (35.3 vs 43.0 min, P=.001). Men had shorter
telemedicine consultations than women (35.3 vs 40.0, P=.002).
Meanwhile, there were no considerable differences in
consultation time between men and women in the traditional
group (43.0 vs 44.0, P=.63). Other feasibility parameters did
not differ between the groups (P>.05; Table 2). All participants
were satisfied with the video quality, and 198/200 (99.0%) were
satisfied with the sound quality. In the first case, there was no
sound transmission, and the patient had to be consulted through
video and the loudspeaker on the ordinary telephone at the

office. In the second case, the patient felt the sound was too
loud, and the study nurse was called upon to decrease the
volume.

A significantly lower share of women were referred from rural
areas compared with the urban area (P=.04), and the rural
women had significantly higher pain scores (P=.005). A
hierarchical multiple regression model of VAS predictors
showed that sex and probable MOH explained 3.5% of the VAS
variance (P=.003) while the whole model explained 5.1%
(P=.01). For each rural patient, there was a 0.6 increase on the
VAS scale (P=.01) when adjusted for age, sex, and diagnosis
(Table 3). We did not find other significant VAS predictors than
sex, probable MOH, and patient location.
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Table 2. Clinical and feasibility evaluation of telemedicine consultations in patients who were referred to specialists for headaches.

P-valueTraditional, N=202Telemedicine, N=200Consultation form

Clinical variables

.7740 (19.8)43 (21.5)Change in diagnosis, n (%)

.49118 (58.4)109 (54.5)Additional diagnosis, n (%)

.7070 (34.7)74 (37.0)Additional MRI/CT, n (%)

.41170 (84.6)162 (81.0)Nonpharmacologic advice, n (%)

1.00166 (82.2)164 (82.0)Prescriptions, n (%)

.44129 (63.9)136 (68.0)Follow-up by GP, n (%)

1.006 (3.0)6 (3.0)Follow-up by neurologist, n (%)

Outcome variables

NA1 (0.5)2 (1.0)Dropout, medical reasons, n (%)

NA01 (0.5)Dropout, technical failure, n (%)

NANA21 (10.5)Minor technical issues, n (%)

NANA198 (99.0)Satisfied with sound quality, n (%)

NANA200 (100.0)Satisfied with video quality, n (%)

< .00143.7 (12.3)38.8 (9.5)Consultation time, min, mean (SD)

.00143 (13.1)35.3 (8.3)Males, min (SD)

.00244.0 (12.0)40.0 (9.6)Females, min (SD)

.5614.0 (29)14.0 (44)aPreparation to visit, min (range)

GP: general practitioner; NA: not applicable; SD: standard deviation
aThe time used by the nurse before each consultation.

Table 3. Hierarchical linear regression model to assess rural location as a predictor of VAS when controlled for confounders.

P-value95% CIaB (standard error)Step

Step 1

<.0014.649 to 6.9225.786 (.578)Constant

.71-0.19 to .013-.003 (.008)Age

.01.207 to 1.191.699 (.250)Sex

.02.101 to 1.198.649 (.279)MOH

Step 2

<.0014.013 to 6.4275.220 (.614)Constant

.69-.019 to .013-.003 (.614)Age

.002.278 to 1.261.770 (.250)Sex

.02.092 to 1.182.637 (.277)MOH

.01.153 to 1.096.625 (.240)Urban/rural

CI: confidence intervals; MOH: Probable medication overuse headache.
aUnstandardized coefficients.

Patients in the rural group had significantly longer waiting times
for specialist consultations (median=64 days, range=120) than
patients in the urban group (median=47 days, range=112,
P=.001). A hierarchical multiple linear regression model to
assess rural location and predict waiting time after adjusting
parameters for age and sex showed a total variance of 4.4% as
explained by the model (P=.001). Age, sex, marital status,
education, employment, sick leave, HIT-6, migraine, tension

type headache, and probable MOH were insignificant predictors
of waiting time.

Cost and Travel Estimates
A comparison between urban and rural participants is given in
Table 4. The potential of lowest estimated travel cost, loss of
pay, and travel burden compared between urban and rural
patients is summarized in Table 5. Travel cost per patient was
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notably higher in rural areas (outside Tromsø city;
median=€249.0, range=409) as compared with urban areas (in

Tromsø city; €6.0 per patient, P<.001).

Table 4. Characteristics of headache patients from urban and rural areas who were referred to specialists.

P-valuebRural, N=292aUrban, N=110Characteristic

.04210 (71.9)91 (82.7)Females, n (%)

.31183 (72.6)69 (62.7)Married/cohabitating, n (%)

.5437.2 (13.6)36.3 (13.0)Age, years, mean (SD)

.2413.6 (3.0)14.0 (3.0)Education, years (SD)

.95183 (62.7)70 (63.6)Employment full time, n (%)

.3392 (31.5)28 (25.5)Sick leave due to headache, n (%)

c Headache days/month, n (%)

.11171 (58.6)62 (56.4)> 15 days

NA52 (17.8)29 (26.4)7-15 days

NA69 (23.6)19 (17.3)< 7 days

.1564.4 (5.7)63.3 (7.1)d HIT-6, mean (SD)

.8064.7 (5.5)63.9 (6.8)Female HIT-6

.04763.6 (6.0)60.3 (7.9)Male HIT-6

.047.2 (2.1)6.6 (2.4)d VAS, mean (SD)

.0057.5 (1.9)6.6 (2.4)Female VAS

.826.4 (2.4)6.6 (2.3)Male VAS

.00164 (120)47 (112)Waiting time, days, median (range)

aUrban: patients from Tromsø city.
bRural: patients living outside Tromsø city.
cLast 3 months before headache consultation.
dHIT-6: headache impact test-6; SD: standard deviation; VAS: visual analog scale.

Table 5. Cost and travel burden for headache patients from urban and rural areas who were referred to specialists.

P-valuebRural, N=292aUrban, N=110Cost

<.001249 (409)c6
Travel cost per patient, €, median
(range)

<.001234117dLoss of earnings per patient, euro

<.001483123Total cost per patient, euro

<.001526 (1892)12 (69)Travel, kilometers, median (range)

<.0017.8 (27.3)0.4 (1.2)Travel time, hours, median (range)

aUrban: patients from Tromsø city.
bRural: patients living outside Tromsø city.
cThe price of a bus ticket in Tromsø city.
dCorresponding to a half day’s salary in the urban area and a day’s salary in rural areas.

Discussion

Headache Patients’ Acceptability of Telemedicine
There was high level of acceptance for telemedicine, and only
1% (2/200) was unsatisfied with the technical quality of the
consultation in our study. These findings concur with a
2009/2010 survey from a remote area, including 1816
individuals, which reports a social acceptance of telehealth at

77.7% (1356/1745) and a confidence level at 65.8% (1146/1742)
[25]. On the other hand, another survey conducted in 2008 with
a total of 1634 individuals spread over different European
countries shows that 42%-81% (964/1634) of patients with
headache are unsatisfied with their health care [9]. Additionally,
a similar European survey from 2013 shows that 48 %
(929/1935) are unsatisfied with the headache management [9].
The authors concluded that access and availability to health care
had previously not been given enough attention when analyzing
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the burden of headaches [9]. Despite having maintained a strict
maximum waiting time of 4 months in our study, patients from
rural areas waited significantly longer for headache consultations
(Table 4). The potential burden of long and cumbersome
traveling together with difficult journey logistics may explain
this. In these areas, telemedicine may become a countervailing
technology that can remodel access and availability barriers for
headaches.

Telemedicine Feasibility for Nonacute Headaches
Despite the importance of investigating the feasibility of new
technology, only case series exist regarding the use of
telemedicine for new headache referrals [13,14]. Previous
studies had mainly focused on education programs and
follow-up treatments [26-28]. We found that the duration of the
telemedicine consultations was 5 min (11%, 38.8 vs 43.7 min)
shorter than that of traditional consultations. However, there
were no statistical differences between telemedicine visits and
traditional visits with respect to headache diagnoses,
investigations, advices, prescriptions, and follow-up
appointments. Telemedicine caused few dropouts. Minor
technical errors of sound and video transmissions were quickly
dealt with and did not influence the consultations or participants’
satisfaction (Table 2). Almost all patients randomized to
telemedicine completed the study without medical or technical
problems. Due to no statistical differences of feasibility in favor
of traditional consultations, reduced consultation time may also
economically favor telemedicine.

Moreover, most women have more home responsibilities than
men. Reduced consultation time along with less traveling may
therefore also economically favor the patients’ families,
especially in rural areas. Additionally, we found that men had
telemedicine consultations that were almost 5 min shorter than
those of women. This finding may be attributed to the fact that
men have a tendency to consult less than women [29].
Nonetheless, we did not find gender differences in the traditional
group. Safety and quality of shorter consultations should be
evaluated in prospective follow-up studies.

The number of women referred to specialists from rural areas
being lower than those from urban areas and rural women having
been referred seemingly having higher headache burdens may
indicate that rural women consult general practitioners (GPs)
for headaches less often than men. This phenomenon may be a
consequence of long traveling logistics to see a headache
specialist that interferes with women’s working routines and
childcare and home responsibilities. However, headache
intensity remained significant even after adjustment for sex,
employment, education, and age. Different attitudes and referral
practices between rural and urban GPs is another explanation,
but this idea needs further investigation. It is well known that
headaches are underdiagnosed, often misdiagnosed, and
suboptimally treated [30-32].

Cost Savings of Telemedicine Headache Consultations
Among headache patients referred to specialists in Northern
Norway, almost three-fourths of them live in rural areas. For
each of these patients with headache, our analyses showed that
telemedicine consultations may result in a median travel
reduction of €249 as well as a saving of €234, corresponding
to one day’s work (Table 5).

As we calculated the lowest possible journey expenses per
patient, the amount of actual travel costs may be higher.
Previous reviews of literature revealed diverging evidence on
the cost-effectiveness and patient acceptability of telemedicine
[16,33,34]. A cost-consequence study of 2094 patients in a
randomized controlled trial found that joint teleconsultations
referred by GPs to orthopedists, urologists, ear-nose-throat
specialists, gastroenterologists, and other hospital specialists
were more expensive by €138 than traditional visits [35]. Even
then, the study concluded that total costs for patient travel and
loss of pay would be decreased. Meanwhile, in a randomized
controlled trial published in 2001, Chua et al found that
telemedicine was not cost-effective for neurological outpatient
consultations, but none of the patients had headaches [36]. As
expected, our study demonstrated that travel costs are highest
in rural areas, especially in those without specialist coverage.
In Norway, a minimum of traveling expenses is paid by the
patients themselves, which may be tax-deductible, but the
regional health authority covers most of it and is also responsible
for hospital budgets in the region. Reduced travel costs may
allow allocation of more money for treatment.

Advantages and Limitations
A relatively large number of participants, a high response rate,
randomization without statistically significant variation in
demographics, headache characteristics and the burden between
telemedicine and traditional groups (Table 1), and the real-life
recruitment design are the main advantages of the this study.
Although, organizing teleconsultations inside the hospital
provides standardized conditions and promotes internal validity,
it is less realistic than local evaluation of the patients. The fact
that patients participated in a study, having increased confidence
in the treating specialists, may have biased the results. Moreover,
the lack of a placebo control group and blinding should not be
underestimated; however, designing such a study would be
difficult.

Conclusions
Our study supports telemedicine as a socially accepted, feasible,
and cost-saving technology for diagnosing and treating nonacute
headaches. A modern interdependent health care system
providing simpler, faster, and cheaper services for patients with
headache could be implemented. We are obligated to organize
and conduct health care systems efficiently, based more on
patients’ needs than on the traditional paradigms. However, the
quality and safety of employing telemedicine for patients with
headache should be assessed in prospective follow-up studies.
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Abstract

Background: Heart failure (HF) is a chronic condition affecting nearly 5.7 million Americans and is a leading cause of morbidity
and mortality. With an aging population, the cost associated with managing HF is expected to more than double from US $31
billion in 2012 to US $70 billion by 2030. Readmission rates for HF patients are high—25% are readmitted at 30 days and nearly
50% at 6 months. Low medication adherence contributes to poor HF management and higher readmission rates. Remote telehealth
monitoring programs aimed at improved medication management and adherence may improve HF management and reduce
readmissions.

Objective: The primary goal of this randomized controlled pilot study is to compare the MedSentry remote medication monitoring
system versus usual care in older HF adult patients who recently completed a HF telemonitoring program. We hypothesized that
remote medication monitoring would be associated with fewer unplanned hospitalizations and emergency department (ED) visits,
increased medication adherence, and improved health-related quality of life (HRQoL) compared to usual care.

Methods: Participants were randomized to usual care or use of the remote medication monitoring system for 90 days. Twenty-nine
participants were enrolled and the final analytic sample consisted of 25 participants. Participants completed questionnaires at
enrollment and closeout to gather data on medication adherence, health status, and HRQoL. Electronic medical records were
reviewed for data on baseline classification of heart function and the number of unplanned hospitalizations and ED visits during
the study period.

Results: Use of the medication monitoring system was associated with an 80% reduction in the risk of all-cause hospitalization
and a significant decrease in the number of all-cause hospitalization length of stay in the intervention arm compared to usual care.
Objective device data indicated high adherence rates (95%-99%) among intervention group participants despite finding no
significant difference in self-reported adherence between study arms. The intervention group had poorer heart function and
HRQoL at baseline, and HRQoL declined significantly in the intervention group compared to controls.
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Conclusions: The MedSentry medication monitoring system is a promising technology that merits continued development and
evaluation. The MedSentry medication monitoring system may be useful both as a standalone system for patients with complex
medication regimens or used to complement existing HF telemonitoring interventions. We found significant reductions in risk
of all-cause hospitalization and the number of all-cause length of stay in the intervention group compared to controls. Although
HRQoL deteriorated significantly in the intervention group, this may have been due to the poorer HF-functioning at baseline in
the intervention group compared to controls. Telehealth medication adherence technologies, such as the MedSentry medication
monitoring system, are a promising method to improve patient self-management,the quality of patient care, and reduce health
care utilization and expenditure for patients with HF and other chronic diseases that require complex medication regimens.

Trial Registration: ClinicalTrials.gov NCT01814696; https://clinicaltrials.gov/ct2/show/study/NCT01814696 (Archived by
WebCite® at http://www.webcitation.org/6giqAVhno)

(J Med Internet Res 2016;18(4):e91)   doi:10.2196/jmir.5256

KEYWORDS

heart failure; telemonitoring; telehealth; self-management; self-care; complex medication regimens; medication management;
medication adherence; hospitalization length of stay; ED visits

Introduction

Heart failure (HF) affects nearly 5.7 million Americans today,
contributing to 1 in 9 deaths in 2011 [1]. Furthermore, with an
aging population and advancements in survival following acute
cardiac injury, such as myocardial infarction, the burden of HF
is expected to increase by 46% in prevalence between 2012 to
2030, resulting in approximately 8.5 million adults with HF
[1,2].

In addition to its effect on morbidity and mortality, the
management of HF is incredibly expensive, with aggregate costs
projected to grow from US $31 billion to US $70 billion from
2012 to 2030 [2]. Heart failure remains the most frequent cause
of hospitalization in patients older than 65 years [3]. Moreover,
discharged patients often have subsequent complications, with
15-day readmission rates estimated at approximately 13% and
30-day readmission rates at approximately 25%; nearly half of
all patients are readmitted at 6 months [4]. Unfortunately, despite
efforts to improve the quality of HF care, readmission rates
have not improved [4].

Heart Failure Telehealth Interventions
The burden of HF has created a sense of urgency to develop,
optimize, and evaluate programs that can enable more effective
transitions to self-management in patients with HF [5]. A range
of new technologies (eg, high-speed Internet, wireless
connections, small inexpensive sensors) enable the creation and
implementation of new health care intervention strategies to
improve patient self-management and achieve both more
efficient care and better health outcomes [6]. Telehealth is “the
application of technologies to help patients manage their own
illnesses through improved self-care and access to education
and support systems” [6]. Telemedicine, a closely related term,
is the use of technology to deliver care at a distance to improve
access, quality, and cost of care [6]. Telehealth and telemedicine
programs can allow physicians and nurses to reduce face-to-face
time with patients while maintaining the quality and quantity
of care [7,8].

To date, most HF telehealth interventions use noninvasive
remote monitoring (ie, telemonitoring) of patients’body weight
and other measures, including blood pressure, heart rate, blood

oxygen saturation, and patient-reported symptoms [9]. In the
advent of signs of deteriorating health, nurses communicate
with physicians and patients to coordinate changes in treatment
and/or schedule a visit to the clinic [9]. Research has shown
that patients with chronic HF who range in age between 55 and
85 years feel confident and comfortable using telemonitoring
devices [10], which allow them to experience the benefits of
independence, the ability to measure and monitor their vitals,
and to better manage their disease [11].

Meta-analyses of HF telemonitoring trials have been
encouraging [12]. Clark et al [13] found telemonitoring
programs reduced HF-related hospitalization rates by 21% and
all-cause mortality by 20%. They also found significant
improvement in health-related quality of life (HRQoL) in three
of six studies. A meta-analysis of 13 studies found a reduction
in HF-related hospitalization and all-cause mortality over 3 to
15 months follow-up [14]. Klersy et al [15] conducted a
meta-analysis of 20 randomized controlled trials (RCTs) and
12 cohort studies with a median follow-up duration of 6 months
in RCTs and 12 months in cohort studies. They found that
telemonitoring programs were associated with lower mortality
and fewer HF-related and all-cause hospitalizations. Although
a large follow-up RCT conducted by Chaudhry et al [16] failed
to replicate these findings, the most recent meta-analysis of HF
telemonitoring studies conducted in 2015 found improved
outcomes [17] and a number of recent HF telemonitoring trials
suggest the possibility and promise of these technologies to
improve care and clinical outcomes [18-26].

Although many HF telemonitoring interventions have been
found to be useful immediately following hospitalization, their
long-term impacts remain to be fully characterized [9] and the
benefits may decrease over time. For example, Clarke et al [14]
found that the reduced risk of hospitalization seen at 12 months
postdischarge was no longer significant at 15 months. Agboola
et al [18] observed a similar pattern with decreased
hospitalizations at 30 days and at the end of the 4-month
program. However, there was no observed reduction in
hospitalizations at 12 months. Therefore, there is a need to find
alternative telemonitoring strategies and devices that are
effective in helping HF patients to self-manage their medical
condition on a long-term basis.
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Medication Adherence
One key component of HF patient self-management is
medication adherence. Poor medication adherence contributes
to poor quality of life [27] and increased risk of mortality and
morbidity [28], hospitalization [28,29], and high health care
costs [2] among HF patients. Adherence ranging from 2% to
90% has been reported [30,31] with a typical adherence of
approximately 40% to 60% [28,32]. It is estimated that poor
adherence among HF patients contributes to approximately US
$300 billion in health care costs each year [33].

There is widespread agreement that efforts to improve
medication adherence and patient self-care are needed to
improve HF patients’ quality of life and reduce the risk of
hospitalization [34,35]. However, achieving high medication
adherence is difficult in this population for several reasons.
First, adequate adherence for HF patients may be higher than
what is needed to manage other medical conditions. Adequate
adherence is often defined as 80% or greater, but Wu et al [36]
found that daily dose adherence of 88% or greater was required
to achieve longer time to first emergency department (ED) visit
and decreases in hospitalizations and mortality among HF
patients. Second, HF patients are often prescribed a complex
medication regimen consisting of multiple medications to
achieve symptom control, reduce morbidity and mortality, and
to improve quality of life [37,38]. Finally, cognitive deficits
and memory problems, which are more common among older
adults with HF [39,40], make it difficult for patients to
remember to take their medications [29]. Riegal and Knafl [29]
found that impaired cognition was an important factor
interacting with poor adherence and recommend using devices
to remind patients to take their medications. Therefore, a
solution is needed to help HF patients better manage their
medications and remember to take them as prescribed long after
traditional telemonitoring interventions end.

Medication Adherence Telehealth Interventions
An electronic remote medication monitoring system could prove
efficacious in aiding HF patients to adhere to their complicated
medication regimen. Evidence suggests that patient-focused
adherence interventions are more effective in improving
adherence rates than efforts directed at health care provider
behaviors [32]. In fact, many recent remote monitoring
interventions have sought to specifically improve medication
adherence through diverse means, such as increased patient
education and health literacy, provider and pharmacist
consultation, phone-based adherence assessments and positive
behavior encouragement, and electronic reminders. However,
many of these are early phase trials and results are so far met
with cautious optimism. Although many suggest usability and
patient satisfaction, as well as improved adherence measures,
their ultimate effect on health outcomes remains largely
unmeasured and requires further evaluation [32,41,42].

Study Goals
The primary goal of this randomized controlled pilot study is
to compare the MedSentry medication monitoring system versus
usual care in older HF adults in patients who recently completed
a HF telemonitoring program. The MedSentry medication

monitoring system is a novel technology consisting of two parts:
(1) a remotely monitored electronic pillbox that alerts people
when it is time to take their medications and (2) a monitoring
center with advisors who contact patients and caregivers when
medications are not taken. We hypothesized that remote
medication monitoring would be associated with fewer
unplanned hospitalizations and ED visits, increased medication
adherence, and improved HRQoL versus usual care. We also
examined user satisfaction and usability with the MedSentry
medication monitoring system among participants in the
intervention arm.

Methods

Study Design
This pilot study was conducted as a RCT. Participants
randomized to the intervention group used the MedSentry
medication monitoring system for medication management.
Participants randomized to the control group continued to use
their usual medication reminder method. The intervention period
was 90 days. Participants were given the option to enroll in a
second 90-day period in which participants in the control group
used the MedSentry medication monitoring system and
participants in the intervention arm returned to their usual
medication reminder method. The results reported in this paper
examine only the first 90-day intervention period. The initial
goal was to enroll a total of 70 participants with 35 randomized
to each of the two study arms. However, due to slow enrollment,
the study was ended early with 29 participants who completed
enrollment and randomization.

Study Participants
Participants were recruited from a list of HF patients who had
successfully completed a HF telemonitoring program at
Massachusetts General Hospital (MGH) or Brigham and
Women’s Hospital (BWH) and had been hospitalized in the
previous 24 months. Patient lists were reviewed by study staff
to identify potential participants based on other
inclusion/exclusion criteria and, if met, were approved by the
MGH- or BWH-affiliated physician for participation in the
study.

The inclusion criteria for this study were (1) take at least three
and no more than 10 different daily medications, (2) take
medications no more than four specified times each day (ie,
morning, afternoon, early evening, bedtime), (3) able to sort
and manage their own medications, (4) have a telephone or cell
phone, (5) live in the greater Boston area, and (6) speak, read,
and write English. Patients were excluded if they met any of
the following: (1) vision or hearing impaired (ie, unable to hear
an alarm similar to a clock alarm or oven alarm), (2) dementia
or other conditions precluding the participant from providing
informed consent, (3) awaiting revascularization, cardiac
resynchronization, or heart transplant, and (4) terminal illness.

Eligible patients were screened by phone to confirm eligibility
and be informed of the study. Due to the difficulty in scheduling
the device installation, patients who agreed to participate were
randomized during the screening phone call. Participants
assigned to the control group provided consent over the phone
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and were mailed a copy of the consent form and enrollment
questionnaire to complete. Participants assigned to the
intervention group were scheduled for a study visit in which
they completed the informed consent process and were trained
in the use of the MedSentry device. The Partners HealthCare
Institutional Review Board approved all study procedures.

The MedSentry Medication Management System
The MedSentry medication monitoring system consists of two
parts: (1) a remotely monitored electronic device (“device”)
that alerts participants when it is time to take their medications
and (2) a monitoring center with advisors who contact
participants and caregivers when medications are not taken. The
device is installed in the participant’s home and data are
transmitted to the monitoring center via the Internet.

The device is approximately the size of a small microwave oven.
The top of the device consists of a series of small, removable
bins arranged in a 7 by 4 configuration (seven days of the week
and four medication times per day). A lid on the top of each bin
detects when a bin is opened. The bottom of each bin is clear
plastic. Cameras located under the bins transmit an image of
the contents to the monitoring center. During the installation,
participants were trained in how to refill the device with the
medications they were prescribed for each time of day. The
monitoring center was provided a medication list and an image
of the correctly loaded medications for reference.

The MedSentry medication monitoring system uses several
methods to ensure participants take their medications as
prescribed. First, the device provides a visual cue (blue lights
around a bin) and an audio alarm to alert a participant when it
is time to take their medication. If a dose is not taken within 30
minutes, an advisor at the monitoring center calls the participant.
After three attempts over a 45-minute time span to contact the
participant, a voice message is left and a call is placed to an
optional caregiver who has agreed to be contacted and to follow
up with the participant.

Participants were responsible for refilling the device and
communicating medication changes to the monitoring center.
Each week, the monitoring center advisor called to remind
participants to refill the device. When participants refilled the
device, a new image was transmitted and compared at the
monitoring center. Participants were contacted by phone to
correct refill errors. When there was a change in medications,
participants used the “call request button” on the front of the
device to notify the monitoring center of changes. The
monitoring center verified that the pill tray was filled correctly
and updated the medication list and reference image. Monthly
medication adherence reports were sent to the participant’s
physician and caregiver, if requested.

Data Collection and Outcome Measures
Participants in both study arms completed enrollment and
closeout questionnaires (Multimedia Appendix 1). Participants
in the control arm completed and returned questionnaires by
mail. Participants in the intervention arm completed
questionnaires at the installation visit and at closeout when the
device was removed from their home. The enrollment
questionnaire collected data on demographics and baseline

technology use. The closeout questionnaire for the intervention
arm participants included questions to assess satisfaction and
usefulness of the MedSentry device and monitoring services
and their willingness to recommend the device.

The enrollment and closeout questionnaires contained items to
assess changes in medication adherence, health, and HRQoL.
Medication adherence was assessed using a self-reported
measure and data collected by the device. Self-reported
adherence was assessed using a single question from the Medical
Outcomes Study (MOS) [43,44]. Participants were asked, “How
often did you take your medications as prescribed (on time
without skipping doses) during the past 4 weeks?” A
dichotomous measure was created to indicate “nonadherent”
(none, a little, or some of the time) or “adherent” (most or all
the time). A direct measure of medication adherence was derived
using data from the MedSentry device and monitoring center
logs. Adherence for each 30-day period was calculated using
data on the number of pills taken divided by the number of pills
prescribed. If medications were not taken within 1 hour of the
prescribed time, they were coded as “missed” and coded as
“taken” if confirmed by an outreach phone call from the
monitoring center.

Health was assessed using a single item on self-reported general
health status (1=poor to 5=excellent). Depression was assessed
using the 8-item Patient Health Questionnaire (PHQ-8). Each
of the PHQ-8 items is scored from 0 to 3 to generate a total
score from 0 to 24. Generally accepted cut points for depression
severity are 5-9=mild, 10-14=moderate, 15-19=moderately
severe, and 20-24=severe [45]. The PHQ-8 has been found to
be a valid and reliable measure of depression among HF patients
[46]. To assess baseline heart function the New York Heart
Association (NYHA) Functional Classification was extracted
from participants’ electronic medical records for the clinic visit
nearest the study enrollment date. Heart functioning is classified
as one of four levels, ranging from Class I=“no symptoms with
ordinary activity” to Class IV=“unable to carry out any physical
activity without discomfort; symptoms of cardiac insufficiency
may be present even at rest.” When no classification was
recorded in the electronic medical record (EMR), the study
research nurse created a classification based on the clinical notes
recorded nearest the study enrollment date.

Health-related quality of life was measured using the Minnesota
Living with Heart Failure Questionnaire (MLHFQ) [47]. The
questionnaire consists of 21 items that assess the impact of HF
and HF treatment on key physical, emotional, and social
dimensions of a patient’s life during the past four weeks.
Responses are coded from 0=does not apply and 1=very little
to 5=very much. In addition to a total summary score, a physical
subscore and emotional subscore can be created [47,48]. The
instrument has good construct validity and test-retest reliability
[47,49].

Data on hospitalization and ED visits came from two sources.
The primary source was the participants’ EMR. The second
source was a series of questions on the closeout questionnaire
about the type and timing of hospitalization and ED visits during
the 90-day study period. Our analysis focused on unplanned
hospitalizations; therefore, planned hospitalizations were
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excluded from our calculations of hospital visits and days
hospitalized.

Data Analysis
Baseline characteristics were summarized and compared for
both study arms using percentages for categorical variables and
means and standard deviations for continuous variables.
Comparisons on outcome measures between intervention and
control arms at the close of the study were conducted using
unpaired t tests, unpaired proportion test, and the Fisher exact
test. For skewed data (ie, ED visits and days hospitalized),
Wilcoxon rank sum tests were conducted. Descriptive statistics
were used to summarize results on usability and satisfaction
with the MedSentry medication monitoring system. Data
analysis was performed with Stata 14 with an alpha of .05 set
a priori .

Results

Study Flow
Of the 171 patients assessed for eligibility, 29 were randomized
(see Figure 1). Thirteen participants were randomized to the
intervention arm, two participants did not complete the
enrollment process, and 11 completed the study. In total, 16
participants were randomized to the control group; however,
one did not complete the enrollment process and one was
mistakenly randomized to the control group and was excluded
from analysis. Of the 14 enrolled participants, one withdrew
leaving 13 participants who completed the study. Conducted as
an intention-to-treat analysis, we included the participant who
withdrew from the study in the analysis of hospitalizations and
ED visits.

Figure 1. Participant enrollment and inclusion.

Baseline Characteristics
Descriptive statistics for demographics and baseline
characteristics are presented in Table 1. The mean age of
participants was 71.7 years (SD 11.2) and 64% (16/25) were
male. Participants were predominantly white and had one or
more years of college education. Overall, 44% (11/25) were
married, 40% (10/25) lived alone in the household, 64% (16/25)

had used the Internet, and 72% (18/25) had a cellphone. There
were no statistically significant differences in these
characteristics between participants in the intervention and
control arms. Of the 25 participants, 18 (72%) reported they
currently used a medication reminder tool or method.
Seventy-two percent (18/25) of participants were categorized
as “adherent” based on self-reported adherence.
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Table 1. Baseline characteristics of participants and comparison by study arm.

PIntervention (n=11)Control (n=14)Total (N=25)Variables

Sociodemographics

.1968.4 (11.8)74.4 (10.4)71.7 (11.2)Age (years), mean (SD)

.977 (64)9 (64)16 (64)Gender (male), n (%)

.409 (82)13 (93)22 (88)Race (white), n (%)

.504 (36)7 (50)11 (44)Married, n (%)

.744 (36)6 (43)10 (40)Lives alone, n (%)

.417 (63)11 (79)18 (72)Education (≥1 years of college), n (%)

Technology use and attitudes

.386 (55)10 (71)16 (64)Internet user, n (%)

Mobile phone ownership, n (%)

.692 (18)1 (7)3 (7)No mobile phone

7 (64)11 (79)18 (72)Cellphone

2 (18)2 (14)4 (16)Smartphone

Medication adherence

.417 (64)11 (79)18 (72)MOS-Adhere (adherent), n (%)

.417 (64)11 (79)18 (72)Using a medication reminder tool, n (%)

Health status

NYHA Functional Classification, n (%)

.0011 (9)11/13 (85)12/24 (50)Class I

9 (82)1/13 (8)10/24 (42)Class II

1 (9)1/13 (8)2/24 (8)Class III

Class IV

Self-rated health, n (%)

.681 (9)0 (0)1 (4)Poor

5 (46)6 (43)11 (44)Fair

5 (46)5 (36)10 (40)Good

0 (0)2 (14)2 (8)Very good

0 (0)1 (7)1 (4)Excellent

.086.8 (4.5)3.5 (4.6)5.0 (4.8)Depression (PHQ-8), mean (SD)

Health-related quality of life (MLHFQ), mean (SD)a

.1043.7 (25.9)26.2 (23.1)34.3 (25.6)MLHFQ total score

.0321.9 (11.8)10.8 (11.4)15.7 (12.7)MLHFQ physical score

.657.2 (7.7)5.9 (6.2)6.5 (6.7)MLHFQ emotional score

aThe MLHFQ is scored so that higher values indicate an adverse impact on quality of life.

At baseline, intervention participants appeared to have been in
significantly worse health than participants assigned to the
control arm. Intervention participants had more severe HF
symptoms, as assessed using the NYHA Functional
Classification. In the intervention arm, 9% (1/11) were Class I
and 82% (9/11) were Class II compared to controls, which were
85% (11/13) Class I and 8% (1/13) Class II (P=.001). The
MLHFQ physical subscale was significantly worse in the
intervention group compared to controls (mean 21.9, SD 11.8

vs mean 10.8, SD 11.4, P=.03). There were no other statistically
significant differences in baseline characteristics.

Emergency Department Visits and Hospitalizations
Table 2 presents the number of participants who had one or
more ED visits or hospitalizations. There was no statistically
significant difference between study arms in ED visits or for
HF-related and non-HF-related hospitalizations. There were
significantly fewer all-cause hospitalizations among the
intervention group compared to controls. Approximately 9%
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(1/11) of intervention participants were hospitalized one or more
times compared to 50% (7/14) of control participants (P=.04),
a relative risk reduction in hospitalization of approximately
82%. Additional analysis using logistic regression was

conducted to control for baseline differences in NYHA
classification and the MLHFQ physical subscale. However, the
addition of these baseline measures did not improve the fit of
the model and were not significant.

Table 2. Emergency department visits and hospitalizations (one or more occurrences during the 90-day study period) by study arm.

PIntervention, n (%)
(n=11)

Control, n (%) (n=14)Variables

Emergency department visits

.601 (9)3 (21)Heart failure-related

>.993 (27)4 (29)Non-heart failure-related

.683 (27)6 (43)All causea

Hospitalizations

.341 (9)4 (29)Heart failure-related

.341 (9)4 (29)Non-heart failure-related

.041 (9)7 (50)All causea

aSome participants reported both HF- and non-HF-related ED visit or hospitalization; therefore, the percentage of participants with one or more all-cause
ED visits or hospitalizations is lower than the sum of the two types.

Table 3 presents the results comparing the total number of ED
visits, hospitalizations, and length of stay if admitted to the
hospital. The number of ED and hospitalization visits did not
differ significantly between study arms. The intervention arm
had significantly fewer all-cause hospitalization days compared

to the controls (4 vs 34, P=.03) and there was a reduction in the
number of days for HF-related and non-HF-related
hospitalizations, but this did not meet statistical significance
(P=.24).

Table 3. Emergency department visits, hospitalizations, and hospitalization length of stay for both study arms at closeout.

PIntervention (n=11)Control (n=14)Variables

Mean (SD)nMean (SD)n

Emergency department visits

.500.36 (0.67)40.50 (0.65)7All cause

.410.09 (0.30)10.21 (0.43)3Heart failure

.940.27 (0.46)30.29 (0.47)4Non-heart failure

Hospitalizations

.060.18 (0.60)20.57 (0.65)8All cause

.240.09 (0.30)10.29 (0.47)4Heart failure

.240.09 (0.30)10.29 (0.47)4Non-heart failure

Hospitalization length of stay (days)

.030.36 (1.21)42.43 (3.13)34All cause

.200.18 (0.60)21.36 (2.68)19Heart failure

.210.18 (0.60)21.07 (2.06)15Non-heart failure

Medication Adherence
Table 4 presents the results of tests for differences between the
intervention and control arms on medication adherence, health
status, and HRQoL. At study closeout, there was no significant
difference in self-reported medication adherence. The MOS

single-item measure indicated that 67% of participants in the
two study arms were adherent. Objective data on adherence
generated by the MedSentry device used in the intervention
group indicated monthly adherence levels of 94% to 99% after
efforts made by the monitoring center staff to confirm
medications were taken as prescribed.
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Table 4. Medication adherence, health status, and health-related quality of life for both study arms at closeout.a

PIntervention (n=11)Control (n=13)Variables

Medication adherence

.618 (73)9 (69)MOS-Adhere (adherent), n (%)

Adherence, MedSentry device data, mean % (SD)

96.8 (7.2)Total (90 days)

98.7 (2.1)Month 1 (days 1-30)

97.4 (5.0)Month 2 (days 31-60)

94.2 (11.2)Month 3 (days 61-90)

Health status

Self-rated health

.821 (9)0/12 (0)Poor

3 (27)5/12 (42)Fair

6 (55)6/12 (50)Good

1 (9)1/12 (8)Very Good

0 (0)0/12 (0)Excellent

.464.5 (2.6)3.5 (3.6)Depression (PHQ-8), mean (SD)

Health-related quality of life (MLHFQ), mean (SD)b

.00262.2 (20.6)28.2 (22.3)MLHFQ total score

.00129.8 (10.7)11.2 (10.8)MLHFQ physical score

.0311.5 (6.7)5.6 (6.0)MLHFQ emotional score

aMissing cases for some comparisons is because of incomplete responses on the closeout questionnaire.
bThe MLHFQ is scored so that higher values indicate an adverse impact on quality of life.

Health Status and Health-Related Quality of Life
There was no significant difference in self-rated health or in
depression assessed using the PHQ-8. However, the intervention
arm had significantly worse HRQoL as measured using the
MLHFQ and on the two subscales that assessed physical and
emotional dimensions. For example, intervention arm
participants had a mean MLHFQ score of 62.2 (SD 20.6) and
the control arm had a mean of 28.2 (SD 22.3, P=.002).

Usefulness and Satisfaction
A series of questions on the closeout questionnaire were used
to assess the intervention participants’ ratings of the usefulness
of 10 MedSentry medication monitoring system features (see
Table 5). At least 50% of participants ranked all 10 features as

“mostly” or “extremely” useful. The features rated most useful
(based on number of “extremely” useful ratings) were the scan
that ensured the device was loaded correctly, receiving a call if
the wrong medicine was taken, and lights indicating which bin
to open. The two features participants rated as least useful were
the medication adherence reports sent to the participants’
physician and caregiver and the arrows on the device control
panel. Two questions were used to assess whether participants
would recommend or want to continue to use the MedSentry
medication monitoring system if it were available (results not
shown); 70% (7/10) strongly agreed that they would recommend
the MedSentry medication monitoring system to a friend or
family member and 50% (5/10) strongly agreed they would like
to continue to use the MedSentry medication monitoring system
if it was made available.
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Table 5. Usefulness of MedSentry medication monitoring system features (n=11).a

ExtremelyMostlyA littleNot at allDid not useUsefulness items

8 (73)1 (9)1 (9)1 (9)0 (0)Scan to ensure meds loaded correctly

7 (64)1 (9)2 (18)0 (0)1 (9)Receiving a call if removed wrong meds

7 (64)1 (9)3 (27)0 (0)0 (0)Glowing bins for meds to take

6 (55)3 (27)1 (9)0 (0)1 (9)Alarm if wrong bin opened

6 (55)2 (18)2 (18)1 (9)0 (0)Receiving a call if missed meds

6 (55)3 (27)2 (18)0 (0)0 (0)Ring tone reminder to take meds

5 (46)2 (18)1 (9)2 (18)1 (9)Reminder messages on control panel

4 (36)3 (27)2 (18)1 (9)1 (9)Call button to request a call

4 (36)3 (27)0 (0)0 (0)4 (36)Reports sent to doctor and caregiver

2 (33)1 (17)0 (0)0 (0)3 (50)The arrows on the control panel (n=6)

aMissing cases for some comparisons was because of incomplete responses on the closeout questionnaire. Percentages may not total to 100 due to
rounding error.

Discussion

This study explored the effects of the MedSentry medication
monitoring system, a remote medication management system
among HF patients. We hypothesized that remote medication
monitoring would be associated with fewer hospitalizations and
ED visits, increased medication adherence, and improved
HRQoL compared to usual care. We further sought to assess
user satisfaction and usability among participants in the
intervention arm.

The first hypothesis was that the MedSentry medication
monitoring system would be associated with fewer
hospitalizations and ED visits compared to usual care. There
were a significantly lower number of all-cause hospitalizations
in the intervention arm relative to the controls. In the
intervention arm, approximately 9% (1/11) were hospitalized
one or more times compared to 50% (7/14) in the control arm,
a reduction in the relative risk of approximately 82%.
Furthermore, there were a significantly lower number of
all-cause days hospitalized in the intervention arm compared
to controls and fewer HF and non-HF days hospitalized in the
intervention arm compared to controls, although this difference
did not reach statistical significance. However, there was no
statistically significant difference in the number of ED visits.

The reduction in the days hospitalized is encouraging given the
small sample size of this pilot study and the relatively poorer
health of the intervention participants compared to the controls.
Previous studies examining the effects of HF telemonitoring
interventions have been mixed. A recent large scale RCT found
no significant reduction in hospitalization and ED visits [16],
whereas systematic reviews [15,17] and smaller studies have
found positive effects [19,22-26]. This variation is likely due
to differences in the type of telemonitoring intervention,
inclusion criteria and variations in the health of patients enrolled
in the programs, and real-world differences in implementation
of research studies across multiple clinics and sites [9]. A recent
analysis of a standard-of-care HF telemonitoring program,
combined with telephone nursing support, was found to be
associated with a reduction in hospitalization rates and mortality

up to 120 days postdischarge compared to controls, which
marked the end of the telemonitoring program [18]. However,
8 months later there was no difference between those who
participated in the program and matched controls. Thus, there
is reason to believe that telemonitoring systems can substantially
reduce health care utilization following HF-related
hospitalization if systems are well integrated with existing care
delivery and targeted toward patients at risk. Additionally,
existing telemonitoring systems could be complemented by
other interventions strategies to extend telemonitoring beyond
90 to 120 days, which is typical of most programs.

Objectively measured medication adherence in the intervention
group ranged from 94% to 99%, as measured by data generated
directly by the devices. However, the intervention did not
improve medication adherence as measured by self-report (ie,
MOS). The observed lack of improvement may be due to the
lack of reliability in using self-reports as a measure of true
adherence. For example, in a previous study, researchers found
similar self-reported adherence rates (ie, 72%) but objectively
measured adherence as low as 54% when comparing the
single-item MOS adherence measure to objective measurements
using a medication event monitoring system (MEMS) among
HF patients [28]. Thus, it is possible that participants
overestimated their level of adherence at baseline and may have
underreported adherence rates at closeout because they were
alerted each time they erred in taking or refilling their
medication. In fact, over the course of the study, the monitoring
center detected weekly refill errors of 62%, which required calls
to participants to correct. Second, at baseline, 72% of patients
were using some form of medication reminder system and all
participants had completed a telemonitoring intervention.

In our review of the literature, we were unable to find studies
evaluating telemonitoring interventions to improve medication
adherence for HF patients or patients with complex medication
regimens. However, a meta-analysis of other types of medication
adherence interventions for HF patients’ found, overall, that
programs have a modest effect, especially when the focus is on
patients and their medication-taking behaviors [32]. This
meta-analysis also found that a focus on interventions aimed at
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modifying one patient behavior are more effective in increasing
adherence than interventions addressing multiple behaviors.
This suggests that innovative telemedicine medication adherence
interventions may prove especially effective due to the small
number of new behaviors (ie, refilling the device) required by
patients and the support provided by the monitoring center staff
to guide patients in correcting refill errors, which were found
to be considerable in number.

The third hypothesis was that the MedSentry medication
monitoring system would be associated with improved HRQoL.
In contrast, we found the opposite effect—participants in the
intervention arm had a significantly poorer HRQoL at closeout
than the control arm as measured using the MLHFQ physical
subscale. However, this deterioration in HRQoL might be due
to differences in HF status between the two study arms at
enrollment. Participants in the intervention arm had significantly
poorer HF-related health, as classified by the NYHA Functional
Classification and the MLHFQ physical subscale. Thus,
intervention arm participants appear to have more severe HF
than the control arm participants and this may have contributed
to a greater decline in health and HRQoL compared to control
arm participants over the course of the study.

Finally, this study assessed usability and patient satisfaction
related to using the MedSentry medication monitoring system.
Users rated the device highly, with at least half of all participants
ranking each listed feature as “mostly” or “extremely” useful,
and a majority strongly agreeing they would recommend the
MedSentry medication monitoring system to a friend or family
member. Patients liked the features of the device that promoted
supervised engagement, such as the light indicating which bin
to open and the scan to ensure correct loading. Although users
liked the idea of receiving a call if they took the wrong
medication, they were less amenable to the idea of adherence
reports being sent to their doctor and caregiver.

Limitations
Despite the strengths of using a randomized controlled study
design to evaluate the effect of the intervention, there are
limitations to this study that should be considered when
interpreting results. First, the size of the sample is small and
the power to detect differences at baseline and closeout is low.
Unfortunately, recruitment was slow and the study was ended
early before achieving the original goal of 35 participants per
study arm. Future research is needed with a larger sample size
to ensure statistical power to evaluate primary and secondary
outcomes. One reason many patients declined to participate, or
were not approved by physicians, was due to a belief they were
managing their medications adequately. Research shows this is

often not the case and efforts to further educate providers and
patients about this fact may improve enrollment rates.

A second limitation is that self-reported measures of medication
adherence are not the best method to assess the effect of remote
medication management systems on adherence. When possible,
a study design using a MEMS to objectively track medication
adherence in the control arm would be preferable to self-reports.
Unfortunately, this is difficult to accomplish because no devices
exist that make it easy to track the multiple medications that
most HF patients have been prescribed. One alternative might
be to use a “dummy” device that is similar in design to the test
device, but lacks the reminders and alerts and is used only for
tracking medication adherence.

Finally, a third limitation is that participants in our two study
arms differed significantly in NYHA classification and HRQoL.
We found that controlling for these differences using logistic
regression models did not change our results. However, future
research using a larger sample and/or inclusion/exclusion criteria
that is more narrowly defined regarding HF condition at
enrollment would be useful in creating a sample that is better
balanced on baseline characteristics.

Conclusion
The MedSentry medication monitoring system is a promising
technology that merits continued development and evaluation.
Most existing telemedicine HF interventions monitor vital signs
and self-reported symptoms for 30 to 90 days postdischarge,
whereas the MedSentry medication monitoring system provides
a relatively low-cost means to remotely monitor HF patients’
medication adherence. The home device is used to remind
patients when they should take their medications and the
innovative use of cameras to monitor the contents of each
medication bin enables advisors at the remote monitoring center
to follow-up with patients by phone if there are missed
medications or refill errors. As a standalone system, we found
that the use of the MedSenty medication monitoring system
was associated with an 80% reduction in the risk of unplanned
all-cause hospitalization and a significant decrease in the number
of unplanned all-cause days hospitalized in the intervention arm
compared to usual care. The MedSentry medication monitoring
system may be useful both as a standalone system for patients
with complex medication regimens or used to complement
existing HF telemonitoring interventions. Telemonitoring
medication adherence technologies, such as the MedSentry
medication monitoring system, are a promising method to
improve the quality of patient care and reduce health care
utilization and expenditure for patients with HF and other
chronic diseases that require complex medication regimens.
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Abstract

Background: We have shown that a fourth-generation telehealth program that analyzes and responds synchronously to data
transferred from patients is associated with fewer hospitalizations and lower medical costs. Whether a fourth-generation telehealth
program can reduce all-cause mortality has not yet been reported for patients with chronic cardiovascular disease.

Objective: We conducted a clinical epidemiology study retrospectively to determine whether a fourth-generation telehealth
program can reduce all-cause mortality for patients with chronic cardiovascular disease.

Methods: We enrolled 576 patients who had joined a telehealth program and compared them with 1178 control patients. A Cox
proportional hazards model was fitted to analyze the impact of risk predictors on all-cause mortality. The model adjusted for age,
sex, and chronic comorbidities.

Results: There were 53 (9.3%) deaths in the telehealth group and 136 (11.54%) deaths in the control group. We found that the
telehealth program violated the proportional hazards assumption by the Schoenfeld residual test. Thus, we fitted a Cox regression
model with time-varying covariates. The results showed an estimated hazard ratio (HR) of 0.866 (95% CI 0.837-0.896, P<.001;
number needed to treat at 1 year=55.6, 95% CI 43.2-75.7 based on HR of telehealth program) for the telehealth program on
all-cause mortality after adjusting for age, sex, and comorbidities. The time-varying interaction term in this analysis showed that
the beneficial effect of telehealth would increase over time.

Conclusions: The results suggest that our fourth-generation telehealth program is associated with less all-cause mortality
compared with usual care after adjusting for chronic comorbidities.

(J Med Internet Res 2016;18(5):e102)   doi:10.2196/jmir.5718

KEYWORDS

cardiovascular diseases; telemedicine; all-cause mortality; outcome assessment (health care)

Introduction

Cardiovascular disease (CVD) is a major health burden
worldwide [1,2]. To improve the efficacy and reduce the burden

on the health care system, telemonitoring technology has been
applied to the disease management program for chronic CVD.
The mortality benefit of the telehealth program for chronic heart
failure has been demonstrated repeatedly [3,4]. Telemedicine
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has also been shown to improve the control of vascular risk
factors among patients with established cardiovascular diseases
[5]. However, the evidence for the long-term (more than 1 year)
benefits of a telehealth program in other chronic cardiovascular
diseases is inadequate. A randomized controlled trial of a
telehealth program using a nonimmediate data analysis system
for 1 year resulted in increased mortality among elderly patients
with chronic diseases [6]. This result raised a serious concern
about the use of telehealth programs in managing patients with
chronic CVD.

Because of the technologies adopted, different telehealth care
programs provide different levels of care integration. Based on
the integration of care, Anker and coworkers [7] classified
telehealth programs into four generations. The fourth, or newest,
generation of telehealth programs provides the continuous
presence of a physician and nursing staff to analyze and respond
synchronously to newly acquired patient data. We have shown
in our prior studies that our fourth-generation telehealth care
program was associated with a lower rate of emergency
department visits and hospitalizations among patients with
chronic CVD [8,9]. However, the long-term impact of a
fourth-generation telehealth program on mortality among
patients with chronic CVD has not yet been reported in the
literature.

Based on our previous reports, we hypothesized that a
fourth-generation telehealth program could reduce mortality in
patients with chronic CVD. To test this hypothesis, we
retrospectively analyzed the all-cause mortality data among 576
patients with chronic CVD who received the telehealth care
program and 1175 patients who did not receive telehealth care.

Methods

Study Design
This was a single-center, clinical retrospective epidemiologic
study and was approved by the Institutional Review Board of
National Taiwan University Hospital, Taipei, Taiwan. All
experiments in this study were performed in accordance with
relevant guidelines and regulations. Informed consent was
obtained from all participants.

Recruitment
The study was conducted from December 2009 to April 2013
at the Telehealth Center of the hospital, and conducted by the
Taiwan ELEctroHEALTH study group (TELEHEALTH study
group). The original study method has been described previously
[8]. The flow diagram of patient enrollment is shown in Figure
1. Briefly, patients older than 20 years with chronic CVD
receiving the telehealth program at our telehealth center were
enrolled as the study group. The decision for receiving the
telehealth program was depended on patients and/or their
caregivers. Chronic CVD included coronary artery disease
(CAD), myocardial infarction, heart failure, peripheral artery
disease (PAD), stroke, and hypertension. The control group
included participants who visited our cardiovascular center
during the same period, but did not participate in the telehealth
care program (received usual care only). The exclusion criteria
in this study (for both telehealth group and control group)
included: (1) younger than 20 years, (2) patients without any
one of chronic cardiovascular diseases, and (3) patients not
followed in our hospital. After excluding ineligible patients, a
total of 576 cases and 1178 controls were enrolled in this study.

Figure 1. The flow diagram of patient enrollment.
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Telehealth Care Program
The fourth-generation telehealth program at our telehealth center
is a synchronized and integrated remote management program
for chronic diseases. The Internet-based platform was developed
by the Graduate Institute of Biomedical Electronics and
Bioinformatics, National Taiwan University, Taiwan. The details
of this program have been reported previously [8]. Briefly, this
telehealth program provides the following services: (1) biometric
data, including single-lead electrocardiography, blood pressure,
heart rate, and oximetry, are transferred from patients to our
telehealth center daily and on-demand; (2) nurse case managers
telephone patients daily and on-demand for communication and
health promotion; (3) full-time nurse case managers and
cardiologists are in charge of care 24 hours a day; and (4)
long-term medication and management are discussed with the
patients’ primary care physician after acute events. This
telehealth program bridges acute and home care and emphasizes
education, prevention, and early detection of clinical
deterioration.

Usual Care
Patients in the control group received the usual care provided
by the primary care physicians at our cardiovascular center
according to updated guidelines including, but not limited to,
the American Heart Association’s guidelines for lifestyle
modification and primary prevention to reduce cardiovascular
risk, guidelines for the management of stable ischemic heart
disease, and the American Diabetes Association’s guidelines
for the management of diabetes. Patients made routine outpatient
department visits (once every 3 months) to their primary care
physicians. There was no contact between the telehealth center
and patients receiving usual care.

Data Collection
All demographic and clinical data were obtained from the
electronic database of the hospital. The diagnosis of a chronic
disease was based on the electronic database. The discharge
diagnosis was used if the outpatient and discharge diagnoses
disagreed.

The primary outcome of this study was all-cause mortality.
Mortality data were obtained from the death certification
database in the Department of Statistics, Ministry of Health and
Welfare, Taiwan.

Statistical Analysis
Statistical analysis was performed using the R version 2.14.0
software (R Foundation for Statistical Computing, Vienna,
Austria). A two-sided P value ≤.05 was considered statistically
significant. The continuous variables are presented as mean
(SD), whereas categorical variables are presented as frequency
and percentage. In univariate analysis, the potential predictive
factors of all-cause mortality were examined by the chi-square
test, Fisher exact test, two-sample t test, or Wilcoxon rank sum
test as appropriate for the data type. Next, multivariate analysis
was conducted by fitting the Cox proportional hazards model
to estimate the adjusted effects of predictive factors on time to
all-cause mortality.

To ensure the quality of analysis, the model-fitting techniques
for (1) variable selection, (2) goodness-of-fit assessment, and
(3) regression diagnostics were used in our regression analyses.
Specifically, the stepwise variable selection procedure (with
iterations between the forward and backward steps) was applied
to obtain the candidate final Cox proportional hazards model.
All the univariate significant and nonsignificant relevant
covariates listed in Table 1 of Ho et al [8] (eg, age, sex, and
comorbidities) and some of their interactions were put on the
variable list to be selected. The significance levels for entry and
for stay were set to .15 to be conservative. Simple and multiple
generalized additive models (GAMs) of the binary response
(1=dead vs 0=alive) were fitted to detect nonlinear effects of
continuous covariates and identify appropriate cut-off point(s)
for discretizing them, if necessary, during the stepwise variable
selection procedure. Then, with the aid of substantive
knowledge, the best candidate final Cox proportional hazards
model was identified manually by dropping the covariates with
P>.05 one at a time until all regression coefficients were
significantly different from zero. Any discrepancy between the
results of the univariate analysis and multivariate analysis was
likely due to the confounding effects of uncontrolled covariates
in univariate analysis or the masking effects of intermediate
variables (or mediators) in the multivariate analysis.

Finally, the statistical tools of regression diagnostics for
verification of proportional hazards assumption, residual
analysis, detection of influential cases, and check of
multicollinearity were applied to discover any model or data
problems. The required proportional hazards assumption was
tested based on the scaled Schoenfeld residuals. We added
interaction terms between time (days) and the covariates that
violated the proportional hazards assumption into the Cox
proportional hazards model to examine their time-varying effects
on all-cause mortality in the stepwise variable selection
procedure. Technically, the original wide-form survival data
were reconstructed into a long-form data structure using the
so-called counting process style of input for fitting such Cox
regression models. Numbers needed to treat was estimated based
on the hazard ratio of telehealth program [10].

Results

Descriptive Statistics
A total of 1754 patients (576 in the telehealth group and 1178
in the control group) were enrolled in this study (Figure 1). The
baseline characteristics were reported previously. Briefly, the
mean age was 64.5 (SD 16.0) years and 61.17% (1073/1754)
were male. At baseline, age, sex, and Charlson comorbidity
index (1.35 in telehealth group vs 1.21 in the control group,
P=.07) were comparable between the two groups. In the
telehealth group, however, there were more patients with CAD
(243/576, 42.2% vs 392/1178, 33.28% in telehealth group vs
control group, respectively), heart failure (112/576, 19.4% vs
186/1178, 15.79%), stroke (71/576, 12.3% vs 110/1178, 9.34%),
dementia, chronic obstructive pulmonary disease, diabetes, and
peptic ulcer disease (Table 1 in [8]). The median follow-up time
was 566 (IQR 349-807) days for the telehealth group and 1074
(IQR 524-1280) days for the control group. During the follow-up
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period, there were less hospitalizations (mean 0.05, SD 0.12
per month vs mean 0.11, SD 0.21 per month, P<.001) and
emergency department visits (mean 0.06, SD 0.13 per month
vs mean 0.09, SD 0.23 per month, P<.001) in the telehealth
group compared with the control group. The outpatient visit
times were comparable between the two study groups (mean
1.57, SD 1.12 per month vs mean 1.66, SD 1.78 per month,
P=.75).

Survival Outcome
There were 53/576 (9.3%) deaths in the telehealth group and
136/1178 (11.50%) deaths in the control group. The
Kaplan-Meier survival curve is shown in Figure 2. The estimated
survival curves of the two study groups were similar during the
follow-up period (log rank test: P=.81). Because the baseline
comorbidities were heterogeneous and the follow-up durations

differed between the two study groups, Cox proportional hazards
analyses were performed. A proportional hazards assumption
was tested for each variable using the Schoenfeld residuals test.
The result showed the proportional hazards assumption was
violated for the telehealth program (Table 1). The time-varying
telehealth program effect was then applied to the Cox regression
model to examine its effect on mortality. The time-varying Cox
regression analysis revealed a hazard ratio (HR) of 0.866 (95%
CI 0.837-0.896, P<.001) for the telehealth program on all-cause
mortality. The time-dependent interaction term in this Cox
regression analysis indicated that the beneficial effect of the
telehealth program on the HR would increase over time. Thus,
the estimated numbers needed to treat for the telehealth program
to prevent one death at 1, 2, and 3 years were 55.6, 40.5, and
27.7, respectively (Table 2).

Table 1. The estimated adjusted hazard ratios for the clinical predictors of all-cause mortality obtained from a multivariate Cox regression model.

PHR (95% CI)Clinical predictors

<.0011.019 (1.018-1.021)Age (years)

<.0011.890 (1.810-1.974)Age > 69.809 (years)

<.0010.837 (0.788-0.889)Age > 69.809 (years) × telehealth program

<.0011.152 (1.125-1.179)Male

<.0010.866 (0.810-0.926)Telehealth program

<.0010.9997 (0.9996-0.9998)Telehealth program × time-to-mortality (days)

<.0011.941 (1.891-1.992)Heart failure

<.0011.097 (1.051-1.146)Myocardial infarction

<.0010.843 (0.823-0.865)Coronary artery disease

<.0010.824 (0.786-0.864)Peripheral arterial disease

<.0011.204 (1.115-1.301)Dementia

<.0011.147 (1.107-1.189)Chronic obstructive pulmonary disease

<.0011.949 (1.784-2.130)Connective tissue disease

<.0011.263 (1.187-1.344)Liver disease, mild

<.0011.876 (1.663-2.117)Liver disease, moderate to severe

<.0011.291 (1.259-1.325)Diabetes mellitus

<.0010.775 (0.713-0.843)Diabetes mellitus with end organ damage

<.0012.362 (2.295-2.430)Chronic kidney disease, moderate to severe

<.0013.403 (3.313-3.496)Malignancy

<.0012.816 (2.644-3.000)Malignancy with metastasis

<.0011.260 (1.196-1.328)Peptic ulcer disease

Table 2. The estimated numbers needed to treat at various times after telehealth program (based on the hazard ratio of the telehealth program).

95% CINumber needed to treatTime from treatment

43.2-75.755.61 year

31.8-54.740.52 years

22.0-37.027.73 years
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Figure 2. The Kaplan-Meier estimate of the survival curves for all-cause mortality.

Discussion

Principal Results
The major finding of this study is that our fourth-generation
telehealth program was associated with lower all-cause mortality
after controlling for multiple comorbidities among patients with
chronic cardiovascular disease. Prior studies on the effects of
telehealth programs on all-cause mortality among patients with
chronic diseases revealed mixed results [11-13]. This study
demonstrated the clear benefits of a newer generation of
telehealth care among a population with a broader range of
cardiovascular diseases during a longer follow-up duration. In
addition, our prior study demonstrated that a fourth-generation
telehealth program was independently associated with lower
numbers of emergency department visits, hospitalizations, and
medical costs (US $587.60 vs US $1163.60 per month in the
telehealth and control groups, respectively, P<.001) [8]. Based
on this result and on our previous reports, our data show a
fourth-generation telehealth program is cost-effective and
lifesaving.

Comparison With Previous Work
Among patients with chronic heart failure, the beneficial effect
of telehealth care on all-cause mortality has been repeatedly
demonstrated in studies [3,4]. The effect of telehealth care
among patients with a broader range of chronic comorbidities,
however, is still controversial. In the Whole System
Demonstrator (WSD) study including 3230 participants with
diabetes, chronic obstructive pulmonary disease, or heart failure,
a second-generation telehealth program was related to lower
all-cause mortality [12]. In a recent study conducted by the
Mayo Clinic on 205 frail, older adults with a broader range of
chronic diseases, a second generation of telemonitoring resulted

in higher mortality compared with usual care [6]. Several factors
may contribute to the contradictory results between these two
studies and our own studies.

First, the telehealth program has changed over time. Early
telemonitoring systems used asynchronous techniques to record
and process the collected subjective symptoms and physiological
data. A response to the data collected could take more than 1
day during the off hours. This newer system uses a synchronous
technique to respond to the information received to act in a
timely manner. Through quick communication, more accurate
diagnoses and decisions can be made. Second, the age of the
study participants differs. The mean ages in the studies were
80.3 years in the Mayo study, 70.3 years in the WSD study, and
64.5 years in our study. The potential barriers for elderly
participants to effectively use a telehealth program include a
lack of skill to operate a new device, psychological resistance
to new technology, and the presence of more comorbidities.
Third, the comorbidity profiles also differed. The reported
chronic comorbidities were as follows: a mean Charlson score
of 2.9 in the Mayo study, a mean number of chronic conditions
of 1.8 in the WSD study, and a mean Charlson score of 1.3 in
our study. In a meta-analysis on the effectiveness of
telemonitoring for four chronic conditions, the results were
more consistent for cardiac and pulmonary conditions compared
with diabetes and hypertension [14]. Whether or not telehealth
programs are effective for all types of chronic conditions is still
unknown. The difference in the telemonitoring technology, age,
and comorbidities may contribute to the different results from
the three studies. These differences warrant further investigation
in the future.

Our study found that the effect of the telehealth program on
mortality was time dependent; namely, that the beneficial effect
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increased with longer follow-up durations. Although an
increasing benefit on mortality has not previously been reported,
an increasing benefit on other surrogate endpoints has been
noted previously. In a study of telemedicine conducted with
elderly Medicare patients, glycated hemoglobin (HbA1c) and
blood pressure levels were lower after the follow-up for 5 years.
The difference between the telemedicine and control groups
increased further at 5 years [15]. It is plausible that the
continuous improvement in the control of chronic conditions,
including hypertension and hyperglycemia, gradually led to a
benefit in mortality. Moreover, continuous education via daily
telephone communication could have improved the knowledge
and techniques used by the caregivers. Through repeated
discussion of the condition, caregivers learn to better manage
the acute exacerbation. This may also have contributed to further
improvements in outcomes during the follow-up period.

The paradoxical associations of CAD and PAD with lower
all-cause mortality found in our data were unexpected. Plausible
explanations of these survival paradoxes included chance or
unmeasured residual confounding factors, especially effective
treatment for CAD and PAD. In a recent large cohort of 102,023
patients with stable CAD, a history of percutaneous coronary
intervention or coronary artery bypass graft in the past 6 months
were associated with hazard ratios of 0.651 and 0.516,
respectively, on all-cause mortality [16]. It is possible that our
results reflect the unmeasured treatment effect of these two

diseases. In addition, the patients in our telehealth group had
higher rates of CAD and PAD compared with those in the
control group. Although we had evaluated the collinearity
between different predictors with the variance inflation factor,
it is still possible that the paradoxical protective effect reflected
the protective effect of the telehealth program, rather than the
effect of CAD or PAD.

Limitations
Our study has some limitations. First, because our study was
not a randomized study, unmeasured confounding factors might
have influenced the results. Second, because our study compared
the whole service program and not any single monitoring device
or physiological parameter, the effect of each device or
parameter on mortality cannot be assessed separately. Third,
because all-cause mortality instead of mortality from specific
causes was used in this study, we cannot draw a definite
conclusion regarding the effects of telehealth monitoring on
specific causes of death. Finally, the numbers needed to treat
is estimated based on the hazard ratio of the telehealth program.
This may lead to overestimating the numbers needed to treat.

Conclusions
Our data suggest that a fourth-generation telehealth program is
independently associated with lower all-cause mortality among
patients with chronic CVD and multiple comorbidities.
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Abstract

Background: With the emergence of data generated by patient-powered research networks, it is informative to characterize
their correspondence with health care system-generated data.

Objectives: This study explored the linking of 2 disparate sources of real-world data: patient-reported data from a patient-powered
research network (PatientsLikeMe) and insurance claims.

Methods: Active patients within the PatientsLikeMe community, residing in the United States, aged 18 years or older, with a
self-reported diagnosis of multiple sclerosis or Parkinson’s disease (PD) were invited to participate during a 2-week period in
December 2014. Patient-reported data were anonymously matched and compared to IMS Health medical and pharmacy claims
data with dates of service between December 2009 and December 2014. Patient-level match (identity), diagnosis, and usage of
disease-modifying therapies (DMTs) were compared between data sources.

Results: Among 603 consenting patients, 94% had at least 1 record in the IMS Health dataset; of these, there was 93% agreement
rate for multiple sclerosis diagnosis. Concordance on the use of any treatment was 59%, and agreement on reports of specific
treatment usage (within an imputed 5-year period) ranged from 73.5% to 100%.

Conclusions: It is possible to match patient identities between the 2 data sources, and the high concordance at multiple levels
suggests that the matching process was accurate. Likewise, the high degree of concordance suggests that these patients were able
to accurately self-report their diagnosis and, to a lesser degree, their treatment usage. Further studies of linked data types are
warranted to evaluate the use of enriched datasets to generate novel insights.

(J Med Internet Res 2016;18(5):e110)   doi:10.2196/jmir.5130

KEYWORDS

feasibility of data linking; patient-powered research network

Introduction

Health researchers today have the luxury of choosing from a
multitude of “big data” sources. Given the growing diversity
of data, new insights and transformative potential arise when

complementary sources can be linked at the individual level
(with appropriate consents and protections) to provide a more
holistic view of a patient’s journey with illness or to inform
medical decisions [1].
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Although the potential advantages of data linkage and
integration of existing sources are tantalizing (eg, rapid,
economical access), rigorous scrutiny is required to assure the
resultant data, and analyses provide meaningful and valid
insights. Key questions and potential hurdles must be addressed
before data integration can be performed reliably at scale.
Comparisons between data from clinical encounters (captured
in electronic medical records, claims, or administrative records)
and patient-reported data (captured via telephone interviews,
in person interviews [2], mailed surveys, and in-clinic surveys
[3,4]) have been undertaken in previous research. It has been
recognized that there is a need to confirm data reported by
patients engaged through Web-based methods. Cascade et al
used manual medical chart review to validate data from 50
patients with gout registered on MediGuard.org and were able
to verify diagnosis in 76% of patients who consented to
participate [5]. However, paper record extraction was a barrier
to validation with physicians’offices being slow to return charts
or, in some cases, refusing to take part altogether. The
concordance of patient-reported data collected by an
Internet-based registry with data captured from clinical care has
not been well characterized in the literature.

In this paper, we describe the evaluation of the potential benefits
and challenges of linking data from an online patient community
(PatientsLikeMe [PLM]) with administrative claims data.
Electronic medical and pharmacy claims data are collected as
a result of clinical care, primarily for billing and reimbursement
purposes. In addition, they are widely used by a variety of
stakeholders for other purposes, including practice management,
identifying market trends, studying medication compliance,
conducting outcomes research, and building health economic
models. However, such secondary uses of billing data may result
in limitations when used for research purposes. For example,
it may be difficult to infer causality because transactional data
report what happened without why it happened. Furthermore,
changes in billing data may reflect administrative errors or
limitations in classifications rather than actual changes to patient
condition, evaluations completed, and treatments given.

PLM data have been used in over 65 peer-reviewed scientific
publications, particularly in the areas of patient-centered
outcomes research [6], development of new patient-reported
outcomes [7], and clinical trials [8]. As a patient-powered
research network (PPRN) covering over 2000 diseases, the
system emphasizes patient-reported data submitted in the Web
and allows patients to enter detailed pseudoanonymous records
of their illness using structured and quantitative tracking tools.
However, PLM has limitations because, currently, all data are
patient-reported and no validating information is required. Thus,
some members may not be formally diagnosed with the
conditions they report and some could intentionally (or
unintentionally) enter erroneous data. The quality of
self-reported data may be related to patients’ level of
technological comfort, cognitive abilities, degree of motivation,
and willingness to return to the site to enter data longitudinally.
Websites dependent on voluntary self-reporting suffer from
significant attrition over time [9]. As a newer form of data in
the health care ecosystem, there are additional steps to be
performed such as comparing data quality to traditional data

and checking for external validity that might affect
generalizability of findings [8].

Objectives

In this pilot study, we investigated the feasibility of linking a
small sample of patients from 2 large data sources at the patient
level: the IMS Health database of medical and retail pharmacy
claims, covering >250 million lives in the United States, and
PLM, a PPRN hosting over 325,000 patients with chronic
life-changing illnesses [6]. A secondary objective was to
describe the concordance of some common data elements
between the 2 datasets.

Methods

Data Sources
Members of PLM are prompted to voluntarily report information
on their condition history (eg, first symptom date and diagnosis
date), relevant symptoms, treatments taken, and laboratory
results, and broader health metrics such as weight and quality
of life. For the purposes of this pilot study, diagnosis status and
treatments were selected as the entities most suitable for
matching with the IMS Health database.

Medical and pharmacy billing data are available for purchase
for the purposes of research. For this study, an extract of medical
and pharmacy (preadjudicated) claims from the IMS Integrated
Data Warehouse with dates of service from December 2009 to
December 2014 was used. Claims were from office-based
physicians and specialists (noncash visits only). Pharmacy
claims included prescription data collected from retail, long-term
care, specialty, and mail order computerized pharmacy records
(both insured and cash transactions). Although the Integrated
Data Warehouse data source is not a closed system (ie, not all
records from all patients are captured), coverage is wide,
representing more than 1 billion medical service records
annually as well as an estimated 75% of all prescriptions
dispensed in the United States.

Patients
Multiple sclerosis (MS) was the condition of primary interest
in this study, PD patients were included as non-MS controls as
a comparator to evaluate the accuracy of MS diagnosis reporting.
From the range of common conditions on the PLM system at
the time of study, both conditions had relatively large engaged
communities, were diagnosed by specialists, have relatively
low misdiagnosis rates, and can be identified by the presence
of DMTs that are quite specific to each condition. Based on
prior studies conducted by PLM, and the pilot nature of this
study, target enrollment for this study was 350 actively engaged
patients from the PLM communities for MS and PD
(approximately 4:1 ratio based on prevalence of the reported
diagnoses in the PLM database).

The recruiting process occurred over a 2-week period in early
December 2014 and included PPRN patients who met the
following eligibility criteria: (1) reported MS or PD on their
profile; (2) “actively engaged,” defined as having logged into
the PPRN at least once in the 90 days before December 8, 2014;
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(3) aged 18 years or older at the time of study; (4) account was
maintained by the patient; and (5) resided in the United States
in the last 10 years.

Eligible patients were sent an invitation on December 8, 2014
to participate in the study via email and private message. Patients
who reviewed the message within the 2-week enrollment period
could click on a link to a research subject information page
where a written statement of research information with informed
consent was presented. The research protocol was approved by
the New England Institutional Review Board on December 3,
2014. Eligible consenting participants were asked to provide
their name, previous last names, date of birth, and zip codes for
the last 10 years. This personal health information provided
during consent was entered into third-party software to generate

encrypted, deidentified (De-ID) tokens. The tokens were then
used to make a deterministic match to similarly anonymized
patients with claims in the IMS Health database. No payments
were made to patients either for taking part in this study or for
joining PLM.

No data were exchanged between the 2 dataset owners, and all
personal health information remained at each source. Data from
consenting patients were sent directly to Genentech (GNE) for
analysis using encrypted IDs, generated from third party
software, for the match. A detailed review of the linking
methodology is beyond the scope of this paper. However,
extensive research has previously been conducted using this
methodology [10], and Figure 1 provides an overview of the
matching process used here.

Figure 1. Overview of record matching process.
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Analysis Methods
Detailed patient disposition summaries were completed.
Descriptive statistics of demographic characteristics were
calculated for invited eligible patients, consenting patients (with
or without a match), and nonconsenting patients. Additional
evaluations of PPRN profile data were explored for patients
without matching identity, diagnosis, or drug information in the
claims dataset.

The primary objective of the analysis was to explore the
feasibility of patient-level linking in the 2 datasets. The overall
patient match rate between the 2 sources was calculated as the
percentage of consenting patients from PLM with a matching
record (De-ID) in the claims database. The secondary objectives
were to further explore the concordance between the data
sources at the diagnosis and, for MS patients, treatment levels.

Two-by-two tables were constructed to evaluate the concordance
of diagnosis (MS or not MS) and DMT use (none vs any), and
overall (raw) agreement was calculated. Positive percent
agreement (PPA) and negative percent agreement (NPA) were
calculated, using IMS claims data as the reference (Figure 2).
Because the extracted claims dataset may not include all the
claims that patients have and treatment reporting in PLM is
completely optional, neither data source can truly be considered
the “gold standard” and so some discordance between the 2 data
sources was expected.

For the evaluation of diagnoses (MS vs not MS), a patient was
considered to have MS in the PLM dataset if they had reported
MS as a condition in their profile. In the event that a patient
reported both MS and PD in their profile, the patient was
classified as MS. A patient was considered to have MS in the
IMS dataset if they either had at least one medical claim with

the International Classification of Diseases, 9th Revision (ICD9)

diagnosis code for MS (“340”) or they had a pharmacy claim
for one of the following known MS medications, brand name
(chemical name, manufacturer): Ampyra (dalfampridine,
Acorda), Aubagio (teriflunomide, Genzyme), Avonex (interferon
beta 1-a, Biogen), Betaseron (interferon beta 1-b, Bayer),
Copaxone (glatiramer acetate, Teva), Extavia (interferon
beta-1b, Novartis), Gilenya (fingolimod, Novartis), Lemtrada
(alemtuzumab, Genzyme), Novantrone (mitoxantrone,
EMD-Serono), Rebif (interferon beta 1-a, EMD-Serono &
Pfizer), Tecfidera (dimethyl fumarate, Biogen), Tysabri
(natalizumab, Biogen), and Plegridy (peginterferon beta-1a,
Biogen).

For the evaluation of MS treatments, the analysis population
was restricted to patients with MS as identified in their PLM
profile. Analyses were completed for all data (any DMT vs no
DMT) and for specific DMTs (yes or no). DMTs include all
those drugs listed previously except Ampyra (dalfampridine),
which is indicated for the improvement of walking in MS.
Spelling variations for DMTs in both datasets were manually
adjudicated to ensure appropriate matching. Additional analyses
were completed limiting treatment data to those patients
reporting treatment within the last 5 years, corresponding to the
claims data available for this project. Because many patients
did not report start or stop dates for their medications, some
analyses were also completed with missing dates imputed as
the system-generated dates on which the patients entered specific
treatments in their profiles. This imputation permitted additional
patient treatment records to fall within the last 5 years.

All analyses were completed using SAS software, version 9.2
for PC (Copyright © 2002-2008, SAS Institute Inc.). SAS and
all other SAS Institute Inc. product or service names are
registered trademarks or trademarks of SAS Institute Inc., Cary,
NC, USA.

Figure 2. Calculation of agreement.
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Results

Of the 5364 patients invited via private message through the
PPRN website, 2039 (38.0%) viewed the initial invitation, 3325
(61.9%) patients did not open the invitation and, therefore, did
not actively accept or decline to participate in the study. Of the
2039 patients who viewed the study invitation, 1421 patients
failed to complete the questionnaire, 15 patients actively
declined to consent to take part in the study, and, ultimately,
603 patients consented to the study and completed the
questionnaire (30% participation rate [603 of 2039] and 11%
response rate [603 of 5364]). The target recruitment goal was
reached in 24 hours, though the questionnaire remained available
for 15 days. Among the 603 consenting patients, 414 reported
having MS (69%), 188 reported having PD (31%), and 1
reported having both MS and PD.

Patient-Level Match
Overall, 567 of the 603 consenting patients (94%) were found
in the claims dataset (based on a record with a corresponding
De-ID token) and were, therefore, revealed to be real patients
with confirmed identities for the purposes of this study. A total
of 36 patients were not found within the claims dataset. Two
patients subsequently asked to be excluded from the analysis
and the PLM community, so the final linked dataset contained
565 matched patients.

Demographics
Demographic characteristics from PLM profiles for those
patients who were invited, consented, matched, and did not

match can be found in Table 1. Patients who consented had
higher rates of PD, diagnosis by physician (for either condition),
reported DMT use, and nonmissing insurance type than
nonconsenting patients. All of these factors, except PD
diagnosis, would be expected to be related to likelihood of match
because diagnosis and treatment by a physician would increase
the likelihood of medical and/or pharmaceutical services within
claims data.

Concordance of Diagnosis
The patient-reported MS diagnosis status was confirmed in the
claims dataset for 524 (92.7%) matched patients (Table 2).
PPA—having MS diagnosis in PLM when MS diagnosis exists
in IMS Health—was 99.7%; whereas NPA—not having MS
reported in PLM when no MS claim exists in IMS—was 81.1%.

Further analyses were undertaken to better understand potential
reasons for mismatch on diagnosis. The 41 patients with
discordant MS status in the 2 data sources tended to have fewer
medical and pharmacy claims, mean (standard deviation) values
are 16.6 (20.74) and 92.9 (242.10), respectively, than patients
with concordant MS status, mean (standard deviation) values
are 43.1 (44.40) and 206.9 (236.70), respectively. Although the
sample sizes were small, patients with concordant MS status
were more likely to have a physician diagnosis (96%) than
patients with discordant status (88%). Discordant and concordant
patients tended to have similar diagnosis date distributions (ie,
duration of illness) as well as similar types of insurance (eg,
missing, private employer or union based, government funded).
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Table 1. Demographic characteristics.

Consenting patients with
no claims match

(N=36)

Consenting patients with

claimsb match

(N=565)

Patients who did not con-
sent

(N=4,759)

Patients invitedb

(N=5,362)

Patient Characteristicsa

56.5 (11.02)57.4 (10.63)54.3 (11.60)54.7 (11.53)Age in yrs (SD)

25 (69.4)385 (68.1)3,136 (65.9)3,546 (66.1)Number of Females (%)

Primary condition in PLM

20 (55.6)379 (67.1)3,470 (72.9)3,869 (72.2)MS (%)

14 (38.9)168 (29.7)1,151 (24.2)1,333 (24.9)PD (%)

2 (5.6)18 (3.2)138 (2.9)160 (2.9)Other (%)

34 (94.4)544 (96.3)3,934 (73.4)4,512 (84.2)Patient Reports MS or PD Diagnosed
by Physician (%)

21 (58.3)392 (69.4)3,564 (74.9)3,976 (74.2)PLM patients with MS as primary or
secondary condition (%)

MS subtype (% MS)

14 (66.7)250 (63.8)2,165 (60.8)2,429 (61.1)Relapsing-Remitting

1 (4.76)25 (6.4)227 (6.4)253 (6.4)Primary progressive

3 (14.3)78 (19.9)470 (13.2)551 (13.9)Secondary progressive

1 (4.8)10 (2.6)116 (3.3)127 (3.2)Progressive relapsing

2 (9.5)29 (7.4)586 (16.5)616 (15.5)Unreported

Years since MS Diagnosisa (%)

4 (19.05)53 (13.5)524 (14.7)581 (14.6)0 - ≤5 Years

6 (28.6)116 (29.6)980 (27.5)1,102 (27.7)>5 - ≤10 Years

5 (23.8)87 (22.2)619 (17.4)711 (17.9)>10 - ≤15 Years

2 (9.5)48 (12.2)358 (10.0)408 (10.3)>15 - ≤20 Years

3 (14.3)71 (18.1)492 (10.8)566 (14.3)>20 Years

1 (4.8)17 (4.3)591 (16.6)609 (15.3)[Not Reported]

16 (76.2)351 (90.0)2,751 (77.2)3,118 (78.4)Reported MS DMT use in PLM (%)

Reported Insurance Type (%)

0 (0.0)0 (0.0)1 (0.02)1 (0.02)Indian Health Service

1 (2.78)29 (5.13)165 (3.47)195 (3.64)Medicaid/ other low-income plan

15 (41.67)209 (36.99)799 (16.79)1023 (19.08)Medicare

7 (0.15)7 (0.13)National health service

1 (2.78)6 (1.06)42 (0.88)49 (0.91)Other type of insurance

27 (4.78)183 (3.85)210 (3.92)Private (individual plan)

7 (19.44)203 (35.93)1141 (23.98)1351 (25.20)Private (via employer /union)

1 (2.78)7 (1.24)47 (0.99)55 (1.03)TRICARE (or oth military ins)

2 (5.56)13 (2.30)54 (1.13)69 (1.29)Veteran's Administration

2 (5.56)6 (1.06)79 (1.66)87 (1.62)No Insurance

1 (2.78)2 (0.35)74 (1.55)77 (1.44)Prefer not to answer

6 (16.67)63 (11.15)2167 (45.53)2238 (41.74)[Not Reported]

aSource for all characteristics is PLM; all statistics reported are n (%) unless otherwise noted.
bTwo patients who were invited, consented and had at least 1 claim in the claims dataset asked to have their profiles removed from PLM and are,
therefore, not represented in this analysis.
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Table 2. Concordance of data sources on diagnosis.

AgreementcMS claimbMS reported by patienta

NPAPPAOverallTotalNot MSMS

81.1%99.7%92.7%39240352MS

1731721Not MS

   565212353Total

aMS reported by patient means that patient did or did not report MS in their patient profile.
bMS claim means that patient did or did not have a claim with a diagnosis code for MS or a claim for a drug uniquely indicated for treatment of MS.
cPPA and NPA calculations use claims datasource as reference.

Concordance of DMT Use for Patients Reporting MS
Patients reporting MS on their profile had an overall agreement
of 58.7% for DMT usage between the datasets, with high PPA
(97%) and low NPA (18.3%; top section of Table 3). To explore
the possibility that low overall agreement was due to higher
rates of DMT use more than 5 years ago (before claims extract
for this analysis), patient-reported DMT use was categorized
based on use within the past 5 years only. For the purposes of
determining patient-reported medication use within 5 years,
missing DMT use dates were treated as no DMT within 5 years
and, separately, imputed using date of medication data entry by

patient (second and third sections of Table 3). A shift of patients
to “no DMT use within 5 years” in the PPRN source was
observed, but overall agreement between data sources remained
similar. When missing dates were imputed, the number of
patients using DMTs within 5 years increased from 188 to 284,
PPA was increased by 25.4%, and NPA was decreased by
23.6%.

Analyses of specific DMT usage based on 5-year categories
with imputation of missing dates revealed an overall agreement
ranging from 73.5% to 100% depending on the DMT. PPA and
NPA were >50% for most DMTs. Complete results are provided
in Table 4.

Table 3. Concordance of data sources on any DMT use in MS patients.a

AgreementbMS medication in claims (5 years)Patient-reported MS medicationImputation

NPAPPAOverallTotalNo DMTAny DMT

18.3%97.0%58.7%351156195Overall any DMT

41356Overall no DMTNo

392191201Total

59.7%55.2%57.4%18877111Any DMT (5 years)No

20411490No DMT (5 years)

392191201Total

36.1%80.6%58.9%284122162Any DMT (5 years)Yes

1086939No DMT (5 years)

392191201Total

aDMT use categories in this table reflect claims or patient reported; if no dates available then included under “no” for no imputation; missing dates for
DMT use imputed based on date of medication entry to evaluate use within 5 years in section marked “yes.”
bPPA and NPA calculations use claims as reference.

J Med Internet Res 2016 | vol. 18 | iss. 5 |e110 | p.202http://www.jmir.org/2016/5/e110/
(page number not for citation purposes)

Eichler et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 4. Concordance of data sources on specific DMT use within 5 years in PLM MS patients.a

AgreementbMS medication in claimsPatient-reported MS
medication

 

NPAPPAOverallNoYes 

100.0%-100.0%00YesAlemtuzumab

  3920No

82.4%90.4%83.4%6047YesDimethyl fumarate

  2805No

92.6%82.8%91.8%2724YesFingolimod

  3365No

77.0%62.0%74.0%7249YesGlatiramer acetate

  24130No

74.5%67.3%73.5%8637YesInterferon Beta 1a

  25118No

89.7%47.8%87.2%3811YesInterferon Beta 1b

  33112No

95.7%-95.7%170YesMetoxantrone

  3750No

86.1%57.7%84.2%5115YesNatalizumab

  31511No

100.0%0.0%99.7%00YesPeginterferon Beta 1

  3911No

96.6%30.0%94.9%133YesTeriflunomide

   3697No

aDMT use categories in this table reflect claims or patient reported; missing dates for DMT use imputed based on date of medication entry to evaluate
use within 5 years.
bPPA and NPA calculations use IMS claims as reference.

Discussion

Principal Findings
This study demonstrated the feasibility of linking
patient-reported data with billing claims data generated in the
clinical setting. The study surpassed its expected degree of
patient engagement (n=350), having gained consent from 603
patients. This suggests that patients were more open to, and
supportive of, this project than first anticipated.

The degree of concordance between the PPRN and claims
datasets was high, with 94% agreement on patient identity, 93%
agreement on MS diagnosis status (MS vs not MS), and
agreement on specific DMT usage ranged from 74% to 100%.
Finally, the results indicate that these patients were willing and
able to accurately recount their diagnosis and to a lesser degree,
their use of DMTs in MS care. In total, these findings support
the conclusion that accurate linkages at the patient level are
possible, opening the doors for further research on an enriched
dataset.

Although the rates of patient matching and concordance of
diagnosis were high, a careful review of findings and limitations
is important to better understand the context and implications

for future research. For example, some discordance or
nonoverlap of the 2 data sources should be expected a priori.
At the patient level, corresponding record(s) in the data sources
would not be expected in the following situations: if patients
paid for physician services in cash, were uninsured, insured by
payers not reflected in the IMS Health database, or received
medications via distributers not reflected in the IMS Health
database. Analysis of PLM patient profile data revealed that the
36 patients without any claims had lower rates of private
insurance than the 565 patients with claims (19.4% vs 35.9%,
respectively). Thus, it is possible that at least some of these
patients had care that was not captured in the claims dataset.

At the diagnosis and treatment levels, a match to the claims
system would not be expected in several situations such as if a
patient received treatment for their condition before December
2009 or too recently (because there is a lag between date of
service and billing claim submission) or joined a disease
community without having been diagnosed by a physician.
Conversely, we might see claims without corresponding
information in the PPRN if the patient forgot or chose not to
report certain information. Patients reported both current and
retrospective diagnoses and treatments—so timing did not
appear to be a major driver of match rates. Patients with a match
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were more likely to report having a physician diagnosis (96%)
than patients without a match (88%). A larger percentage of
diagnosis-unmatched patients reported having Primary
Progressive MS, than those who did have a matching diagnosis
(15% vs 4%, respectively). Because there are no approved
treatments for this subtype of MS, these patients are less likely
to be taking a DMT and are thus less likely to have a treatment
claim in the IMS database [11,12]. Finally, patients without
matching diagnoses in both datasets tended to have fewer
medical and pharmacy claims than patients with a match, thus
decreasing the chances of a match on a diagnosis category or
specific treatment.

The characteristics of each dataset must also be considered to
better understand the potential value of linking them to create
an enriched dataset. The PLM community is a self-selected
population that is biased somewhat to be more educated, female,
white, and technologically savvy [13,14]. PLM collects
voluntary reports that may result in data gaps on care received
or health status. In addition, the patients who consented into
this study may represent a more engaged and activated
population than those individuals who did not consent. Although
this study does represent the findings of linking the PLM PPRN
to a claims dataset, attempting to generalize the findings to other
studies of linked data sources without regard to their designs,
patient inclusion factors, and response characteristics may be
unrealistic.

Medical and prescription claims databases are a widely used
tool for exploring how real-world healthcare services and
treatments are used by physicians and patients. Claims data has
long been a core resource for health economics and outcomes
research, therapeutic persistence and utilization studies, quality,
and other core areas of health services research [15].
Nonetheless, claims data has potentially significant limitations
including the time lag of 6-9 months in complete reporting
because of the claims filing and adjudication processes [15,16],
the inability to capture clinical outcomes of health care
interventions more precisely, and the lack of explanations for
why something happened. For example, when an MS patient
experiences a relapse in their disease they may present to a
hospital, be subjected to multiple tests, be provided new
medications, and even switched to another DMT. Although the

services and treatments used may be captured within the claims
dataset, the initiating event, the relapse, is never explicitly
captured in the claims dataset, forcing the health services
researchers to infer the relapse event using a complex and likely
imperfect algorithm [15,17]. The potential real-time nature of
patient-generated and patient-reported data provide an
opportunity to capture an entirely new dimension of the patient’s
health care experience, that is, their account of what happened,
although these are of course subject to self-reporting biases
[18].

Although the levels of concordance and generalizability of these
results to diseases other than MS has not been demonstrated
within this study, the high degree of concordance between the
patient-reported and claims-based datasets observed here
suggests that it may be possible to use these types of combined
datasets to answer new research questions. For example, because
the PPRN captures treatment experience data (side effect
severity, specific side effects, perceived efficacy, and so forth)
one could create treatment persistence curves that are stratified
by the patient’s experience. This would enable researchers to
get at the “why” behind treatment decision starts and stops.
Similarly, given that PLM enables patients to synchronize
wearable devices to their profile [19], one could look at how
health care utilization patterns may differ based on the physical
activity of a patient. In addition, patient preferences might be
obtained from questionnaires and then linked to their claims
data to quantify differences in health care utilization. These
sorts of questions would be difficult or impossible to answer in
the absence of a linked dataset.

Conclusion
Real-world datasets and patient-reported data are becoming
increasingly powerful tools for research, quality improvement,
and broader understanding of the evolving health care system.
The further integration of traditional claims or healthcare-system
generated data, coupled with patient-reported data will continue
to bring about ever new opportunities to study disease, patient
experience, and the applications of health care services and their
effects on the health care system and patient outcomes. The
generalizability of our findings and patient willingness to
consent to data linkage for clinical research needs further
exploration in other settings.
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Abstract

Background: Cuffless blood pressure (BP) monitoring devices, based on pulse transit time, are being developed as an easy-to-use,
more convenient, fast, and relatively cheap alternative to conventional BP measuring devices based on cuff occlusion. Thereby
they may provide a great alternative to BP self-measurement.

Objective: The objective of our study was to evaluate the performance of the first release of the Checkme Health Monitor
(Viatom Technology), a cuffless BP monitor, in a real-life setting. Furthermore, we wanted to investigate whether the posture of
the volunteer and the position of the device relative to the heart level would influence its outcomes.

Methods: Study volunteers fell into 3 BP ranges: high (>160 mmHg), normal (130–160 mmHg), and low (<130 mmHg). All
requirements for test environment, observer qualification, volunteer recruitment, and BP measurements were met according to
the European Society of Hypertension International Protocol (ESH-IP) for the validation of BP measurement devices. After
calibrating the Checkme device, we measured systolic BP with Checkme and a validated, oscillometric reference BP monitor
(RM). Measurements were performed in randomized order both in supine and in sitting position, and with Checkme at and above
heart level.

Results: We recruited 52 volunteers, of whom we excluded 15 (12 due to calibration failure with Checkme, 3 due to a variety
of reasons). The remaining 37 volunteers were divided into low (n=14), medium (n=13), and high (n=10) BP ranges. There were
18 men and 19 women, with a mean age of 54.1 (SD 14.5) years, and mean recruitment systolic BP of 141.7 (SD 24.7) mmHg.
BP results obtained by RM and Checkme correlated well. In the supine position, the difference between the RM and Checkme
was >5 mmHg in 17 of 37 volunteers (46%), of whom 9 of 37 (24%) had a difference >10 mmHg and 5 of 37 (14%) had a
difference >15 mmHg.
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Conclusions: BP obtained with Checkme correlated well with RM BP, particularly in the position (supine) in which the device
was calibrated. These preliminary results are promising for conducting further research on cuffless BP measurement in the clinical
and outpatient settings.

(J Med Internet Res 2016;18(5):e85)   doi:10.2196/jmir.5414
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hypertension; cuffless blood pressure monitor; wearable device; cardiovascular risk management; patient empowerment

Introduction

Noninvasive blood pressure (BP) monitors based on cuff
occlusion are used widely in and outside of care facilities. These
devices measure systolic (SBP) and diastolic blood pressure
(DBP) by auscultation [1] or oscillometry [2]. Disadvantages
of these measurements are discomfort for the patient because
of painful cuff inflation, which may influence BP outcome, and
the impossibility of continuous or semicontinuous BP
monitoring due to the necessity of cuff inflation and deflation.
Measurements can also vary between users, for example,
patients or health care workers, due to interindividual differences
in use. Although self-measurement of BP using noninvasive
BP monitors has been shown to produce significantly greater
BP reduction in patients with hypertension than standard care
using clinic-based BP measurements [3], it is not common
practice because it is time consuming and has high overall costs
because of expensive equipment and technologies [4].

To overcome the disadvantages of BP measurements based on
cuff occlusion and to provide easy-to-use devices for reliable
self-measurement, pocket-sized BP monitoring devices without
the need of a pressure cuff have been developed and are entering
the consumer market. The majority of the cuffless devices
indirectly measure BP by determining pulse transit time, the
time interval required for a pressure wave in the arterial tree to
travel between 2 sites (ie, a proximal and a distal point). Pulse
transit time is closely related to BP via arterial compliance. Not
only are these devices able to measure BP quickly and
conveniently, but some of them also measure other modalities
such as pulse rate, oxygenation, respiratory rate, and skin
temperature. Furthermore, with respect to BP measurement,
correct cuff size and cuff position are no longer important issues
to take into account for obtaining reliable results. Altogether,
these new cuffless devices could be an excellent alternative to
BP measuring devices based on cuff occlusion, especially for
the purpose of self-measurement.

The Checkme Health Monitor (Viatom Technology, Shenzen,
People’s Republic of China) is a newly released Conformité
Européenne-approved cuffless BP monitoring device. Checkme
is a IIa category medical device compliant with directive
93/42/European Economic Community. As it is aimed at the
consumer market, it has been defined as a screening device for
primary medical checking and not for diagnostic use. However,
for its use in a clinical setting, especially during monitoring of
hypertension treatment, the device’s accuracy in persons with
BPs outside the normal range has to be determined as well.

To ensure the accuracy of new BP monitoring devices, several
protocols have been established, such as the European Society

of Hypertension International Protocol (ESH-IP) revision 2010
[5] and protocols of the Association for the Advancement of
Medical Instrumentation [6,7]. However, a single unified
protocol for all types of BP monitoring devices is still under
development. For example, the ESH-IP and Association for the
Advancement of Medical Instrumentation protocols stipulate
the use of a mercury sphygmomanometer as the reference
device, whereas the International Organization for
Standardization protocol allows use of any type of reference
manometer, as long as it meets the accuracy requirement.
Furthermore, the protocols that have been developed for
validating noninvasive BP devices are designed primarily for
monitors that are intrinsically able to give absolute BP readings
in a single measurement.

Other category devices, such as Checkme, require
patient-specific calibration by a secondary measurement method
or device before they can give absolute BP readings. A protocol
for validating such a monitor must include provisions to assess
the monitor’s accuracy in tracking intrapatient BP changes,
relative to the calibrated level, after a patient-specific calibration
or between calibrations [8].

Another issue in daily practice is that oscillometric devices for
the noninvasive estimation of BP have progressively become
the clinical standard because of the need to train staff in
determining BP by auscultation, cost, and the banning of
mercury in many states and countries [2]. Therefore, it is
conceivable that new devices are being evaluated in comparison
with the easy-to-use automated oscillometric BP devices used
in daily practice.

Finally, with classic BP devices, a correct BP can only be
determined with the detection point (eg, the arm) at heart level.
Because of the assumed method of BP measuring with cuffless
devices, it is still unclear whether the device’s position relative
to the heart may influence the results of the measurement.

The aim of this study was to evaluate the performance of the
first release of the Checkme cuffless BP monitor in a real-life
patient setting. To this purpose, we compared Checkme BP
measurements with measurements from a validated oscillometric
reference BP monitor (RM) according to ESH-IP requirements.
Our second aim was to investigate whether the posture of the
volunteer and the position of the device relative to the heart
level would affect outcomes.
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Methods

Checkme
Checkme is a cuffless BP monitoring device, which only
determines SBP. It can be used both in clinical settings and for
self-measurement (Figure 1).

This biometrical device can also measure skin temperature,
heart rate, oxygen saturation, and 1-lead electrocardiogram, and
it can be used as a sleep monitor. Before being able to measure
SBP with Checkme, a personal profile containing sex, age,
weight, and height has to be created, and the device has to be
calibrated with an RM. Calibration is performed by
simultaneously measuring SBP with Checkme and with RM
and entering the SBP of the RM into Checkme after each

measurement. After both calibration measurements, the
Checkme is ready to use. SBP, heart rate, and oxygen saturation
can then be measured by putting the right index finger beneath
the lid on top, the right thumb on the metal plate on front, and
the right middle finger on the metal plate on the back.
Simultaneously, the metal plate on the left side of the device
has to be pressed against the palm of the left hand (Figure
2,Figure 3).

Checkme has to be held still at heart level during a measurement.
Performing one measurement takes about 20 seconds. To
evaluate the result, data can be transferred via Bluetooth to a
mobile phone or tablet (supported operating systems are iOS
or Android) with the Checkme app (Figure 4). Details by which
the Checkme measures BP have not been described in the public
domain.

Figure 1. Checkme Health Monitor (Viatom Technology) device.
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Figure 2. Checkme position during measurement (front).

Figure 3. Checkme position during measurement (back).

Reference Device
We used the validated Vital Signs Monitor 300 series (Welch
Allyn, Skaneateles Falls, NY, USA) as RM. This automatic
device measures SBP and DBP in the upper arm by oscillometry.
The normal adult cuff size is suitable for people with an arm
circumference of 25.3–34.4 cm. We used the small adult cuff
when arm circumference was lower (range 20.0–27.0 cm) and
the large adult cuff when arm circumference was higher (range
40.7–55.0 cm).

Familiarization
Before the validation procedure, we took a multiple series of
test measurements using the Checkme and RM to familiarize
ourselves with the devices. To test the study procedure and
familiarize ourselves with it, we measured 2 volunteers
accordingly. We encountered no problems. Experienced
technicians of the Radboud University Medical Center
maintained and calibrated the RM according to the
manufacturer’s protocol.
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Recruitment
We recruited study volunteers from patients who visited the
hypertension outpatient services of the Radboud University
Medical Center Department of Internal Medicine. To cover
inclusion in all BP categories in this study, we also recruited
patients with hypertension admitted to the hospital (highest BP
range) and healthy employees (lowest BP range). We stopped
recruitment after obtaining valid measurements of 37 volunteers
with baseline BP measurements in the required ranges.
Exclusion criteria were cardiac arrhythmias, upper-arm
circumference outside the cuff range, and age <25 years.
Information on age, sex, and use of antihypertension medication

was collected and height, body weight, and arm circumference
were measured. All volunteers gave written informed consent.
The institutional review board gave permission for this study
(Medical Research Ethics Committee CMO no. 2015-1717).

Protocol
This study followed the ESH-IP requirements for test
environment, observer qualification, volunteer recruitment, and
BP measurements for the validation of BP measurement devices
[5]. Because device readings are digital, 1 researcher performed
all measurements. In addition to the ESH-IP requirements, we
took measurements in different positions to establish the
influence of posture on device readings.

Figure 4. The Checkme app, showing heart rate (HR), electrocardiogram (EGC), and oxygen saturation (SpO2).

Each volunteer was seen individually in a quiet,
temperature-controlled room. Appropriate cuff size (in the case
of RM) was chosen based on upper-arm circumference. For
each individual volunteer, a new profile was created on the
Checkme device, with input of sex, date of birth, height, and
weight. Volunteers were given oral instructions regarding proper
use of the Checkme device before measurements were taken.

Baseline measurements were performed with the volunteer in
the supine position after resting for 10 minutes. BP was
measured 3 times at the right upper arm with the RM. The mean
of the last 2 values was used as the baseline value, on the basis
of which volunteers were divided into 1 of 3 BP categories:
high (SBP >160 mmHg), normal (SBP ≥130 and ≤160 mmHg),
or low (SBP <130 mmHg) BP, according to ESH-IP, with at
least 10 volunteers in each BP category.
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Next, we calibrated the Checkme device with the volunteer in
the supine position with hands resting on the lower abdomen.
The last measured baseline SBP with the RM was used as the
input value for calibration. After calibration, we randomized
the order of measurements. In the first series of measurements,
BP was measured in the supine position with Checkme at heart
level (arms resting on lower abdomen), Checkme above heart
level (arms stretched above the head at a 90° angle with the
body), and the RM (right upper arm) according to the
randomization order. After the first series of measurements in
the supine position, volunteers were asked to sit up. After 5
minutes of rest, the volunteer’s BP was again measured in
random order with the Checkme at heart level and RM, both in
the upright position. All of the above measurements were
executed 3 times successively. According to ESH-IP, the interval
between consecutive measurements was between 30 and 60
seconds. Failed measurements were repeated up to a maximum
of 3 times.

Statistical Analysis
All statistic calculations were performed with IBM SPSS version
20 (IBM Corporation). To evaluate the influence of the
volunteer’s position on the device readings, we compared the
means of 3 consecutive measurements with a device in the
supine or sitting position by paired samples t -test. A difference
with P<.05 was considered to be significant.

Results

We excluded 15 of 52 recruited volunteers: 12 due to repeated
BP calibration failures with Checkme, 2 because they appeared
to have low BP (SBP <130 mmHg) with already sufficient data,
and 1 who declined to continue after inclusion. None of the
volunteers had arrhythmias. In <3% of all measurements, BP
had to be measured again due to failure during the first attempt
of both the RM and the Checkme readings.

Study Population
Of the 37 volunteers who completed the study, 14 were in the
low range (SBP <130 mmHg), 13 were in the medium range
(SBP between 130 and 160 mmHg), and 10 were in the high
range (SBP >160 mmHg). Table 1 shows their baseline
characteristics. There were 18 men and 19 women with a mean
age of 54.1 (SD 14.5) years. The mean baseline SBP was 141.7
(SD 24.7) mmHg. For 31 of the 37 volunteers (84%) we used
the normal cuff size of the RM. Due to an arm circumference
above than normal range, the remaining 6 volunteers (16%)
required the large cuff.

Feasibility
In 22 of 52 volunteers (42%), calibration with Checkme failed
the first time (error message: “unstable measure, calibration
failed”). We repeated the procedure up to a maximum of 5 times.
In 5 of 52 volunteers (10%), calibration succeeded after the
second attempt, in 4 (8%) after the third attempt, and in 1 (2%)
after the fifth attempt. Calibration continued to fail in 12 of 52
volunteers (23%), whereupon they were excluded from further
measurements. In 2 of 37 volunteers who completed the study,
the SBP measurement could not be determined in the upright
position.

Comparing BP Results (Primary Aim)
Table 2 shows the BP results for RM and Checkme. Table 3
shows the proportion of patients with differences between RM
and Checkme of >5, >10, and >mmHg. We constructed
Bland-Altman scatter plots of BP differences between RM and
Checkme against the mean BP of the RM and Checkme in the
supine (Figure 5) and upright positions (Figure 6). BP results
correlated with the position of Checkme relative to the heart
level.

Table 1. Study population characteristics.

All volunteers (n=37)Characteristics

18:19Male:female

54.1 (14.5)Age in years, mean (SD)

36 (97)White, n (%)

1 (3)Black, n (%)

172.2 (7.5)Height in m, mean (SD)

83.3 (18.4)Weight in kg, mean (SD)

22 (60)Use of blood pressure-lowering drugs, n (%)

31 (84)Normal cuff size, n (%)

141.7 (24.7)Baseline systolic blood pressure in mmHg, mean (SD)
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Table 2. Systolic blood pressure measurements (mmHg) taken by the reference monitor and Checkme in the supine and upright positions.

Range (min; max)aSDMeanaVolunteers’ position

Supine position

84.7 (106.3; 191.0)21.8136.6Reference monitor

94.5 (94.5; 189.0)25.2138.4Checkme at heart level

101.0 (86.0; 187.0)27.7130.7bCheckme above heart

Upright position

100.7 (102.3; 203.0)22.3139.2Reference monitor

87.7 (102.3; 190.0)25.9136.6cCheckme at heart level

aThe average or range of 3 consecutive blood pressure measurements.
bP<.001 compared with Checkme at heart level.
cP=.01 compared with Checkme at heart level in the supine position.

Table 3. Differences in systolic blood pressure readings between the reference monitor and Checkme in various postures and the proportion of volunteers
with differences >5, >10, and >15 mmHg between the reference monitor and Checkme.

Upright at heart level (n=35)Supine at heart level (n=37)Reading differences

Difference between the devices (mm Hg)

2.6 (12.1)a–1.8 (8.5)Mean (SD)

–35.5; 20.3–19.3; 18.2Min; max of range

Degree of difference

23 (66)17 (46)>5 mmHg, n (%)

15 (43)9 (24)>10 mmHg, n (%)

6 (17)5 (14)>15 mmHg, n (%)

aP=.02 compared with measurements in the supine position.
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Figure 5. Bland-Altman plot of the difference in systolic blood pressure readings between the reference monitor (RM) and the Checkme Health Monitor
(at heart level) in the supine position.
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Figure 6. Bland-Altman plot of the difference in systolic blood pressure readings between the reference monitor (RM) and the Checkme Health Monitor
(at heart level) in the upright position.

Influence of Posture on the Device Readings
(Secondary Aim)
Table 2 summarizes the results of the SBP measurements
obtained with RM and Checkme in the various positions. In the
supine position, SBP measured with Checkme above heart level
was significantly lower than SBP measured supine at heart level.
SBP obtained with Checkme in the upright position was
significantly lower than in the supine position, in which the
device is just above heart level. Table 3 summarizes differences
in SBP readings between RM and Checkme in both the supine
and upright positions. The SBP measurement with Checkme in
the upright position was significantly lower than the SBP
measurement with Checkme in the supine position.

Discussion

The results of this comparative study show that the first version
of the Checkme device yields BP results that are to a large
extend comparable with BPs obtained by a validated
oscillometric BP monitor. We observed this for a predefined
wide range of BP levels under well-controlled circumstances.
Furthermore, BP results correlated with the position of Checkme
relative to the heart level. Compared with a reference BP,
Checkme recorded a higher BP below heart level and a lower
BP above heart level.

Due to the lack of a uniform international protocol that includes
provisions to assess intrapatient BP changes relative to the
calibrated level, it was not possible to conduct a formal device
validation study. As the Checkme requires patient-specific
calibration by a secondary measurement device before it can
measure absolute BP, we consider such a protocol to be
necessary.

The strength of this study is that it met all ESH-IP requirements
for test environment, observer qualification, volunteer
recruitment, and BP measurements. Measurements were
conducted in a quiet, temperature-controlled room and the
manufacturer’s guidelines on use of the test device were
followed. Furthermore, we used a validated RM device and
randomized the order of measurements with Checkme and RM
to eliminate the influence of changes in BP over time on the
study results.

Checkme is one of the first cuffless devices to be launched,
indicating that cuffless BP measurement is in its infancy.
Notably, Checkme has outgrown its developmental phase. As
the technique of cuffless devices is continuously being
improved, future generations of Checkme may be even more
suitable for measuring BP in the clinic.

One disadvantage of Checkme is the inability to measure DBP,
because DBP can be used to calculate pulse pressure and adds
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to the overall cardiovascular risk profile. Based on the
underlying method of measuring, a subsequent version of
Checkme may expected to have this ability. Another issue with
the Checkme version used in this study was the inability to
calibrate the device in a substantial number of volunteers.
Repeated attempts to calibrate Checkme after warming
volunteers’ hands and further instructing them to hold still or
change their position were not effective in some of them and
thus further BP measurements were not possible. According to
the manufacturer, a new software release has resolved this
problem.

Ideally, Checkme is calibrated by taking simultaneous BP
measurement with the RM. In this study, we calibrated Checkme
after baseline measurements with the RM. However, as the time
interval between taking the 2 measurements was a maximum 2
minutes (depending on the number of attempts during
calibration), we can assumed that BP had not significantly
altered. Calibration parameter stability over longer periods of
time has yet to be established in further research. After the
completion of this study, Viatom updated the Checkme software
to reduce calibration failures and has provided additional
instructions for positioning Checkme against a lower limb during
the calibration measurements. Therefore, the process of
calibration can be expected to be more successful in future
studies.

Checkme’s BP measuring algorithm has not been made public,
probably for commercial reasons. Most cuffless devices measure
BP indirectly by determining pulse transit time, the time interval
required for a pressure wave in the arterial tree to travel between
2 sites (ie, a proximal and a distal point). Pulse transit time is
closely related to BP via arterial compliance. For example, if
arterial BP increases, arterial wall tension will increase.
Subsequently, arterial compliance and pulse transit time will
decrease [9]. Most cuffless devices calculate pulse transit time
by using the electrocardiogram as the proximal timing reference
and the arterial waveform in an extremity as the distal reference
[10]. Recent research has shown a significant relationship
between BP measured with pulse transit time and BP measured
with conventional devices based on cuff occlusion [11-13].

Differences in BP depending on posture and position of the
device suggest that cuffless BP measurement by Checkme, and
probably in general, is influenced by the position of the device
relative to heart level. This may suggest an inherent error in
Checkme’s algorithm when BP is measured in a position other
than that indicated by the manufacturer. Therefore, it is
important that future users of Checkme conduct all
measurements in the position stipulated in the user manual.
Furthermore, we observed 1 outlier (with SBP difference
between RM and Checkme >40 mmHg), which we could
explain.

If Checkme will be able to fulfill formal international validation
protocol requirements, which include provisions to assess the
monitor’s accuracy in tracking intrapatient BP changes relative
to the calibrated level, after a patient-specific calibration or
between calibrations, we expect increased use of this device.
Especially promising is such devices’ ability to measure BP
faster and more conveniently than conventional BP monitoring
devices based on cuff occlusion. This implies not only that BP
can be measured more efficiently in the clinic, but also that
patients can easily self-monitor their BP at home. Because
self-measurement of BP has been shown to have a positive
effect on reducing BP [3], this easy-to-use BP device will
probably find a place in the management of hypertension. The
low costs of cuffless devices relative to cuff occlusion devices
will also contribute to their implementation in and outside the
clinic.

We believe the market of wearable BP sensors will develop in
the areas of self-measurement and remote monitoring. In this
context, device validation may be accelerated if development
of techniques, calculation, and feedback on the basis of clinical
data would take place in an open source environment.

Conclusion
Checkme SBP correlated well with reference SBP, in particular
in the supine position. Although we did not perform a formal
validation study at this preliminary stage, these preliminary
results are most promising and warrant further research on
cuffless BP measurement in the hospital, the clinic, and at home.
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Abstract

Background: Monitoring patient-reported outcomes (PROs) may improve safety of chronic kidney disease (CKD) patients.

Objective: Evaluate the performance of an interactive voice-inquiry dial-response system (IVRDS) in detecting CKD-pertinent
adverse safety events outside of the clinical environment and compare the incidence of events using the IVDRS to that detected
by paper diary.

Methods: This was a 6-month study of Stage III-V CKD patients in the Safe Kidney Care (SKC) study. Participants crossed
over from a paper diary to the IVDRS for recording patient-reported safety events defined as symptoms or events attributable to
medications or care. The IVDRS was adapted from the SKC paper diary to record event frequency and remediation. Participants
were auto-called weekly and permitted to self-initiate calls. Monthly reports were reviewed by two physician adjudicators for
their clinical significance.

Results: 52 participants were followed over a total of 1384 weeks. 28 out of 52 participants (54%) reported events using the
IVDRS versus 8 out of 52 (15%) with the paper diary; hypoglycemia was the most common event for both methods. All IVDRS
menu options were selected at least once except for confusion and rash. Events were reported on 121 calls, with 8 calls reporting
event remediation by ambulance or emergency room (ER) visit. The event rate with the IVDRS and paper diary, with and without
hypoglycemia, was 26.7 versus 4.7 and 18.3 versus 0.8 per 100 person weeks, respectively (P=.002 and P<.001). The frequent
users (ie, >10 events) largely differed by method, and event rates excluding the most frequent user of each were 16.9 versus 2.5
per 100 person weeks, respectively (P<.001). Adjudicators found approximately half the 80 reports clinically significant, with
about a quarter judged as actionable. Hypoglycemia was often associated with additional reports of fatigue and falling. Participants
expressed favorable satisfaction with the IVDRS.

Conclusions: Use of the IVDRS among CKD patients reveals a high frequency of clinically significant safety events and has
the potential to be used as an important supplement to clinical care for improving patient safety.

(J Med Internet Res 2016;18(5):e125)   doi:10.2196/jmir.5203
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Introduction

Recording patient-reported outcomes (PROs) is important for
effective management of chronic disease management. The US
Food and Drug Administration (FDA) defined a PRO as a report
of health status coming directly from a patient “without
amendment or interpretation by a clinician” [1]. The nephrology
community recognizes the need to monitor PROs in chronic
kidney disease (CKD) care [2,3]. Areas of emphasis to date
include assessing dialysis patients’ physical and mental
impairment [4], preferences and experiences with renal
replacement therapy [5,6], and the symptom burden of
CKD-related anemia [7]. General tools for documenting PROs,
such as the 36- and 12-item Short Form Health Survey (SF-36
and SF-12,respectively), are used in kidney disease; however,
kidney disease PRO assessments are more commonly applied
in the research domain than in the clinic [8]. Tools to record
clinically significant and actionable CKD PROs are needed [2].

Monitoring and interpreting PROs may give insight into means
of reducing patient safety events, here defined as harm from
medical therapy [9-11]. Presenting underdetected PROs to
providers, especially medication-related adverse events, can
offer new opportunities to improve the safety of delivered care.
Patient diaries have been employed to record PROs related to
medication tolerance in clinical trials as well as with disease
management, and both paper and electronic mediums have been
used [12,13]. CKD patients have multiple comorbidities, take
numerous medications, often report safety-related outcomes
and experiences [14], and may benefit from monitoring such
PROs.

In this study, we examined a subcohort of predialysis CKD
patients in the Safe Kidney Care (SKC) study (NCT01407367).
We used an interactive voice-inquiry dial-response system
(IVDRS) to gauge patient-reported experiences attributed to
medications and considered adverse safety events. We
demonstrate the participants’ usage of the IVDRS relative to
the SKC paper diary, report the serial trends in engagement,
tabulate the types of events reported, evaluate the clinical
importance of the reported events, and survey participant
satisfaction with the reporting system.

Methods

Study Overview
The IVDRS study is an ancillary to the ongoing SKC cohort
study with the latter commencing in 2011. The protocol and
informed consent were approved by the University of Maryland
Institutional Review Board. The SKC study tracked CKD
patients through annual in-center visits to determine the
frequency of an array of adverse safety events. The study
included two subgroups: Phase 1 participants were provided
with a medical alert accessory to augment kidney disease
awareness and were given access to the SKC website providing
best practices in safe CKD care; Phase 2 SKC participants
received no accessory or website access, but were followed on
the same schedule as Phase 1 participants for detection of
adverse safety events. SKC monitoring included provision of
a paper diary to document adverse events that the participant

attributed to a medication, medical instructions, or medical care.
The structured check-off entries in the SKC diary were
predetermined after an online nephrologist survey and an expert
panel reviewed, adjudicated, and categorized prominent adverse
safety events. The diary also permitted text entries not included
in the menu of structured events. Participants were instructed
to mail in diary pages—using study-issued postage-paid
envelopes—with documented entries and, as per the protocol,
were reminded every 3 months to use their diary. Text entries
were reviewed semiannually to determine if they could be
reclassified into a structured entry or if they warranted a unique
adverse safety event category.

The IVDRS platform was a Linux-based operating system
provided and administered by CircleLink Health (Stamford,
CT). The phone-based interactive modality uses the telephone
dial-pad for participant responses to automated voice queries.
The IVDRS query menu is derived from the SKC paper diary
using a similarly structured list of adverse safety events, but
with each adverse safety event linked to a series of more-detailed
questions, including event frequency and determination of the
action taken for each event (eg, “Did you feel dizzy in the last
7 days? Press ‘1’ for yes or ‘2’ for no.” “Enter the number of
times you felt dizzy. Was the dizziness caused by a medicine?
Press ‘1’ for yes or ‘2’ for no.” “How did you treat your
dizziness? Press ‘1’ if you called an ambulance or went to the
emergency room. ‘2’ if you called your doctor. ‘3’ if you
self-treated. ‘4’ if you did nothing. ‘5’ if you did more than one
of these.”). The IVDRS query for hypoglycemia included a
threshold of less than 70 mg/dL versus 60 mg/dL by paper diary.
The more stringent threshold with the latter was based on the
expectation that participants would be less inclined to mail in
entries for less severe hypoglycemia. Given the number of
potential adverse safety events, the first menu of dial options
included what was expected to be the most frequent events along
with an option to proceed to a second menu for the remaining
adverse safety events to select if they occurred. An option was
also included to dial in if no events occurred. The IVDRS
protocol was programmed to call study participants weekly and,
once calls were answered, the IVDRS queried participants about
events during that day and the preceding 6 days. If a given
weekly call was unanswered, the system would call again 15
minutes later, but if there was no answer on the second call,
then the IVDRS ceased calling until the next week. The IVDRS
also had the capability for participants to initiate calls for events
they deemed necessary to document prior to the scheduled
weekly call with an associated time stamp. If the participant
elected to use the call-in option within 24 hours of the scheduled
weekly call, the latter was not initiated.

Study Participants and Baseline Assessment
The IVDRS study enrolled 52 consecutive consenting SKC
participants between June 2, 2014, and December 18, 2014, at
any postbaseline annual study visit, without regard to the
frequency of paper diary use. Participants without a stable
telephone number—cellular or ground line—or who were
expected to reach dialysis or die over the next 6 months were
not enrolled in the IVDRS study. Information collected from
the core SKC study visit when the participant was recruited
included the following: in-center vital signs, serum 6-8-hour
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fasting glucose, potassium, creatinine for estimation of
glomerular filtration rate (GFR) and venous hemoglobin, and
the annual medications reported. Also, paper diary pages from
the prior 6 months were reviewed and events were documented.

Each consenting participant was asked for a preferred weekly
IVDRS call time over the 6 months of the protocol. Each
participant was instructed on the use of the IVDRS system with
a mock IVDRS interaction and was told that events to be
submitted were those they believed to be attributable to a
medicine or their medical care, similar to the SKC paper diary
protocol. At the completion of the protocol, each participant
returned to the study center for an update of reported
medications, medical event update, and satisfaction survey.

IVDRS data was received by the vendor and transmitted to the
study team via a Web-based portal with daily coordinator review
for obvious data entry errors; urgent adverse safety events (eg,
 ≥ 1 reported fall) were flagged and promptly reviewed. A
monthly report was prepared for each participant with all events
detected via weekly calls or self-initiated calls in a 4-week
window. Monthly reports along with the SKC visit vital sign
readings, laboratory values, medical comorbidities, and
medications were presented to two independent physician
reviewers (JBB, CJD) for determination of whether each report
was (1) of no interest, (2) of interest, but with no action
recommended, or (3) of interest with action recommended. A
separate physician reviewer (SS) examined each adverse safety
event to determine if participants with adverse events had
reported taking a medication that could plausibly cause such an
experience based on attributable medication categories
previously defined [14].

Analysis
The analysis was designed to be descriptive with demographic
characteristics of the IVDRS participants reported as means

(SD) and with n (%) for categorical variables. The IVDRS
patient-reported adverse safety events were compared to the
SKC paper diary patient reports as a baseline reference and
using the generalized estimating equation (GEE) with Poisson
distribution and a log link function. IVDRS and SKC paper
diary event rates were reported per 100 participant weeks;
IVDRS adverse events were also presented by months of
participation and by adverse safety event category. The final
visit was 26 ± 2 weeks in length to accommodate participants’
schedules. Association (ie, market basket) analysis was also
employed to identify the likelihood of coexistent adverse safety
event types by participant using the IVDRS and treating the
entire study period as a single observation period. Association
analysis measures included confidence, which indicates the
likelihood of a consequent event given the occurrence of an
antecedent event, and the lift ratio, which is the confidence over
the prevalence of the consequent event independent of the
antecedent. A lift ratio of 1 indicated that the co-occurrence of
events was random [14-16]. Analyses were conducted in SAS
version 9.3 (SAS Institute, Inc; Cary, NC).

Results

Characteristics of Study Participants
The characteristics of the 52 participants are shown in Table 1.
Almost 60% of participants were greater than 65 years of age
and a majority were male and African American. Approximately
two-thirds of participants had Stage III-B through Stage V CKD
at the time of enrollment, most had diabetes, and about half had
previously used the Internet. The averages of study participants’
clinical measures were in acceptable ranges; however, there
was substantial polypharmacy. All study participants completed
the study protocol, except for one who died after completing
22 weeks of the 6-month protocol.
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Table 1. Characteristics of interactive voice-inquiry dial-response system (IVDRS) study participants.

Participants (n=52) or values, n (%), mean (SD), or median
(Interquartile range)

Participant characteristics

Time in Safe Kidney Care study, n (%)

21 (40)1 year

14 (27)2 years

17 (33)3 years

Age in years, n (%)

10 (19)≤ 60

11 (21)61-65

18 (35)66-70

13 (25)≥71

Gender, n (%)

40 (77)Male

12 (23)Female

African American, n (%)

39 (75)Yes

13 (25)No

Systolic blood pressure (mm Hg), mean (SD)

134 (20.6)Sitting

134 (22.4)Standing, (n=50), 2 participants could not stand

Diastolic blood pressure (mm Hg), mean (SD)

70 (12.6)Sitting

72 (15.5)Standing (n=50), 2 participants could not stand

Glomerular filtration rate (ml/min/1.73m 2 ), n (%)

34 (65)≤ 45

18 (35)> 45

4.4 (0.6)Serum potassium (meq/L), mean (SD)

136.3 (57.4)Serum glucose (mg/dL), mean (SD)

11.9 (1.6)Venous hemoglobin (g/dL), mean (SD)

Cardiovascular disease, n (%)

23 (44)Yes

29 (56)No

Cancer, n (%)

17 (33)Yes

35 (67)No

Diabetes, n (%)

47 (90)Yes

5 (10)No

Used the Internet in the past year to look for health information, n (%)

23 (44)Yes

29 (56)No

16 (10.0)Number of medications, median (IQR)
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Use of the Interactive Voice-Inquiry Dial-Response
System
Table 2 shows study participation over 1384 weeks distributed
by reporting any or no safety events and further classified by
expected and detected weeks of participation. Table 2 also
tabulates call response by frequency of events per call and
participant remediation of events reported on each call. A total
of 24 out of 52 (46%) study participants reported no events over
650 weeks of participation, including 619 weeks when a call
was delivered or self-initiated. A total of 28 out of 52 (54%)
study participants reported at least one safety event over 734
total weeks of participation, of which 731 had calls delivered
or self-initiated. Events were reported in 113 weeks with a total
of 121 calls either delivered or self-initiated with one or more
reported events. Most calls included one event and
self-treatment, but a notable minority (8/121, 6.6%) involved
an ambulance or emergency room (ER) visit.

Figure 1 shows the trend in monthly study engagement along
with event reporting. The dashed line shows the trend in the
number of active participant weeks per month—an active week
is defined as one or more dialed entry, including “no events to
report”—and the solid line represents total number of participant
weeks with safety events per month. While the frequency of
event reporting declined over the study, the IVDRS engagement
measured by active participant weeks remained relatively
constant.

Only 10 out of 1227 (0.81%) calls with participant entries were
found to be erroneous after coordinator-initiated call inspection
or by system alert for extreme values. In such instances, staff
contacted participants and database corrections were made after
clarification. A total of 31 out of 1227 (2.53%) initial entries
had errors that were self-corrected during the call when the
participant was prompted to confirm his/her selection.

Table 2. Distribution of interactive voice-inquiry dial-response system activity by participants, weeks of participation, and events.

Calls with events reported (n=121)a, n:
number of events or remediation

Weeks with delivered
or self-initiated calls

(n=1350), n (%)

Weeks of participa-
tion (n=1384), n (%)

Number of partici-
pants (n=52), n (%)

Participant type

Calls by associated
remediation

Calls by num-
ber of events

24 (46)With no events

31 (2.24)No call

619 (44.73)Call delivered or self-initiated

80 (5.93)Not picked up

539 (39.93)No events reported

28 (54)With events

3 (0.22)No call

731 (52.82)Call delivered or self-initiated

138 (10.22)Not picked up

480 (35.56)No events reported

113 (8.37)Events reported

8: Ambulance/ERb

visit

3: called MDc

90: self-treated

14: nothing done

4: multiple actions

1: hung up

115: 1 event

5: 2 events

1: 3 events

Event details

aParticipants may self-initiate a call more than once a week.
bER: emergency room.
cMD: medical doctor.
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Figure 1. Participant weeks with study participation and adverse event reporting by month. The dashed line shows the trend in the number of active
participant weeks per month—an active week is defined as one or more dialed entry, including “no events to report”—and the solid line represents total
number of participant weeks with safety events per month.

Patient-Reported Safety Events Using the Interactive
Voice-Inquiry Dial-Response System Relative to the
Paper Diary
Table 3 shows that the number of reported events was
significantly greater with the IVDRS versus the paper diary. In
the 6 months preceding IVDRS enrollment, participants
submitted 85 paper diary entries with 95 patient-reported events.

Of those 95 events, 39 (41%) patient-reported symptoms were
text entries, with 3 out of 39 (8%) classified into existing
categories and 5 out of 39 (13%) reports of feeling sick or
having bruises, which were classified as other adverse safety
events. A total of 31 out of 95 (33%) text entries were for pain
and were considered as not meeting the criteria of
patient-reported safety events (ie, not related to medical care).
The exclusion of these entries reduced the total number of
patient-reported safety events to 64.
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Table 3. Comparison of adverse safety events detected by the Safe Kidney Care paper diary versus the interactive voice-inquiry dial-response system
(IVDRS).

IVDRSa, n or

n (participant [P] identifier)

Paper diary, n or

n (participant [P] identifier)

Participant categories

13841352Total weeks of participationb

288Participants with events

2444Participants with no events

37064Total safety events

10132Maximum safety events per participant

22532Total safety events excluding highest reporter

25311Total events excluding hypoglycemia

26.7c4.7Events per 100 participant weeks

16.9d2.5Events per 100 participant weeks excluding highest user

18.3d0.8Events per 100 participant weeks excluding hypoglycemia

Top reporters and number of events,

n (participant [P] identifier)

101 [P33]32 [P5]1

45 [P27]12 [P3]2

44 [P5]10 [P29]3

32 [P20]5 [P50]4

28 [P41]2 [P4]5

26 [P50]1 [P1, P9, P10]6

Top safety events reported

11753Hypoglycemia

801Leg swelling

771Dizziness

120Falling

10Bleeding

839Other

aIVDRS: interactive voice-inquiry and dial-response system.
bOne participant did not complete the study but contributed 22 weeks.
cP=.002.
dP<.001.

With both modalities, hypoglycemia was the most common
safety event, but the number of reported hypoglycemic events
was greater with the IVDRS than with the paper diary. When
excluding the most frequent reporter of adverse safety events
with each modality, the frequency of reporting with IVDRS
remained significantly higher. Similarly, when excluding
hypoglycemia, the IVDRS modality had a significantly higher
rate of reported events. Table 3 also displays the top 6 reporters
by modality and demonstrates that 4 frequent users in each

modality were not among the top-ranked users with the other
modality.

Table 4 reveals the distribution of all 370 events reported via
the IVDRS by study month. Hypoglycemia represented 31.6%
of events across the study period, followed by leg or ankle
swelling, dizziness, and fatigue. Of note, only one participant
reported events that were not conditional on a potentially
attributable medication. Omitting those events not meeting this
conditional criterion for a safety event reduced the total number
of events from 370 to 356.
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Table 4. Distribution of patient-reported adverse safety events using the interactive voice-inquiry dial-response system (IVDRS) over the study period.

Patient-reported adverse safety events, n (%)Symptoms

Months

Total (n=370)≥6 (n=32)5 (n=52)4 (n=36)3 (n=36)2 (n=77)1 (n=137)

3703252363677137Total symptoms (n=370)

117 (31.6)15 (47)10 (19)24 (67)15 (42)26 (34)27 (19.7)Low blood sugar

80 (21.6)1 (3)12 (23)0 (0)11 (31)29 (38)27 (19.7)Leg or ankle swelling

7 (1.9)0 (0)0 (0)0 (0)0 (0)7 (9)0 (0)Face swelling

77 (20.8)16 (48)28 (54)0 (0)0 (0)5 (6)28 (20.4)Dizziness

12 (3.2)0 (0)1 (2)7 (19)3 (8)0 (0)1 (0.7)Fall

9 (2.4)0 (0)0 (0)0 (0)0 (0)2 (3)7 (5.1)Stomach problems

1 (0.3)0 (0)1 (2)0 (0)0 (0)0 (0)0 (0)Bleeding

2 (0.5)0 (0)0 (0)0 (0)0 (0)1 (1)1 (0.7)High potassium

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)Skin rash

0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)0 (0)Confusion

60 (16.2)0 (0)0 (0)0 (0)7 (19)7 (9)46 (33.6)Fatigue

5 (1.4)0 (0)0 (0)5 (14)0 (0)0 (0)0 (0)Low blood pressure

With 23 of 52 participants (44%) reporting more than one event
during the study period, we found the strongest association of
hypoglycemia with fatigue and falling. Participants who reported
fatigue had 66.6% confidence of reporting an episode of
hypoglycemia at some time during the study period, with a lift
ratio of 2.31. Likewise, participants who reported a fall had
50% confidence of reporting a hypoglycemic episode resulting
in a lift ratio of 1.73.

Clinical Significance of Patient-Reported Safety Events
A significant proportion of patient-reported safety events were
judged to be clinically important by the pair of physician
adjudicators reviewing participants’cumulative monthly reports
of all IVDRS-reported events, in conjunction with
SKC-measured laboratory values—estimated GFR (eGFR),

potassium, hemoglobin, and fasting glucose—reported
comorbidities, and medications collected on study entry. Of the
80 reports reviewed, the two adjudicators individually found
20.0% and 11.3% of them of no clinical interest, 53.8% and
46.3% of them of clinical interest but no action would be taken,
and 26.3% and 42.5% of them warranting of clinical action.

Participant Feedback and Satisfaction With the
Interactive Voice-Inquiry Dial-Response System
At completion of the study, participants reported a universally
high degree of satisfaction with the IVDRS. Table 5 shows that
more than 90% of the participants agreed or strongly agreed
that the IVDRS was easy to use and was used confidently and
weekly. Most participants liked using the IVDRS and would
recommend its use to other CKD patients in the future.
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Table 5. Participant satisfaction with interactive voice-inquiry and dial-response system (IVDRS) use.

Participant response (n=51a), n (%)Satisfaction survey items

7

(strongly dis-
agree)

654

(neutral)

321

(strongly
agree)

0 (0)0 (0)0 (0)1 (2)0 (0)28 (55)22 (43)It is easy to use the eDiary to record safety events that
happen to me

0 (0)1 (2)0 (0)1 (2)0 (0)27 (53)22 (43)I would recommend the eDiary service to other people with
kidney problems

0 (0)2 (4)0 (0)1 (2)1 (2)27 (53)20 (39)I like using the eDiary to record safety events that happen
to me

0 (0)3 (6)0 (0)1 (2)0 (0)27 (53)20 (39)I think that I would like to use this service often to report
medical safety events to my doctors

0 (0)1 (2)1 (2)1 (2)0 (0)30 (59)18 (35)I like when the system called me on a weekly basis to ask
me to record medical safety events

0 (0)1 (2)1 (2)0 (0)1 (2)31 (61)17 (33)I felt very confident using the eDiary

13 (26)37 (73)0 (0)0 (0)1 (2)0 (0)0 (0)I felt that the eDiary system was hard to use

aOne participant died before completion of the protocol.

Discussion

Principal Findings
PROs can provide important information on CKD-related
adverse safety events outside the medical care setting. Such
experiences may be overlooked or underreported because they
are not recalled by patients or solicited by providers; moreover,
patients may have difficulty in drawing associations between
such events and their treatments. This study demonstrates the
utility of an IVDRS in monitoring a dimension of the patient
experience that can be related to safe care. The application of
this elementary form of remote data capture of CKD
patient-reported safety incidents reveals a high rate of events
in the context of potentially attributable medication usage. The
number of events captured by the IVDRS is high relative to a
paper diary used by the same participants. A notable number
of the reported events were found to be significant as they led
to urgent responses, while conversely, a high frequency of these
PROs were self-treated and perhaps underappreciated by the
reporters for their clinical significance. Independent review of
these events revealed a substantial proportion of them to be
important and actionable given the clinical context in which
they occurred. Participants were favorable in their review of
the system and provided encouraging evidence that this common
household technology can be used to enhance chronic disease
management in CKD [17].

Limitations
The study has inherent limitations to be considered when
interpreting the results. The completeness of data collected using
the IVDRS to record safety events is limited by participants’
motivation in using the system. We attempted to minimize
potential reporting bias based on severity or frequency of events
by scheduling weekly calls and limiting participant dependence
on memory. The relatively short time frame between calls was
intended to improve recollection of events across a wider

severity range and avoid restricting the selection of only the
most significant of events.

While the comparisons between the IVDRS and paper diary
means of event recording are paired within participants, the
modalities have inherent differences that must be acknowledged
when contrasting event rates. The scheduled contact of
participants by the IVDRS effectively solicits responses in
comparison to the expected self-initiated use of the paper
diary—even with 3-month reminders—and most likely enhances
the detection of adverse events. The IVDRS menu of delivered
questions may compel the participant to consider more
thoroughly their safety experiences over the duration of the
study. Additionally, the higher threshold set with the IVDRS
for incidence of hypoglycemia may also trigger a higher
reporting rate relative to the paper diary. However, examining
the frequency of events with each modality is still informative
in demonstrating the extent to which the IVDRS detects a wide
range and high frequency of adverse safety events, even when
excluding hypoglycemia.

The IVDRS protocol resulted in an apparent time-dependent
decline in patient-reported safety events. While the secular
fall-off in event reporting could be considered the result of user
fatigue over the duration of the protocol, engagement did not
similarly decline over the study period, suggesting that
participants did not lose interest in the IVDRS. This finding
raises the possibility that there was a learning effect where
adverse safety events truly declined as participants gained
self-management abilities through the protocol. Finally, the
reporting of adverse safety events relies on the participants’
judgement of what was attributable to medications and
treatments, and raises the possibility of inaccurate reporting.
Nevertheless, additional physician review demonstrated the vast
majority of events reported could plausibly be related to
medications administered at the time of the event. This review
reduced the likelihood of overreporting, but did not diminish
the possibility that participants may have failed to report events
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that could have been attributed to a medication, but they judged
otherwise.

Comparison With Prior Work
Diary methods have become increasingly used to record PROs.
Use of Internet and paper-based diaries have become widely
prevalent and range from monitoring of headaches, epilepsy
activity, rheumatoid arthritis severity, and glucose control in
diabetes [18-21]. These methods include acquisition of real-time
experiences or ecological momentary assessments using
end-of-day evaluations or the Day Reconstruction Method
[12,13,22]. These methodologies can gauge participant
sentiments, quality-of-life estimates, or symptoms as proposed
here [12]. Such diaries are subject to recall bias, imprecise
measurements, and potential overweighting of negative
experiences [4,23].The use of newer hand-held electronic
devices to record PROs needs to overcome challenges related
to security, cost, and technological limitations of the target
population, as are common in CKD and dialysis populations
[13].

We are unaware of prior studies using diaries to record
patient-related safety experiences in CKD. We elected to use a
telephone-based portal, typically using a landline, to engage
CKD patients in recording experiences related to symptoms or
incidents they viewed as attributable to their medical treatment.

This communication modality matches the technological
proficiency characteristics of much of the target population
[24,25]. We have previously shown that CKD patients have
variable success with the use of mobile devices and Web-based
applications [24,25]. We also chose a weekly scheduled call in
order to balance bias anticipated from a 7-day recall period with
the inconvenience of more frequent scheduled calls.

The study also demonstrates the prominence of hypoglycemia
in the CKD population where diabetes is common along with
the use of insulin and other diabetic treatments. However, the
rate of nonhypoglycemic events with the IVDRS, as opposed
to with the SKC paper diary, reveals the broader range of PROs
detected with this technology. The association of several
patient-reported experiences with hypoglycemia corroborates
findings from a prior report linking hypoglycemia to other
patient-reported safety incidents [14].

Conclusions
We have demonstrated that an IVDRS designed to detect adverse
safety events sheds light on a broader dimension of the CKD
“phenotype” that is likely to be underreported in the clinical
setting. The increased detection of PROs using a low-cost and
simple communication technology has the potential to enhance
the care of CKD patients, improve their safety, and address the
high rate of poor outcomes common in this population.
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MD: medical doctor
PRO: patient-reported outcome
SF-12: 12-item Short Form Health Survey
SF-36: 36-item Short Form Health Survey
SKC: Safe Kidney Care
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Abstract

Background: Patient portals have yet to achieve their full potential for enhancing health communication and improving health
outcomes. Although the Patient Protection and Affordable Care Act in the United States mandates the utilization of patient portals,
and usage continues to rise, their impact has not been as profound as anticipated.

Objective: The objective of our case study was to evaluate how well portals convey information to patients. To demonstrate
how multiple methodologies could be used to evaluate and improve the design of patient-centered portals, we conducted an
in-depth evaluation of an exemplar patient-centered portal designed to promote preventive care to consumers.

Methods: We used 31 critical incident patient interviews, 2 clinician focus groups, and a thematic content analysis to understand
patients’ and clinicians’ perspectives, as well as theoretical understandings of the portal’s use.

Results: We gathered over 140 critical incidents, 71.8% (102/142) negative and 28.2% (40/142) positive. Positive incident
categories were (1) instant medical information access, (2) clear health information, and (3) patient vigilance. Negative incident
categories were (1) standardized content, (2) desire for direct communication, (3) website functionality, and (4) difficulty
interpreting laboratory data. Thematic analysis of the portal’s immediacy resulted in high scores in the attributes enhances
understanding (18/23, 78%), personalization (18/24, 75%), and motivates behavior (17/24, 71%), but low levels of interactivity
(7/24, 29%) and engagement (2/24, 8%). Two overarching themes emerged to guide portal refinements: (1) communication can
be improved with directness and interactivity and (2) perceived personalization must be greater to engage patients.

Conclusions: Results suggest that simple modifications, such as increased interactivity and personalized messages, can make
portals customized, robust, easily accessible, and trusted information sources.

(J Med Internet Res 2016;18(5):e112)   doi:10.2196/jmir.5451

KEYWORDS

eHealth; patient portal; health communication; qualitative study; case study

Introduction

There is significant progress to be made in creating digital
communication platforms that improve health outcomes [1].
While patient portals have been lauded as a method to enhance
health communication [2], and they have been found to be
helpful, their impact has not been as profound as anticipated.

Yet patients are still enthusiastic about the portals’ capabilities
to assist in managing their health [3]. In one study, 43% of
patients believed that apps, such as portals, could improve
relationships with doctors, 48% would feel more in control of
their health, and 40% would be would encouraged to ask
physicians more questions [4]. Evidence has demonstrated that
portals contribute to improved health outcomes by increasing
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cancer screenings, especially when information was explained
in lay language, used personalized recommendations, and
provided educational resources [5]. Still, clinicians report
dissatisfaction [6] and patients are underwhelmed with the
design and functionality of portals [7].

Incorporating immediacy into portal design has the ability to
increase their usability and importance as health communication
resources. Immediacy refers to features that promote physical
and emotional closeness, caring relationships, authenticity, and
enthusiasm [8]. The construct has a rich tradition focusing on
face-to-face communication in education [9,10], psychological
counseling [11,12], and health care delivery [13,14]. However,
immediacy has only recently been applied to digital health
communication. Incorporating immediacy into the design of
health communication tools can better engage, involve, and
motivate patients to promote their health and well-being [15].
However, thus far there has been little evidence to demonstrate
that portals can create a sense of immediacy [16].

Our study explored how a unique set of methods—critical
incident reports from patients, focus groups of clinicians, and
thematic analysis—can be used to evaluate and better inform
the design of patient portals. We analyzed one exemplar patient
portal, MyPreventiveCare [17], as a test of concept.
MyPreventiveCare, a highly functional, prevention-focused
online resource, was designed specifically to activate and engage
patients around preventive care [18]. It is used by 12 practices
in Virginia in the United States and reaches over 82,000 patients,
but is being extended to an additional 300 practices in 15 states
through a series of grants. In addition to providing laboratory
results and viewing information from the medical record, the
innovative portal customizes content based on hundreds of
demographic, historical, behavioral, and clinical variables to
make personalized recommendations and provide educational
material based on current guidelines using content from
HealthFinder.gov, a credible online health information resource
from the National Health Information Center (Washington, DC).
The portal provides information about needed cancer screenings,
how to better monitor chronic conditions, and how to improve
health behaviors. Nearly half (43.4%) of patients registered on
MyPreventiveCare have logged in to the portal in the past year
and frequently visit the following areas: laboratory results,
medical record information, and preventive care
recommendations. The average patient accesses the portal almost
4 times per year.

Methods

To sufficiently assess the test portal, we used multiple methods
to collect and analyze data. Using multiple methodologies in
health science research helps researchers view problems from
multiple perspectives to enrich the meaning of a singular
viewpoint [19] and contributes to developing a more complete
understanding of a problem [20]. We describe the methodology
for conducting interviews, focus groups, and the thematic
analysis.

Interviews

Sample
Age demographics for current users of the portal are as follows:
18–24 years (3980/72,362, 5.50%), 25–34 (13,387/72,362,
18.50%), 35–44 (16,281/72,362, 22.50%), 45–54
(16,643/72,362, 23.00%), 55–64 (12,302/72,362, 17.00%) and
≥65 (9769/72,362, 13.50%). More females (41,246/72,362,
57.00%) use the system than males (31,116/72,362, 43.00%)
and in fact, the most frequent users are women 45–54 years old.
Although women 45–54 years old is the largest demographic
group of users, criteria for interviews included patients ranging
from 18–79 years, to generate as many viewpoints as possible.

We used naturalistic intercept sampling techniques [21], such
as purposeful sampling [22] and convenience sampling [21], to
recruit active users, age 18-79 years, who accessed the system
at least once in the past year. To enhance recruitment, efforts
were made to make participation in the interviews convenient
for patients who already were at the clinic waiting for their
doctors’ appointments. Patients who met eligibility and had an
upcoming appointment were contacted via telephone 1 week in
advance to schedule an interview before the appointment with
their physician. In addition, the medical staff identified eligible
patients and referred them either before or after the appointment
with their physician. We recruited participants in the fall of
2014 and winter of 2015 in 2 primary care practices that belong
to the Virginia Ambulatory Care Outcomes Research Network.
The study was described to patients in a private conference
room, and then informed consent was reviewed. Scheduling
interviews with patients around impending appointments over
the course of several weeks allowed for a diverse cross-section
of patients to be recruited.

Critical incident technique (CIT) [23] was the main method of
inquiry, which is a qualitative research method with strong
exploratory and investigative abilities [24-26]. The technique
was designed as a flexible set of principles with the goal of
identifying incidents that the users considered positive or
negative and to probe participants about their experiences. The
CIT is especially advantageous to the evaluation of a patient
portal because it allows users to reflect on the most meaningful
events from their experience using the system. Unlike usability
studies, which solely focus on the way an individual operates
a system, CIT allows both patients and clinicians to identify
instances in which the portal affected their lives outside of
directly using the system. CIT has been used to analyze quality
of care [25] and is a common method in the application of health
care services [27].

Procedures
During interviews, participants were asked to recall their best
and worst experiences using the portal. These 2 broad questions
framed the discussion, allowing the interviewer to focus on the
incidents mentioned and investigate their significance.
Interviews ceased and saturation was achieved when keywords
and phrases were frequently repeated, participants’ discourse
was similar, and recurrent meanings were discovered [28]. All
discussions were audio recorded and subsequently transcribed.
The average interview time was 14 minutes in length.
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Analytical Process
To ensure objectivity of the incidents collected, we developed
a set of specific rules that specified whether an incident was
positive or negative based on (1) the situation of the incident,
(2) relevance to the general aims of the study, and (3)
importance of the incident’s effect on the aims [23]. Data
analysis was guided by the tradition of CIT and the constant
comparative method [29], in which 2 researchers (JA, GK)
independently read each transcript, exploring for prevalent
themes. Initially, any incident that could be considered either
positive or negative was collected. Upon further analysis, the
researchers discussed examples of positive and negative
incidents, thereby refining the qualifications to be considered
an incident worthy of inclusion. Next, the researchers shared
observed themes and formed categories by creating an
aggregated codebook. If discrepancies occurred, the researchers
referred to the rules and aims of the study and discussed their
perspective until consensus was met. Each researcher once again
independently analyzed the data and assigned a code that best
captured the significance of the incident. The researchers met
to review their findings frequently and discussed any
discrepancies that arose until they reached a consensus around
a particular theme. To assess the validity of the data, we initiated
respondent validation, or member checks [30], with several
participants to confirm the interpretations of the findings.

Focus Groups

Sample
We conducted 2 focus groups with clinicians in 1 Northern
Virginia medical office. The administrator of the portal emailed
providers working in the medical office and made an
announcement at a monthly meeting about participation in the
study. Participation was voluntary and scheduled during

providers’ lunch hour. The first focus group included 8
physicians (2 men and 6 women), comprising 4 residents and
4 full-time physicians. The second focus group consisted of 5
participants (4 women and 1 man), 4 nurses and 1 emergency
medical technician. The average length of both focus group
sessions was 51 minutes.

Procedures
We used the CIT to allow clinicians to concentrate on the
extreme positive and negative functions of the portal. A printed
list of general questions was presented at the beginning of the
focus group session. Questions were grouped into the following
domains: positive experiences, negative experiences, and how
the portal positively or adversely affected the communication
process with patients and staff. The questions were
semistructured, to allow for organic, flexible conversations that
stimulated discussion [22]. Each focus group session was audio
recorded and transcribed. For transcripts involving the focus
group data, we used the same analytical process previously
described for interviews.

Thematic Analysis of the Portal
We conducted the third method, thematic analysis, after
interviews and focus groups were completed. We used patients’
and clinicians’ perspectives as a lens to analyze the content
found on the portal, as well as by using key factors of immediacy
identified in previous research [15,31,32]: user engagement,
personalization, interactivity, enhances understanding, and
motivates behavior change (definitions can be found in Table
1 [33-40]). We conducted the thematic analysis by reviewing
the portal, searching for specific patterns related to immediacy.
To strengthen claims of the thematic analysis, we incorporated
numerical results, which enabled the amount of evidence in the
data to be quantified to support the conclusions [41].

Table 1. Immediacy definitions for thematic analysis of the patient portal MyPreventiveCare

DefinitionImmediacy feature

Definitions of interactivity typically focus on 2 measures: (1) 2-way flow of information and (2) rapid exchange of in-
formation. Other definitions include control as the main component of interactivity [33], meaning that participants
should be able to exercise control over the communication exchange. For the purposes of this study, interactivity includes
all 3 components and is considered to be reciprocal and synchronous communication that offers active control [34].

Interactivity

According to e-commerce websites, personalization is “the adjustment and modification of all aspects of a website that
are displayed to a user in order to match users’needs and wants” [35]. Although the portal is not an e-commerce website,
the previous definition was thoroughly explicated and is relevant to this study.

Personalization

Combining definitions from the fields of marketing [36], media [37], and psychology [38], engagement is considered
the level of an individual’s physical, cognitive, and emotional involvement or connection with a specific medium.

Engagement

Motivators are triggers, prompts, cues, or calls to action that encourage a user to take action [39].Motivates behavior

Factors that enhance understanding, similar to relational understanding, in which an individual knows both what to do
and why [40].

Enhances understanding

Analytical Process
The first author (JA) logged in to the portal as a test user and
analyzed 27 separate content pages, of which 24 were evaluated.
The home page, “Dashboard,” and “Library” pages were not
analyzed because they only functioned as navigational pages.
Every webpage was examined individually to determine the
prevalence of each immediacy characteristic. A checklist with
each immediacy feature’s definition was designed and individual

webpages were meticulously scrutinized using the checklist.
After an initial review, each page was checked a second time
to confirm initial findings. After the first author conducted the
analysis, each of the authors gave input in regard to the
identification of themes. In particular, the portal’s administrator
reviewed the findings and provided feedback on actual patient
and provider experiences. The first author then reevaluated each
individual webpage taking into account the administrator’s
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perspective, as well as the theoretical framework of immediacy
features.

The use of multiple methods (interviews, focus groups, and
thematic analysis) and recruitment of key stakeholders (patients
and clinicians) provided triangulation by using methods with
different strengths and limitations to support a single conclusion
[42].

This study was given full institutional review board approval
by the George Mason University Office of Research Integrity
& Assurance. Participants signed an informed consent document
and, to ensure confidentiality, audio files were only accessed
by the researcher, and personal information, such as names,
were de-identified upon transcription.

Results

The study included 44 total participants in 31 patient interviews
(18 women and 13 men) and 2 focus groups (13 clinicians). We
collected a total of 142 incidents, 102 negative and 40 positive.

Patient Interviews
Incidents classified as positive (31/113, 27.4%) were outweighed
by negative incidents (82/113, 72.6%). The following themes
were most salient throughout positive and negative incidents
cited by patients.

Positive Incidents
Patient interviews revealed 3 main categories of the portal’s
usefulness: (1) the ability to instantly access medical
information, (2) availability of clear health information, and (3)
patient vigilance.

Instant Access

Nearly half of all positive incidents were associated with the
instantaneous retrieval of medical information. For example,
patient #1, a busy mother, anxiously awaited test results but
was unable to call the office during business hours. She
appreciated how she could log in to the portal in the evening
and look up the results.

Similarly, most patients complained that obtaining laboratory
results was a chore involving endless telephone calls, but the
portal streamlined the once-laborious process. Patient #8
described how he used to get results before the portal was
available. He said, “The office doesn’t have time to call you,
or they call, and they don’t get you and leave a message, and
you call back and leave a message.”

Clear Health Information

Not only did patients appreciate the ability to get laboratory
results, but also the portal’s design made it easy to navigate.
Upon logging in, patients were presented with a dashboard
featuring large, colorful icons used as the website’s primary
navigation. Referring to the portal’s interface, patient #30
commented, “It is very icon-driven and it’s all very intuitive,
so I don’t find it complicated to use.” In addition, throughout
every section of the website, a dictionary is available to look
up challenging terminology.

Patient Vigilance

The ease of the portal’s navigation contributed to patients being
able to carefully monitor their health. Patients used information
found on the portal to gauge their health status. Patient #4
monitored her laboratory results to determine whether
“medications were working or if there was a problem
somewhere.” Correspondingly, patient #11 always checked
laboratory results as soon as they were available and said, “If
my labs are getting worse, or even if they’re normal, I can make
adjustments and monitor it closer.” The availability of health
information, such as laboratory results, allowed patients to check
differences from previous tests, while prevention
recommendations, like getting the flu shot, reinforced efficacious
behavior and served as a reminder.

Negative Incidents
Negative incidents were classified into 4 main categories: (1)
standardized content, (2) the desire for clinicians to
communicate directly with the patient, (3) website functionality,
and (4) difficulty interpreting laboratory data.

Standardized Content

Many patients were unaware that content was personalized
based on their electronic medical record and self-reported data.
For instance, patient #3 said, “it felt generic. I don’t know if it
was specific to my medical history, but it didn’t feel personal.”
Patient #12 agreed and said, “I’d want something more focused
on me as opposed to something generic like this.”

Desire for Direct Communication

After reading the portal’s content, many patients craved
information directly from the clinician. For instance, patient
#15 wondered, “Can the doctor and the medical provider put
what they would propose as next steps?” Although the content
that appeared was generated from updates the clinician made
to the patient’s record, the language used did not reflect that the
content was personally delivered by a clinician. This sentiment
was best expressed by a retired woman, patient #10, who was
inspired with new questions and concerns after viewing content
from the portal. She often consulted advice nurses, but since
they were no longer available, she yearned for the portal to be
a substitute.

In addition to the desire to interact directly with clinicians, many
patients wanted a resource that would be beneficial between
scheduled office visits. Patient #4 stated, “once in a while
something goofy will happen, so it would be nice to come in
here (portal) and read the things that I need.” Similarly, patient
#2’s blood pressure often wildly fluctuates and during those
times, she thought, “it would be nice if I could say, is this
something I should worry about?”

Website Functionality

The portal was susceptible to problems experienced by many
websites, such as issues logging in and server crashes. Indeed,
20% (16/82) of all negative patient incidents involved an
instance in which the portal did not function correctly. Patient
#12 remembered a time when he had difficulty recovering his
password. He said, “I couldn’t remember what my password
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was. Even after I got the password, when I went to log in again,
it wouldn’t let me.”

When patients were able to log in, data entry mistakes or
database errors sometimes caused the portal to inaccurately
report results. Patient #5 said, “It’s been hit or miss as far as
having the information being correct.” Also, information was
not updated to appropriately reflect their health status. Patient
#28 cited, “I kept getting these flash things that said I was
overdue on a pap exam. I had just been in in April, but it kept
flashing at me like I was a bad girl.”

Laboratory Data Interpretation is Difficult

Patients appreciated the portal’s preventive care messages, such
as a recommendation to get a mammography, but experienced
difficulty interpreting diagnostic laboratory information. This
accounted for 11% (9/82) of negative incidents. For instance,
patient #15 referred to the “Watch Your Weight” page and said,
“One question I have is this BMI [body mass index]. Is it just
sort of a number pulled out of the air or is it in fact appropriately
calculated?” He wanted to better understand what the number
actually meant to “take the number seriously.” Similarly, some
patients had trouble deciphering the results of the blood sugar
section, as exemplified by patient #27, who examined the chart
on the webpage and wondered, “It was measured on September
3rd. I have a value of 100 and my goal is to be less than 126,
so I should be good? I don’t know what that symbol means.
[Orange icon indicating a marginal score]. Why would I be
marginal?”

Clinician Focus Groups
We combined data from the 2 focus groups, one with physicians
and another with rooming staff. Clinician incidents were
comparable with patient data, with 69% (20/29) negative and
31% (9/29) positive.

Positive Incidents
Positive incidents among clinicians were classified into 2 main
areas: (1) patients feel empowered (5/9, 56%) and (2) the portal
can generate office efficiency (4/9, 44%).

Develops Patient Empowerment

Over half of all positive incidents involved the belief that patient
access to medical information was beneficial. A nurse recalled,
“I work with patients who have jobs that take them out of the
country and the fact that they have this information is awesome.”
Before the introduction of the portal, nurses would review
laboratory results over the phone, but patients did not have
access to the data as a reference. Furthermore, clinicians
observed higher levels of patient motivation after interacting
with the portal. A nurse said, “[Patients] will use the portal to
track things, like ‘my cholesterol wasn’t that good, so I need to
increase my exercise’, and next time, they’ll come in and say,
‘I added another day to my exercise routine and I’m really
anxious to see how my cholesterol is now.’”

Due to increased levels of motivation, patients experienced
more productive office visits. A physician noticed that the portal
“helps start a conversation when there’s so much to cover.”
Another physician confirmed that notion and said the portal
created “patient led agendas rather than the physician leading

the agenda.” He continued, “I’ve had patients who have already
looked at their laboratory results before they come in.”
Physicians noticed that patients altered their behavior and even
researched possible treatment options before their appointment.

Generates Workplace Efficiencies

Although many more negative incidents focused on how the
portal has the potential to create additional work, positive
incidents highlighted how the portal contributes to a more
efficient working environment. For instance, reminders delivered
to patients via the portal lessened the need for unit clerks to call
and remind patients about upcoming examinations. A physician
agreed that reminders were particularly useful because they
prevented unit clerks from interpreting medical information. In
addition, less time was devoted to playing “phone tag” because
patients could correct errors, such as 1 incident in which a
patient’s file stated that her last colonoscopy was 12 years ago,
even though the procedure was performed 5 years ago.

Negative Incidents
Clinicians’ incidents overlapped with patients’, and in many
cases, reinforced what patients experienced. Negative incidents
fell into 3 main categories: (1) lack of feedback, (2) fears that
the portal can increase workload, and (3) inappropriate use of
the system.

Lack of Feedback

Clinicians considered the portal a valuable tool, but
acknowledged that it contained flaws. Perhaps the biggest flaw,
which accounted for 40% (8/20) of negative incidents, was that
clinicians could not confirm whether patients viewed or
understood information that was input into the portal. A nurse
summarized the problem by describing how she typed the
analysis of laboratory results or medication directions, but was
unaware whether patients either saw the information input or
understood its meaning.

In other scenarios, clinicians received inquiries from patients,
but the portal was not deemed an appropriate forum to discuss
the matter. For example, a resident recalled the following
predicament: “You get this message and you want to answer
it...but I find that if that question pushes the boundaries of what
I should do outside of an office visit, maybe I should bring them
in? But they’re asking for it, so I send the anti-biotic I otherwise
wouldn’t.”

Another issue that compressed communication between patients
and clinicians was the belief that the portal was not equipped
to handle complex communication. A doctor brought up the
issue of cancer screening and said, “The problem is there are
different ways to do it. We all know we should screen for colon
cancer. When I see a patient in person, I ask them do you want
to do a colonoscopy or annual stool test?” According to
clinicians, a much richer communication platform was needed
to conduct meaningful conversations.

Fears of Increased Workload

Although clinicians cited specific instances in which the portal
generated efficiency in the office, there was still speculation
that increased use of the portal would create additional work.
Nurses were worried that patients would call the office at greater
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frequencies because sometimes “patients look at laboratory
results and one thing is a little off, so they freak out and they’re
calling us and asking.” Physicians were also concerned about
devoting more time to addressing patients’ questions because,
as one doctor said, “It is frankly time we don’t get reimbursed
for.” Since physicians did not receive confirmation that the
patient viewed the message, they had to take the time to call
the patient and ensure the information was communicated.

Inappropriate Use of the System

Surprisingly, clinicians acknowledged that they sometimes
purposefully contributed complex medical jargon. For instance,
nurses said that younger doctors entered sophisticated terms
because they wanted to impress their supervisors who may see
the information they input. Physicians with more seniority were
also at fault. Nurses complained that many doctors wrote

messages meant for nurses and were unaware that patients were
also capable of viewing them.

Sometimes, physicians recognized that content on the portal
was not written in a sensitive manner. A doctor said, “I’ve had
a few patients who get the health maintenance reminders and
say, ‘my portal says I’m fat.’” Other doctors felt that the content
on the portal may be suitable for the average patient, but might
be beyond comprehension for patients who are not native
English speakers.

Thematic Analysis of the Portal

On the basis of attributes of immediacy (interactivity,
personalization, engagement, motivates behavior, enhances
understanding), we examined the portal as to whether the
characteristics were present (summarized in Table 2).
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Table 2. Presence (+) or absence (–) of immediacy characteristics in the patient portal MyPreventiveCare.

EngagementInteractivityMotivates behaviorPersonalizationEnhances understand-
ing

Preventive care recommendations

++++–Summary page

––+++Take aspirin

––+++Get tested for diabetes

––+++You have high blood pressure

––+++Get a tetanus shot

Other recommended behavior

–++++Mammogram

–++++Cervical cancer

–++++Colon cancer testing

––+++Cholesterol

––+++Diet

––+++Exercise

–––++Smoking

–––+–Weight

––+++Pneumonia vaccine

–––++Flu vaccine

––+++Bone density

Laboratory results

–––+–Your labs

Edit information section

+++++Update page

Library

–––––Dictionary

–––––Setting priorities

–++–+Prevention topics A–Z

–++–+Self-management tools

Help

––+–+Help page

Contact us

––––n/aaContact page

2/24 (8%)7/24 (29%)17/24 (71%)18/24 (75%)19/23 (78%)Characteristics present, n (%)

an/a: not applicable.

Enhances Understanding

This category measured whether content allowed patients to
understand not only what to do, but why to do it. We did not
review the “Contact” page because its content was not
applicable. This section received the highest score, with 78%
(18/23) of the portal’s content contributing to enhancing
understanding.

The way in which information was presented was integral to
enhancing patients’understanding. Patient #28 commented how

the bulleted lists made it easier to process recommendations.
Moreover, the use of graphics supported the text it accompanied.
For example, an image on the “Exercise” page of a man playing
basketball contributed to reinforcing healthy behavior, while
photographs of individuals eating fresh vegetables on the “Diet”
page emphasized the concept of healthy eating and made it more
appealing. Showcasing positive behaviors supplemented the
information presented and served as a model to apply
recommendations. Other factors that enhanced understanding
were detailed explanations. For instance, on the “Take aspirin”
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page, an initial header outlined the patient’s health status, such
as whether they smoked and whether they were taking an aspirin
dosage. Next, a brief explanation on the benefits of aspirin
appeared, followed by the criteria for whether aspirin is
appropriate, next steps, and several related links to more
information about aspirin, as well as heart disease. Similarly,
T-scores were described in the “Bone density” section, including
how weight influences blood pressure. Throughout the portal,
simple and direct language was used, demonstrated by the
average word length at only 6 letters, which contributes to
enhancing patient understanding.

Personalization

Personalization was determined by an enhanced sense of
inclusion and cooperation to match users’needs and wants. The
main way personalization was achieved came through language,
such as using pronouns (“we” or “you”), as well as providing
unique information applicable to an individual’s life. For
instance, recommendations were offered, like “You are due to
get another tetanus shot now” and, after listing a patient’s
medical information, the following text was generated: “These
conditions place you at higher risk for heart disease.” The
portal’s customized content contributed to 75% (18/24) of pages
having the quality of personalization.

Although we gave credit for personalization, terms like “you”
and “your” were inconsistent. On the “Your labs” page,
information was written in a very clinical manner, negating past
attempts at personalization. The text read, “Patient would like
a mammogram,” instead of using “you” or the patient’s name.
This was especially true on the dashboard, which was the first
page that appeared when a patient logged in. At the top, it read,
“You are here,” instead of immediately establishing
personalization by using the patient’s name.

Other areas of the portal lacking personalization were the
“Dictionary” and “Prevention topics” pages, which listed topics
that could be irrelevant to patients, such as information about
cervical cancer to male patients. Lastly, stock photographs of
physicians were used throughout the portal instead of photos
of clinicians familiar to patients.

Motivates Behavior

Aspects of the portal that motivated positive health behavior
had to be actionable, meaning participation was encouraged to
perform the activity, like scheduling an exam. Over 70% (17/24,
71%) of content had features that could motivate behavior.
Every page within the “Preventive care you need now” section
fulfilled the motivational behavior criteria by using verbs that
promoted action, like “talk with your doctor” and “protect
yourself.” Understanding that losing weight is challenging, on
the “Your next steps” section of the “Diet” page, the text
attempted to motivate patients by stating, “Keep eating five or
more servings of vegetables and fruits per day.” However, we
did not consider the “Smoking,” “Weight,” and “Flu vaccine”
pages to be motivational because the content was overly passive.
Confirming this analysis, patient #31, with diabetes, thought
that the content should be “scarier” to motivate people to change
their behavior. She acknowledged that losing weight would
assist with her diabetes management, but after reviewing the
content, she said, “I’m not scared enough to be doing all the

things I ought to be doing.” Similarly, the “Flu” page
recommended as a next step, “Talk with your doctor about
getting a flu shot.” Although an action verb was used and
previous content provided an overview of benefits, no urgency
to get the vaccine was generated.

Interactivity

Interactivity included synchronous communication, the ability
of a user to take control, or any function that enabled the user
to become involved more deeply within the content. We found
only 29% (7/24) of the pages to have characteristics of
interactivity. There were very few opportunities to interact with
the portal aside from reading text. Interactive quizzes,
cholesterol calculators, and other risk assessment tools were
presented as external links, which took the user away from the
portal. Lack of interactivity was confirmed by a doctor who was
frustrated over the system’s asynchronous communication. He
said, “The patient can’t contact us directly. Instead, they have
to go through the nurse and we review it a few hours later, or a
day later, and then it becomes broken communication.”
However, a relatively strong aspect of the portal’s interactivity
was the ability for the user to control the navigation and choose
the area accessed. For instance, the “Self-management tools”
page allowed for patients to find specific information relevant
to their condition, while the mammogram and cervical cancer
pages enabled the patient to input dates of their last test and
whether abnormal results appeared.

Opportunities for greater interactivity were available on most
pages. For instance, the “Take aspirin” page asked questions
about risk, but there was no way for the patient to answer those
questions and receive timely feedback. Also, the “Your labs”
page had a row of physician comments, but it was not possible
for the patient to respond, make an appointment, or get more
information.

Engagement

Engagement received the lowest score with 8% (2/24). Only 2
webpages were deemed engaging, having content that made the
user want to further explore the website by creating physical,
cognitive, or emotional involvement.

The main “Preventive care you need now” page made bold
proclamations, like “You have high blood pressure,” which
would get a patient’s attention and impel them to further explore.
The rest of the pages did not have enough personalized content
to be engaging. For example, the “Mammogram” page made a
recommendation for women age 40–84 years instead of
providing more specific advice based on the patient’s specific
age. The “Self-management tools” page included links within
19 specific content categories, including exercise, healthy diet,
and smoking cessation, but required that a patient scroll through
almost 200 links.

Consequences of Incidents and Immediacy Levels
We synthesized the patients’ and clinicians’ incidents with
results of the content analysis to identify domains that would
improve website functionality. We discovered the following 2
themes: (1) communication can be improved with directness
and interactivity and (2) standardization contributes to patient
disengagement.
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Communication Can Be Improved With Directness
and Interactivity
While the intention of the portal was to provide direct
information to augment the patient’s care, both patients and
clinicians found that the portal sometimes hampered the
communication process. The portal provided general awareness
overviews; however, patients yearned for specific information
about how a particular treatment personally affected them.
Therefore, patients used other online sources for more specific
information.

Patient #9 said, “Sometimes I have back pain and I cannot come
to the primary care doctor, but I need some information.” This
patient’s comments aligned with many other patients’ views,
whose first instinct was to seek outside sources rather than rely
on the portal. Furthermore, patients needed detailed information
between visits to manage chronic diseases. For instance, patient
#31, with type 2 diabetes, was concerned about managing her
blood sugar. She said, “I’m not sure I’m always doing the right
things” and the portal could not be counted on as a resource to
help her manage specificities of the disease. Patients became
disinterested in the portal’s content, because as patient #19 said,
“I pretty much know all this stuff.” Patient #21 considered the
portal “dumbed down” and mentioned that, since he was due
for a prostate exam, he already conducted basic research.
Perhaps, if patients deemed content to be authoritative and felt
that it was coming directly from the clinician, they would find
it more helpful and seek out the portal between scheduled visits.
By using alternative websites, patients would combine the vetted
and personalized information from the portal with
recommendations from the other websites, which may or may
not be beneficial given the patient’s specific medical history.

Similarly, clinicians reported that they were unable to effectively
communicate in an appropriate manner through the portal. They
were unsure whether patients read their instructions, and
asynchronous communication patterns disrupted care.

Standardization Contributes to Patient Disengagement
Although content was personalized, patients largely viewed the
portal as just another platform offering standardized information,
which minimized patients’ assessment of it as a resource for
delivering personalized health recommendations.

Lack of Personal Relevance
Patient #25 became indifferent and dismissed the portal as a
helpful tool after reading the section about weight loss. He
responded, “Yeah, but what do I do with it? I’m overweight. I
need to lose weight. Got it.” Patient #8 was unimpressed with
the recommendations and said, “A lot of the information, the
basics, this is stuff I could read on CNN health’s website. [It]
doesn’t tell me much.” Similarly, patient #20 was disappointed
with the portal’s lack of guidance about vitamins. Since the
efficacy of vitamins is not evidence based and therefore would
not be recommended by the clinician, the portal’s content did
not address vitamins.

Not Motivational
Overall, the portal did not provide actionable information,
leaving patients with little motivation to use the system. Patient

#27 said, “This is not motivating. Maybe if it gave me examples,
like go for a walk or have an apple with lunch.” Lack of
specificity was best exemplified by patient #4, who visited the
physician for a flu shot even though it had been years since she
last received the vaccine. She thought the portal’s flu shot
content was “generic” and it did not inspire her, but said, “I am
here today because I’ve been told by my daughter’s baby’s
pediatrician that I need to get a flu shot.”

Discussion

Principal Findings
Conducting a multiple methodological study on a patient portal
as a case study revealed that many factors need to be considered
when delivering personalized health information via a portal.
It was necessary to use multiple methods and involve numerous
stakeholders to truly understand the complexity of the user
experience. The combination of gathering critical incidents from
patients and clinicians, and analyzing the themes of the portal’s
content enabled us to simultaneously confirm the results through
a concurrent triangulation strategy [43].

Findings suggest that personalized content must contain higher
levels of engagement and interactivity. This may be
accomplished through increased levels of immediacy, which
has been associated with greater patient satisfaction,
understanding [13,44], and compliance [45]. Communication
strategies incorporating immediacy, like adding personalized
content addressing patients’ concerns about treatment, can
contribute to humanizing interactions between patients and
clinicians, encouraging patient participation and building trust
[8].

Making portals more immediate through other forms of health
information technology hold the opportunity for greater levels
of engagement [46]. For instance, interactive videos to inform
patients about elective back surgery helped facilitate decision
making and informed consent [47]. Compared with reading text,
watching videos has the ability to improve patients’ knowledge
of health risks [48]. Furthermore, videos featuring information
directly from a patient’s clinician could make the content seem
more authoritative and personal.

Although implementation and integration of health portals has
initially been slow [49], dramatic growth is expected due to
patient demand and physician adoption [50]. Therefore, it is
necessary to design patient-centric systems that provide
comprehensive, coordinated value to patients, while also meeting
the needs of clinicians [51]. In fact, clinician endorsement and
engagement with the portal is an important factor that influences
patient adoption [52].

The portal used for this case study has been at the forefront of
personalizing content, but even more is needed. While the
majority of webpages fulfilled the definition of personalization,
patients expected a higher level of personalization akin to
sophisticated mobile phones and social networking websites.
This tension between patients’ expectations of personalization
and clinician guidelines is pronounced because patients’
expectations of the portal’s main function differ from clinicians’.
While the goal of the portal used in this study was primarily to
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educate and motivate patients for preventive screenings, patients
considered the portal to be a mechanism to organize all of their
health care needs. Sections with the highest level of
personalization were on the preventive care pages, but patients
expected similar personalization levels on laboratory results
and medication pages. Based on this study’s findings, the
objective of portals needs to be better communicated to patients,
and future modifications should consider patients’expectations.
A portal rich with immediacy not only has the capacity to fulfill
patients’ desires, but also has the potential to improve the
medical environment. Results from this study indicated that
clinicians worry about increases in workload, but they also
realize the potential for portals to create greater efficiency.

Limitations and Future Directions
There were several limitations to this study. It would have been
beneficial to have greater representation of adults from various
age ranges, ethnicities, and socioeconomic classes. Participants
represented only a small subset of all users, and recruitment

likely selectively targeted those with strongly positive or
negative impressions. In addition, comparisons across other
health care information systems would have been beneficial to
contrast differences and illuminate the various ways that systems
are used. Future research should focus on analyzing the content,
design, and usability of portals. In addition, research should
analyze how patients use the portal’s content to determine
whether it is a factor influencing health behavior.

Conclusions
Through the analysis of this portal, we found that higher levels
of immediacy are necessary to sufficiently motivate patients to
take preventive care measures. Portals are becoming a fixture
of every medical office; therefore, it is necessary to modernize
portals so that they can achieve their potential of enhancing
health communication and improving health outcomes. The
methods used in this study can be replicated when analyzing
other patient portals, and conclusions can inform designers to
develop more effective health information communication.
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Abstract

Background: The Internet has provided women living with endometriosis new opportunities to seek support online. Online
support groups may provide a range of therapeutic affordances that may benefit these women.

Objective: To examine the presence of therapeutic affordances as perceived by women who use endometriosis online support
groups.

Methods: Sixty-nine women (aged 19-50 years, mean 34.2 years; 65.2% (45/69) United Kingdom, 21.7% (15/69) United States)
participated in a Web-based interview exploring online support group use. Participants had been using online support groups for
an average of 2 years and 4 months (range = 1 month to 14 years, 9 months). Responses were analyzed using inductive thematic
analysis.

Results: The analysis revealed 4 therapeutic affordances related to online support group use: (1) “connection,” that is, the ability
to connect in order to support each other, exchange advice, and to try to overcome feelings of loneliness; (2) “exploration,” that
is, the ability to look for information, learn, and bolster their knowledge; (3) “narration,” that is, the ability to share their experiences,
as well as read about the experiences of others; and (4) “self-presentation,” that is, the ability to manage how they present
themselves online. The associated outcomes of use were predominantly positive, such as reassurance and improved coping.
However, a number of negative aspects were revealed including the following: concerns about the accuracy of information,
arguments between members, overreliance on the group, becoming upset by negative experiences or good news items, and
confidentiality of personal information.

Conclusions: Our findings support the previously proposed SCENA (Self-presentation, Connection, Exploration, Narration,
and Adaptation) model and reveal a range of positive aspects that may benefit members, particularly in relation to reassurance
and coping. However, negative aspects need to be addressed to maximize the potential benefit of support groups. Some of these
can be addressed relatively easily through making privacy policies clearer, including health professionals to moderate content,
and structuring forums to encourage the sharing of positive stories.

(J Med Internet Res 2016;18(5):e109)   doi:10.2196/jmir.5548

KEYWORDS

endometriosis, social network, social support, qualitative research

Introduction

Endometriosis is a chronic condition that affects women of
reproductive age. It is defined as the presence of endometrial

tissue outside the uterine cavity, which induces a local
inflammatory response [1]. Common symptoms include chronic
pelvic pain, dysmenorrhea, fatigue, heavy menstrual bleeding,
and dyspareunia. Estimates of the prevalence of the condition
range between 2% and 17% of the female population [2];
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however, the prevalence can increase to up to 47% in women
with fertility issues [3]. Women typically experience a delay
before diagnosis [4-6] with long-term care focused on symptom
management [7,8]. Psychosocial effects are also common,
including high levels of depression and anxiety [9-11], emotional
distress [12,13], and poorer quality of life [9,14]. Endometriosis
can negatively affect social life, work, and daily activities
[15-17] as well as education, finances, life opportunities [18],
personal relationship quality [8], and physical intimacy [19].

Women living with endometriosis typically need considerable
support to meet the various challenges associated with the
condition [20], and access to it may yield benefits through a
reduction in illness-related stress [21] and improvements in
well-being [22]. However, women with endometriosis often
describe a lack of support [23,24], encounter feelings of social
isolation [13], and find it difficult to disclose their condition
and symptoms to others because of embarrassment or a fear of
not being believed [16]. It can be difficult for these women to
find an understanding and knowledgeable source of support,
especially as the support may be needed for many years [20].
Finding other women with endometriosis, who understand the
constant struggles, is therefore potentially a valuable source of
support for them [16,20]. However, women often lack contacts
with other women with the condition [23], or they may be unable
to attend local support groups, should any exist, because of pain
restrictions. The Internet therefore becomes a key resource when
seeking the support of other women living with endometriosis
[16,20].

Over recent years, the popularity of using the Internet for
information and support has been growing; in 2013, 43% of
adults in the United Kingdom [25] and 72% in the United States
[26] accessed health information online. Furthermore, up to a
quarter of Internet users have gone online to read about other
people’s experience of a health-related problem and 16% to
find others with the same problem [26]. The popularity of using
the Internet for such purposes may be explained by its flexibility;
it does not have the same restrictions as face-to-face support
groups with regard to set times or locations [27]. The lack of
face-to-face contact can also help users feel less inhibited and
talk openly about embarrassing topics [28] or stigmatized health
conditions [29].

Previous research has suggested that women with endometriosis
do find the Internet to be a valuable source of information
regarding both the condition and its medical management
[30,31]. To date, however, there is lack of research into the use
of online support groups for endometriosis. In contrast, research
exploring the role of online support groups across other
long-term conditions has been extensive and has found their
use to have benefits including the provision of emotional support
[32], instilling hope [33], fostering empowerment [32,34], and
reducing feelings of isolation [35].

However, although such benefits are common, there can also
be negative aspects of online support group use. Research has
indicated that their use can lead to distress, particularly when
reading about others’ negative experiences [35]. Users can also
become obsessed with the groups [35] or display disinhibition
due to the anonymous interface of the groups [28]. Furthermore,

there is a risk that the medical information that is shared online
is potentially inaccurate [36].

In order to understand how the use of online support groups
might influence the outcomes of those living with endometriosis,
this study considered the therapeutic affordances of online
support group use. The origins of affordance theory stem from
perceptual and cognitive psychology and are based on how
individuals perceive the objects in their environment, pertaining
to both what the object is and what potential uses it affords [37].
The properties of an object will therefore contribute to its
perceived affordance. Furthermore, the differing experiences,
beliefs, and goals of an individual will lead to different perceived
affordances, and so affordances are unique to each individual
[38]. The emphasis in the theory is on the interaction between
the user and the object and its resulting outcomes.

Therapeutic affordances can therefore be seen as the “actionable
possibilities” of the object as determined by the user [39], and
the object in this instance is online support groups. Studying
therapeutic affordances allows us to look at both the uses and
effects of online support groups. This research will therefore
provide further insight into the use of online support groups
than previous research, as it will examine the underlying
mechanisms that drive the observed effects and outcomes of
support group use [39].

Previous research on therapeutic affordances within a health
context is lacking. However, Merolli et al [39] examined the
therapeutic affordances of social media use in people with
chronic pain. They identified five therapeutic affordances of
social media: self-presentation, connection, exploration,
narration, and adaptation. The results highlight both the
“actionable possibilities” of social media use, that is, connection,
and the therapeutic value of such, that is, not feeling alone.
Their work provides a good point of comparison for our study;
however, there are important differences such as the health
condition being studied and the different “object.” Online
support groups have different properties than social media and
therefore may enable different affordances. Specifically, online
support groups tend to use an asynchronous discussion forum
format, through which individual group members can post
messages to start new conversations, or reply to messages within
existing conversations, thereby creating a tree-like structure of
discussion threads.

The aim of this study therefore was to explore the therapeutic
affordances of online support group use in women with
endometriosis and the resulting outcomes. The results of this
research will yield a richer understanding of both the therapeutic
benefits of online support groups and the needs of women living
with endometriosis.

Methods

Procedure
This research involved the recruitment of women (aged 16 years
or older) who use online support groups for endometriosis. They
were recruited through messages posted onto the boards of such
support groups, during a 4-week recruitment period from June
16 to July 13, 2015. In order to identify potential recruitment
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channels, searches were conducted on Google, using terms such
as “online support group endometriosis” and “endometriosis
support group,” as well as similar searches on Facebook. The
groups that appeared to be the most recently active (some had
been dormant for a number of months) were selected as potential
recruitment channels.

Initial contact was made with the board moderators to seek
permission to recruit their group members via a message posted
onto the boards of the groups. It was made clear to the
moderators that the research focused on women’s experiences
of using such groups, and they were given the opportunity to
review the message before posting. Once permission was
granted, the recruitment message was posted, which explained
the aims of the study and invited those interested to click on a
link to the survey, hosted by Bristol Online Surveys. There was
a degree of variation in the final boards used for recruitment,
having 1 general endometriosis online support group, 1 board
hosted by an online fertility support group, and 1 group hosted
by Facebook.

When directed to the survey page, participants were provided
with additional information about the study, and they were then
required to complete a consent form before beginning the
survey. Participants first completed a series of short answer
questions relating to their background (date of birth, country of
residence, diagnostic status, and so on) and use of online support
groups (frequency, period of use). Next, they were invited to
respond to a set of open-ended questions that explored their
motives and experiences of using online support groups and
whether their use has any effect on how they cope with or
manage the condition.

Data analysis
In order to provide a rich account of the data, the responses to
the open-ended questions were qualitatively analyzed using
deductive-inductive semantic thematic analysis [40]. This
analysis approach allows for the identification of common
themes across the dataset and therefore closely reflects the data
and the language used by participants. This is particularly
important given the aims of this study.

The analysis was carried out by the first author (AS) according
to the guidelines proposed by Braun and Clarke [40], and QSR’s
NVivo 10 software was used to maintain an audit trail. First, to
become familiarized with the data, the transcripts were read and
reread several times and initial ideas about the data were noted
down. Next, interesting features of the data were coded, keeping
codes close to the language used by participants where possible.
Codes were then organized into meaningful groups to form
potential themes. Codes that appeared consistently throughout
the data were automatically considered as a potential inductive
theme. Data relevant to each potential theme were gathered,

and then themes were reviewed, refined, and given a clear
definition and name. Reviewing the common language used in
these themes allowed them to be organized into the final
therapeutic affordances. To reduce bias and check whether the
themes reflected the data, an independent researcher read
through some of the transcripts and agreement was reached on
the final themes.

Ethical Considerations
Before data collection, the research was reviewed and approved
by the University of Nottingham (United Kingdom) institutional
ethics review committee. In order to maintain ethical
requirements, participants were provided with full study
information that informed them of their rights as a research
participant, procedures of withdrawal, and full contact details
of the researchers. Before beginning the survey, participants
were required to complete a Web-based consent form indicating
that they understood such rights. They were each asked to
provide a unique password to allow for their data to be
withdrawn if they so wished after survey completion and were
given a time frame within which they could withdraw. They
were informed that, to maintain privacy and confidentiality, no
personally identifiable information would be reported in the
results. Furthermore, they were able to indicate during consent
if they were happy for their responses to be quoted in research
reports (3 participants chose not to have their responses quoted).
In order to meet ethical requirements, quotes provided in the
report only identify participants by their responder number (ie,
Respondent 17).

Results

In total, 69 participants completed the Web-based survey. The
respondents were aged between 19 and 50 years, with a mean
age of 34.2 years, and the majority were residents of the United
Kingdom (65.2% 45/69) or the United States (21.7% 15/69).
Of the respondents, 66 (95.7%) had received a confirmed
diagnosis of endometriosis, which was made between 1 month
and 20 years before survey completion (mean time since
diagnosis = 4 years, 1 month). Participants had been using online
support groups for endometriosis for between 1 month and 14
years, 9 months (mean use period = 2 years, 4 months), and
most participants (59.4% 41/69) accessed the groups more than
5 days a week.

Following deductive-inductive thematic analysis, the therapeutic
affordances that were present in the data were “connection,”
“exploration,” “narration,” and “self-presentation.” Quotes were
largely positive; however, participants did refer to some negative
aspects afforded by online support groups. Table 1 describes
the inductive themes that emerged from the data analysis within
each affordance and the key language used by participants.
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Table 1. Final therapeutic affordances, inductive themes, and descriptive language.

LanguageThemesTherapeutic affordance

Talk

Advice

Alone

Support

Friends

Community

Understanding

Contact with others with endometriosis

Support

Exchanging advice

Forming relationships

Mitigating isolation

Freedom of access

Connection

Find

Learn

Discover

Look

Know

Information seeking

Credibility

Learning/knowledge

Empowerment

Exploration

Stories

Share

Hear

Experiences

Competition

Negativity

Sharing experience

Reassurance

Disheartening

Narration

Confidential

Private

Embarrassing

Privacy

Disclosure

Self-presentation

Connection
The most frequently cited affordance of online support groups
was the ability to connect with others, and participants used this
connection to support each other, exchange advice, and to try
to overcome feelings of loneliness. They benefited from the
freedom to connect with a large number of individuals and at
all hours of the day or night.

Participants frequently commented on their ability to connect
with other women who have endometriosis through the online
support groups. They demonstrated a sense of relief at finding
those who “understand” what they are going though: “...to be
able to connect with others suffering the same just gives you
some piece of mind” [Respondent 28] and “...having a place to
speak freely with people who completely understand & offer
love, encouragement & advice is a great help at times of need”
[Respondent 11]. Finding an understanding support network
had also significantly helped women to cope with the condition:
“After years of struggling with GP's finding other people who
understood played a huge part in making me feel normal again”
[Respondent 25] and “I think one of the reasons I haven't had
a nervous break down or gotten depressed is because of the
groups. I have people who understand what I'm going through
and can give me advice” [Respondent 10].

Participants spoke positively of the support they were able to
offer each other through online support groups: “The support
is great” [Respondent 29] and “[I] have found the support online
invaluable” [Respondent 4]. In some instances, this support had
a marked effect on women’s lives, enabling improved coping
and confidence in seeking better treatments: “...talking through
some of the darker times with women who know what I’m going

through has been hugely helpful and I feel I am coping better
than I was before” [Respondent 16], “I also received support
from lots of ladies when I didn’t know how to make myself
heard...” [Respondent 32], and “I am also going to ask to be
referred to a specialist because of support from others on this
forum” [Respondent 5].

Receiving support was described by many as a key motivation
for online support group use. However, some women also talked
favorably about providing support to others, finding the process
to be rewarding, and even of psychological benefit: “I feel I can
provide some help & support to the ladies because I have a lot
of experience...” [Respondent 11] and “...the rewarding feeling
following directly supporting others has improved my mental
wellbeing...” [Respondent 16].

A large number of participants spoke about how online support
groups had allowed them to share advice, either on general
matters, or those related to treatments or self-management
behaviors. Participants often used words such as “appreciate”
or “valuable” when talking about advice received from others:
“The advice and support received is invaluable...” [Respondent
25], “I also really appreciate the advice and support these groups
offer” [Respondent 27], and “I have had valuable advice on
symptom relief, side effects of treatments, post op care etc etc”
[Respondent 51]. Women also found it helpful to provide advice
to others, experiencing a positive feeling from doing so: “...I
feel like it is helpful to me to be able to help other women, with
comments and advice” [Respondent 13].

Advice in general was gratefully received, although some
participants expressed caution at the medical advice shared
through these platforms: “...I’m not going to take medical advice
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through Facebook” [Respondent 42]. Some indicated that
although they do read the advice, they would usually ultimately
check it with their medical professionals and follow their advice:
“I feel that the online group helps answer any questions...but I
have always gone ahead with what I thought or the medical staff
say” [Respondent 33] and “I do listen to the advice but in the
end I usually go with what my consultant suggests even if it's
not what I want” [Respondent 67].

The most frequently occurring theme within “connection” was
that of mitigating isolation; the online support groups had
allowed participants not to feel alone. The word “alone” was
mentioned by several respondents, and many talked about the
isolating nature of endometriosis: “I feel less alone in the
groups- I know I'm not the only one experiencing this”
[Respondent 22], “Also knowing you are not alone in your
struggle, as endometriosis can be very isolating...” [Respondent
9], and “I was feeling so alone and very down before I
discovered there was others just like me who understood what
a struggle constant pain could be” [Respondent 25].

Having found others in a similar position to themselves, women
were able to feel acceptance of their condition: “Now I know
that there are other women suffering I can accept that this is
actually happening to me!” [Respondent 22] and “...knowing
that what I'm feeling is real...that I'm not alone” [Respondent
23]. They were also able to feel reassured about any unusual
symptoms experienced: “There are symptoms I've experienced
that I thought was unique to me only to find that many others
have the same issues. It was through the online support groups
that I found I wasn't alone” [Respondent 60].

Connections made through online support groups could be very
strong, with some talking of the relationships they had formed
with other people. They often used words such as “friends” and
“community” when talking about their connections with others:
“I've made quite a few friends who I speak with regularly”
[Respondent 22], “I've made good friends” [Respondent 20],
and “...I have increasingly used the forum to seek community...”
[Respondent 8]. One woman particularly emphasized the role
of these online support groups in enabling connections she could
not have found elsewhere: “I find a sense of community there
that I can’t find in the physical world” [Respondent 8].

However, connecting to others through the support groups did
not always foster positive outcomes. Participants alluded to
problems in communication that they had witnessed between
other members, such as arguments: “There are sometimes
arguments about what is the best treatment” [Respondent 22]
and “I have seen many posts get out of order & things can
escalate quickly...” [Respondent 11]. This was also reiterated
by a member of the administration team for one support group:
“As an admin on [name of OSG], I do sometimes have to deal
with arguments and the usual sort of online drama...”
[Respondent 50]. Although such incidents caused frustration,
they were only mentioned by a minority of participants. One
participant even found the positive side to it, citing it as a source
of entertainment: “I visit the group now far more due to fear of
missing a scandal! It's a hive of bitchiness - better than a soap
opera” [Respondent 18].

The final theme relating to “connection” was how online support
groups allowed participants the freedom to access people. This
could be access to a large number of people: “In the groups I
could ask 100s /1000s of people questions...” [Respondent 22];
or access at any time of the day or night: “The main benefits of
being in an online support group is that you have access 24/7”
[Respondent 1]. Access to such high volumes of people meant
that online support groups enabled women to get help and
support quite quickly if they needed it: “Any time I have a
question I can post and get reassurance and answers rather
quickly” [Respondent 22]. This could be particularly comforting
at times when participants were suffering physically or
psychologically; “...I have had three laparoscopies in the past
and to know others are there whenever in need is lovely”
[Respondent 29] and “Knowing that there is always someone
there to listen when things get bad or I am feeling down”
[Respondent 67].

A small number of women described potential pitfalls arising
from this freedom of access. Having constant access to such
platforms could cause preoccupation: “Possibly a bit pre
occupied with the group” [Respondent 41] and “My life revolves
round Facebook etc because I can do so little” [Respondent 18].
Furthermore, one woman felt that access to so many people
actually negated the support she was seeking: “No one responds
to my posts. There are too many posts/people and not enough
support to go around” [Respondent 24].

Exploration
The second largest affordance of online support groups for those
with endometriosis was “exploration.” Women were able to
look for information, learn, and bolster their knowledge, and in
doing so appeared to feel more empowered.

Participants frequently described how their use of online support
groups had enabled them to seek out information, from general
information about the condition to more specific information
on treatments, research, and specialists. Many commented on
how they were able to find information that had not been
provided by medical professionals: “Additional information
that may not have been given by my own consultant”
[Respondent 44] and “I do not think I would have obtained the
high quality of this information from the medical community
directly” [Respondent 37]. Again, positive words were used
when describing the information gathered through online support
groups: “...obtaining invaluable information on the condition...”
[Respondent 14] and “...and overall wealth of information has
been immensely helpful” [Respondent 38].

Although most participants valued the information found
through this platform, some expressed concerns about the quality
of information being given on such sites: “However it was / is
also a minefield of myths and misinformation...” [Respondent
61] and “I feel like someone a bit younger might fall pray to
some of the misinformation some women provide” [Respondent
2]. In a similar vein, some questioned the credibility of the
sources of information and were concerned about people
self-appointing themselves as experts: “There are some who
think they are experts but really are not” [Respondent 51].
Participants generally felt the information was credible if it
came from a medical expert: “I tend to only really listen to the
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advice from the specialists who post and answer questions,
regarding current research” [Respondent 55]. Alternatively, a
number of women stated that they will do further research on
any information obtained: “I conduct my own web based
research in order to validate information I have obtained from
online support groups” [Respondent 37].

A common theme talked about by participants was how online
support groups had facilitated their learning and knowledge.
This learning encompassed a wide range of factors, as it could
be about the disease itself, the symptoms, treatment options, or
self-management techniques: “In the forums I've learned so
much about what the disease is, the proper surgery (excision vs
ablation), the best doctors, and how to deal with the day to day
misery of this disease” [Respondent 62] and “...I've learned
about books to read, and diet, and supplements, and various
other ways to deal with the symptoms” [Respondent 20]. Again,
participants alluded to how the learning facilitated by these
groups went above and beyond what they could have received
from their doctors: “The information received from the medical
community doesn’t even come close to the details of what I
have learned in online Support groups” [Respondent 37].

This new knowledge received through the online support groups
facilitated improvements in the self-management of the
condition: “It has improved my health literacy around managing
my own condition, which I am really grateful for” [Respondent
8] and “I know about staying ahead of the pain now. In times
where I have previously gone to hospital with extreme pain I
have piggy-backed painkillers as suggested in forums and been
able to manage things at home” [Respondent 19]. It also helped
to foster a sense of reassurance for the women, that what they
have been experiencing is normal: “I also understand a lot more
so I can rationalise what is happening to me” [Respondent 22]
and “It has helped me understand why I have continued pain,
despite multiple surgeries, and what I need to do to hopefully
help revolve [sic] or at least reduce it” [Respondent 50].

A particularly pertinent outcome of the learning and knowledge
facilitated by online support groups was a sense of
empowerment. This was mentioned by many participants:
“Knowing more about the condition from the group has made
me more empowered” [Respondent 19] and “I feel a lot more
empowered now that I have a reasonable understanding of the
disease, this allows me to feel more in control and be better
informed in the decisions I make about treatment” [Respondent
61]. In fact, many participants talked about how they now felt
in control or more knowledgeable about their treatment options.
As a consequence, they were able to attend medical
appointments feeling more prepared and confident: “...the
information obtained from online support groups helps me to
be more prepared when speaking with medical practitioners...”
[Respondent 37] and “I feel more confident about seeing medical
professionals and getting a good standard of care as the support
groups have provided me with sources of information that I
have used to educate myself” [Respondent 19].

Narration
Although slightly modest in size compared with the previous
two affordances, participants did frequently comment on their
use of online support groups to share their experiences, as well

as hear the experiences of others. Through such narration, and
that of others, participants were provided with a sense of
reassurance, although at times it could also cause feelings of
distress and disheartenment.

The majority of the “narration” quotes related to accessing the
experiences of others, but a few did talk about how they had
shared their own experiences with the condition. In doing so,
participants described positive feelings and reassurance: “My
mental health has improved by being able to share my
experience...” [Respondent 16] and “I had a few really painful
examinations I shared this with the group and found support
and was also told this was not uncommon with woman with
endo...” [Respondent 68]. Some also mentioned the benefits of
sharing experiences as a two-way process: “I also benefit from
the fact that we are able to discuss and share our experiences
and outcomes with specialists...” [Respondent 50] and “It is
nice to share stories and hear from others about their journey
with endometriosis” [Respondent 3].

The responses that related to accessing the experiences of others
were relatively evenly spread with regard to whether they
fostered positive or negative outcomes. On a positive note,
participants talked about how hearing those experiences have
helped them: “Seeing other people's stories, be it success or
negative stories as you can learn from both and gain some
insight...” [Respondent 62] and “The personal experiences the
other women have had and their outcomes of different
treatments. Helps me to decide what to do next” [Respondent
43].

The experiences of others provided participants with feelings
of reassurance about what they themselves had been
experiencing. For example, one woman stated, “I feel reassured
that many women with endo have similar frightening symptoms”
[Respondent 7]. Another found that it helped to validate her
own experience: “Hearing the testimonies of women living all
over the world and knowing that what I'm feeling is real...”
[Respondent 23]. Others simply found reassurance when reading
others’ experiences by realizing that things could be worse, for
example: “it's made me realise how lucky I am that I manage
very well day to day compared to a lot” [Respondent 4].

However, many women also found that accessing others’
experiences could be disheartening. Some commented on the
tendency for others to only share sad or negative stories: “There
are so rarely any positive posts. People only seem to feel the
need to post when they have something bad to report”
[Respondent 18] and “The problem is that everyone talks about
problems, very bad stories that make you feel more depressed,
you never read happy things or happy stories!” [Respondent
42]. Hearing such negativity from others could be quite
distressing: “Have felt disheartened and even a little depressed
when reading some women's experiences...” [Respondent 49]
and “...people repeating on multiple posts that it destroyed their
lives to not have kids. As someone who has been diagnosed
since 14 and is only 22 now it can be very overwhelming...”
[Respondent 65].

At times participants described the propensity for some women’s
narratives to be almost competitive in nature, which was seen
as counterproductive, as it prevented them from wanting to
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share anything themselves: “I rarely comment in these groups
now because it's like a competition. My endometriosis is worse
than your endometriosis. I need to take more pills than you. My
gynaecologist says mine is the worst case he's seen etc.”
[Respondent 18]. One woman also talked about the opposite,
how other women could be patronizing about the severity of
others’ symptoms if they had not had them as badly themselves.
The negative outcomes she felt were quite extreme: “There are
also other ladies who tend to be a bit patronising and don't accept
that endo can be different for everyone...This can make me feel
quite insecure and pathetic when I am off work for the 6th time
this year...” [Respondent 32].

Finally, although it was mentioned by many that there was a
tendency for women to post negative stories, many participants
reported that when positive stories were shared, such as a new
pregnancy, it could cause a lot of distress in a group of people
who frequently suffer from fertility issues. Although none of
the women themselves said they felt this way, they often
reported seeing other people getting upset about it, and
sometimes even having arguments: “I have seen other members
argue with each other about posting sensitive information, such
as posting pregnancy announcements without ‘trigger
warnings’...” [Respondent 37] and “There are those that, like
myself, are infertile because of Endo. They cannot stand to see
women make announcements that after having surgery or some
form of treatment they are now pregnant...they will get upset
and type angry rants and basically shoot down another
EndoSister that is having a good experience right now”
[Respondent 60].

Therefore, it would appear that rather than the potential positive
outcomes of sharing such success stories such as feelings of
hope, they may in fact exacerbate the distress felt by some
women about their condition.

Self-Presentation
This affordance relates to how the users present themselves to
others via online support groups. Although only a small number
of participants alluded to this affordance, those that did placed
great emphasis on its importance. To some, the confidential
nature, or “privacy,” of the support groups was beneficial:
“Knowing i can discuss something, in private, amongst fellow
sufferers” [Respondent 58] and “I knew it was confidential
because it was a closed group. Only people within the group
could see- not all my facebook friends and family!” [Respondent
22]. Having this private, anonymous platform enabled some to
disclose matters they might not usually, or allowed them to
“preserve” their offline relationships: “It helps me deal with it
‘privately’because I don't have to ‘bother’ the people I am close
with and spend every day with about my health concerns. I just
ask my endo sisters” [Respondent 13] and “Having an outlet
for sharing personal and embarrassing symptoms...” [Respondent
16].

Conversely, some worried about how confidential the platform
really was, stating fears over whether other online friends were
able to see what they were posting: “One concern that I have is
the fact that I am posting very sensitive medical and personal
information about my symptoms onto Facebook, and I do not
feel that my personal information is secure on this platform

despite the fact that these online support groups are on ‘secret’
pages” [Respondent 37]. “The only problem I have is that not
all the support groups are ‘secret’or private. Though sometimes
I like to share the details of this disease with others who
experience the same, I don't particularly want everyone of my
Facebook friends to know about all my period pains or
symptoms such as infertility” [Respondent 39].

This issue appeared to be mainly apparent in those who were
recruited from the online support group hosted by Facebook,
on which users are not anonymous, and usually go by their own
name rather than a pseudonym. However, their language used
indicates it as an important factor in their use of online support
groups.

Discussion

The aim of this research was to explore the therapeutic
affordances of using online support groups for endometriosis.
The results revealed 4 therapeutic affordances in this population:
“connection,” “exploration,” “narration,” and
“self-presentation.” In comparison with the results of previous
research of online support groups, this study has uncovered
similar therapeutic effects, including emotional support, reduced
isolation, improved coping, reassurance, knowledge, and
empowerment [32,34,35]. However, this research has also
enabled a more in-depth exploration of the underlying
mechanisms that generate the observed therapeutic outcomes,
which suggests that the study of therapeutic affordances is a
valuable way to research online support groups. Furthermore,
the positive outcomes observed from online support group use
have provided an indication of the potential influence that social
support can have on those who are managing endometriosis.

The resulting therapeutic affordances are comparable to those
found by Merolli et al [39] in their research on social media use
in people with chronic pain. They too found the same 4
therapeutic affordances; however, their research also uncovered
a fifth affordance, “adaptation.” This refers to the way that social
media allows users to adapt their self-management needs in
relation to their health status or illness flare-ups. In our research,
only 2 participants provided quotes that could have been viewed
as suggestive of this theme, but they were coded into
“connection” and the “freedom of access” theme, as they talked
of how they were able to access online support even at times of
illness flare-up. Therefore, the SCENA model (Self-presentation,
Connection, Exploration, Narration, and Adaptation) proposed
by Merolli et al [39] to explain their results may be considered
a valid model despite there being some differences, which can
arguably be related to the different sample being examined and
the fact that our work focused solely on online support groups
rather than a range of social media.

The lack of evidence for the “adaptation” affordance in this
research could simply be because it was not commented on by
participants or because the affordance does not exist here. It is
important to consider the differences in the “object” studied, as
this research focused on online support groups rather than social
media as studied by Merolli et al [39]. “Social media”
encompasses a wider variety of platforms such as blogs, social
networking sites, video-sharing sites, and chat rooms. This wider
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variety could afford different uses and outcomes than online
support groups alone. This might too account for the different
emergent themes found within each affordance compared with
Merolli et al [39]. Another possible explanation for the differing
findings is that different health conditions were examined. Users
perceptions may therefore differ based on their goals,
experiences, and beliefs, which is an important factor in
affordance theory [38].

Outside of the health domain, researchers have attempted to
further develop the concept of therapeutic affordances by
categorizing them into types based on their underlying function
[41-43]. The results of this study can be interpreted using the
framework proposed by Zhao et al [43], in which the perceived
affordances are categorized into physical, cognitive, affective,
and control functions. “Connection” may be seen as an affective
affordance, allowing users to find a community, seek support,
and feel less alone. “Exploration” may best be categorized as a
cognitive affordance as it helps to facilitate the user’s thinking
and learning. “Self-presentation” may fall under control, as it
allows users to control their environment, by maintaining their
privacy for example. However, as Zhao et al [43] explain,
affordances do not need to fall into these categories exclusively;
for example, “narration” may be both affective, in providing
reassurance or distress, and cognitive as it allows users to learn
from others’ experiences.

These theoretical frameworks allow us to understand the user’s
perceptions of and reactions to online support group use. By
interpreting the results in relation to previous research in
endometriosis, we can further improve our understanding of
the affordances we have found. “Connection” was the most
prominent therapeutic affordance in this study, with women
frequently expressing their gratitude at finding others with
endometriosis, who could understand their struggle and offer
them support. Past research has reported that contact with other
women with endometriosis is highly valued in this population
[16,20]; however, it can be difficult to obtain [23]. This might
explain the large number of responses relating to “connection,”
as using online support groups can enable them to achieve such
contact. Many women in our sample talked of how alone and
isolated their condition made them feel, which has been a
common theme in previous qualitative research [12,13,31]. The
lack of an understanding support network further intensifies
this isolation [13], and so finding those with experience and
knowledge can be a great sense of support [20].

The “exploration” affordance also received significant attention
in this study, and in particular, women talked of the ability to
use online support groups to search for information related to
their treatment. Previous literature has highlighted the struggles
that women face with regard to their treatment, including lack
of effective treatments [13], pain continuing post treatment [23],
and concerns over side effects [44]. Furthermore, women have
often felt let down by medical professionals, or complained of
a lack of information from them [4,12,13,18], feelings which
were also reiterated in this study. They have therefore taken it
upon themselves to search for the information they need, and
the Internet and online support groups provide a platform to do
this [31]. Finally, research has indicated the tendency for women
to want to self-manage their condition, and the empowering

experiences of such [16,45], which again was a common theme
in this research.

Comparisons with previous research suggest that the affordances
enabled by online support groups, which were revealed in this
research, may be effective aids when coping with and managing
endometriosis. These results imply that the use of online support
groups might form a meaningful part in the self-management
of endometriosis. However, until clinicians can make decisions
about whether to recommend their use for such, further research
is needed that accurately measures the effect of support groups
on health outcomes. Recently, Merolli et al [46] studied
patient-reported outcomes (PROs) of social media use in those
with chronic pain and found that it had a positive effect on
psychological, social, and cognitive aspects of health. Similar
research is needed to corroborate these findings in those with
endometriosis before online support group use can be
recommended as a tool for self-management.

It is also necessary to consider the negative outcomes that were
reported in the research, such as feeling disheartened by others’
experiences. By accurately measuring PROs in future research,
it might be possible to determine exactly how much of an effect
these negative experiences are having on group users. It may
also be useful in future research to try to measure the potential
contribution of individual differences on perceived affordances.
It may be the case that the therapeutic affordances offered by
online support groups are only effective for certain types of
individuals. Furthermore, our research cannot be generalized
to other conditions, and so to further our understanding of the
therapeutic affordances of online support group use, more
research is needed to consider them in other chronic health
conditions.

Our findings highlight a number of concerns that online support
groups users may have that may affect the quality of their online
experience. Our analyses revealed concerns over the accuracy
and credibility of online information. One possible strategy to
address these concerns might be to deploy an online moderator,
such as a health professional, who can directly intervene to
correct any misinformation or to validate information provided
by a group member. Other “lay” moderators may similarly have
a role to monitor online activity and ensure that members engage
in a mutually respectful way. In terms of privacy concerns, a
clearer statement of the privacy policy within online support
groups may help to address this issue, although it should be
noted that such concerns were restricted to Facebook groups.
Finally, although there is clear value in people sharing their
experiences, views, and opinions online, we did note that both
negative and positive stories can have a detrimental effect on
users. This is a difficult issue to address but may be dealt with
partly through the development of specific subforums that focus
on specific issues or experiences. In addition, there may be
subforums devoted solely to “good news” and members would,
we hope, have more freedom to choose the content they wish
to be exposed to.

Study limitations

This study has a number of potential limitations. First, it is not
possible to determine how representative this sample is of the
whole population. Recruitment messages indicated that
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participants would be asked about their experiences of using
such groups, and so there may have been a tendency for only
those with more positive experiences to participate. Second,
although the recruitment message was posted on 3 online support
groups, more than half of respondents (62.3% 43/69) were
recruited from 1 group, the one hosted by Facebook. The support
groups used varied considerably, both by platform and by group
purpose; for example, one focused more on fertility issues
associated with endometriosis, whereas another provided users
with access to specialists. Although the motives for accessing
the groups were fairly standard across respondents, these
differences may have enabled users with different opportunities
and therefore different affordances. Some evidence for this was
highlighted by the “self-presentation” theme, in which
participants from the Facebook group expressed more concerns
over the privacy of the group than those recruited from the other
2 groups. Unfortunately, as specific between-group comparisons
were not made, it is not possible to understand the potential
influence of group type on the resulting affordances. However,

the inclusion of a variety of group types will, we hope, have
provided a more diverse range of participant characteristics and
experiences.

Conclusion
This study has offered a unique exploration into the therapeutic
affordances of online support group use in women with
endometriosis. Through our analysis of the responses by
participants to a series of open-ended questions, it has been
possible to identify a number of therapeutic affordances arising
from engagement with online support groups. Our findings
reveal many positive aspects that may potentially benefit group
members. However, several negative aspects are also revealed,
particularly in relation to communication, personal information,
and the presence of negative stories online. A number of
strategies are recommended to mitigate these problems,
including the presence of an explicit privacy policy, sections
of the group where positive stories can be shared, and the
presence of a health professional to address misleading or
inaccurate information.
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Abstract

Background: The Internet is one of the fastest growing information sources for pregnant women and seems to be used across
social and economic strata. However, we still lack knowledge on how interaction in Web-based discussion forums influence
maternal health literacy, in terms of how pregnant women access, appraise, and apply information to promote and maintain good
health.

Objective: The aim of this study was to understand how Web-based discussion forums influence maternal health literacy; hence,
we explored the role of interactions in Web-based discussion forums among women who experienced health problems during
pregnancy. More specifically, we explored why media-literate women experiencing the medically unexplained condition, pelvic
girdle pain (PGP), during pregnancy participated in Web-based discussion forums and how they appraised and applied the
information and advice that they gained from the Web-based interaction with other women.

Methods: Women were invited to participate in the study via postings on 3 different open websites for pregnant women and
mothers. The sample included 11 Norwegian women who participated in open Web-based discussion forums when experiencing
PGP in pregnancy. The data were collected using synchronous qualitative email interviews and were analyzed using thematic
analysis.

Results: In our study sample, interaction in Web-based discussion forums influenced maternal health literacy in terms of
increased health-related knowledge and competencies, increased awareness of health promotion and health protection, and
increased system navigation. The women appraised and selectively applied information and advice that resonated with their own
experiences. For many, the information provided online by other women in the same situation was valued more highly than advice
from health professionals. Women reported that they used their knowledge and competency in encounters with health professionals
but hesitated to disclose the origin of their knowledge. Those with a high level of education in medicine-related fields raised a
concern about the Internet as a source of horror stories and erroneous information and were actively engaged in trying to minimize
potential negative effects, by providing biomedical information.

Conclusions: The popularity of Web-based discussion forums among pregnant women suggests that this group needs additional
sources of information and support to complement traditional consultations with the health professionals. The professionals need
to recognize that pregnant women access Web-based discussion forums for support and information to increase their ability to
take better health decisions for themselves. This is a potential resource that health professionals may find useful in consultations
with pregnant women.
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Introduction

The Internet is one of the fastest growing sources of information
on pregnancy-related health topics and plays a significant role
in health information seeking and decision-making, as well as
for social networking and support [1,2]. People go online for
different purposes. Some look for information or look for other
people's stories. Others present their own stories or communicate
with people in similar situations to access support and make
sense of information [3-6]. People also provide online health
support outside the professionals' domain [6-8], and electronic
peer-to-peer support groups provide people with unprecedented
opportunities to share information and become experts in their
condition [4,9]. Pregnant women access the Internet to obtain
information [10-12] and gain more control over decisions
affecting pregnancy [10]. A study conducted in 2010 reported
that the majority participated in Web-based pregnancy
discussion groups more than 10 times during pregnancy [2]. A
follow-up study from 2011 found that, for many women,
Web-based pregnancy discussion groups assisted their
decision-making [10].

In Norway, almost everyone has access to the Internet, and most
people have access to more than one information and
communication technology platform. According to 2015
statistics, 96% of the population in the 16-79 year age group
were Internet users, and 90% of the women in the 25-34 year
age group used the Internet to seek for health-related information
[13]. Web-based discussions forums are popular health
information sources for pregnant women; however, we lack
knowledge on how they use such discussion forums to increase
their health literacy.

“Health literacy” (HL) is a term introduced in the 1970s, but
there is still not one universally accepted definition for this term
[14]. In 1988, World Health Organization defined HL as “The
cognitive and social skills which determine the motivation and
ability of individuals to gain access to, understand, and use the
information in ways which promote and maintain good health”
[14]. Interest in Internet HL (eHealth literacy) has focused on
being able to access relevant information from electronic sources
and being able to make sense of it. Norman and Skinner define
eHealth literacy as the ability to seek, find, understand, and
appraise health information from electronic sources and apply
the knowledge gained to address or solve a health problem [15].
Their definition rests on Nutbeam’s model, which describes 3
levels of HL, progressing from basic skills in reading and writing
(functional HL), to the ability to derive meaning from different
forms of communication and apply new information to changing
situations (interactive HL), and to the ability to achieve policy
and organizational changes (critical HL) [14,16-19]. Nutbeam
and Renkert introduced the concept of “maternal health literacy”
[20]. This concept is about interactive HL, describing the
“cognitive and social skills which determine the motivation and
ability of women to gain access to, understand, and use

information in ways that promote and maintain their health and
that of their children” [20]. In this study, we used a combination
of the definitions of interactive HL and eHealth literacy to
explore how interaction in Web-based discussion forums
influences pregnant women's motivation and ability to access,
appraise, and apply information to promote and maintain their
health.

We have used the medically unexplained condition, pelvic girdle
pain (PGP), as a tracer condition because an increasing number
of pregnant women, especially in the Scandinavian countries,
are diagnosed with PGP [21]. PGP is about pain in the pelvic
girdle and lumbar regions [22] and is a common cause of sick
leave among Norwegian pregnant women [23]. Women who
experience PGP commonly experience diminished endurance
capacity for everyday life activities, such as standing, walking,
and sitting [22]. We explored why media-literate Norwegian
women who experienced PGP during pregnancy participated
in Web-based discussion forums and how they appraised and
applied the information and advice that they gained from
Web-based interactions with other women.

Methods

Synchronous Qualitative Email Interviews
We decided to collect data by using email interviews because
this method of data collection enabled women from a wide
geographical area to participate in interviews without making
any special arrangements. Email interviews also enabled us to
recruit women who were juggling work with pregnancy or
motherhood and who might view online interviews as less of a
burden than face-to-face interviews. We also wanted answers
in a here-and-now dialogue between the interviewees and the
researcher and decided to use the method of synchronous email
interviews. This interview method is described in detail in the
Data collection and Analysis section. Next, we developed a
thematic semistructured interview guide with 5 main topics: (1)
motivation for participation in Internet discussions on PGP, (2)
learning outcome, (3) support, (4) encounters with the health
professionals, and (5) Internet discussions and health behavior.
The interview guide was used as a flexible tool during the
interview process.

Sampling
Invitations to participate in the study were posted on 3 different
open websites for pregnant women and mothers. We sought
computer-literate women who could read, write, and understand
Norwegian, who experienced PGP during pregnancy, and who
had participated in Web-based discussion forums during
pregnancy. However, we experienced that sampling via the
Internet was more challenging than expected. It took us more
than 5 months to set up a sample of 11 women who fulfilled
the inclusion criteria for the study. Twenty-three women
expressed interest, and 11 of them participated in the study.
Among the nonparticipants, 7 did not respond to follow-up
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mails, and 5 were excluded because they did not meet the
inclusion criteria.

The first author received permission from the people in charge
of the open website www.barnimagen.com to advertise for
participants on the discussion forum on PGP, and the invitation
was posted in October 2013. During the next 2 months, 10
women made contact and expressed their interest. We emailed
invitations with detailed project information and a consent form,
but 3 women never responded to the initial or follow-up emails.
Seven women responded positively and participated in email
interviews during autumn 2013. Next, we decided to post the
invitation on an additional Internet site to increase the number
of participants. The first author received permission from the
midwife in charge of the site www.altformamma.com to
advertise for participants. The invitation was posted in December
2013, and it was reposted several times over the next months
to generate more informants. During this period, 13 women
contacted us. Among those, 5 did not fulfill the inclusion criteria,
and 4 did not respond to follow-up emails. Four women were

included in the study, with interviews taking place between
January and March 2014. To increase the number of participants,
we also advertised for participants on the website
www.babyverden.com in February 2014. However, there were
no responses to our advertisement as it was difficult to see
among the large number of threads and discussions on this
website. After the final interviews in March, we decided to stop
further sampling because although the sample was small, we
had quite a rich and nuanced dataset, representing women from
different social and professional backgrounds, geographical
areas, age groups, and pregnancy status.

Participants
All the women had participated in Web-based discussions on
PGP, and all had experienced PGP during their pregnancies.
Most of them were on maternity leave, or were sick-listed due
to PGP, and many experienced persisting symptoms of PGP
after delivery. We have given nicknames to the participants so
that the readers can discriminate between them while reading
the Result section.

Table 1. Participants.

PGPaexperience
Nonpregnant women:
time since deliveryPregnancy statusProfessionAge, yearsParticipant

PGP in pregnancy, sick-listedFirst pregnancySecretary28Anne

PGP in both pregnancies, sick-
listed

Second pregnancyEngineer30Betty

PGP in both pregnancies, persist-
ing symptoms

16 weeksNot pregnant, 2 childrenNurse29Cecilia

PGP in her last 2 pregnanciesThird pregnancyBank employee24Dea

PGP in both pregnanciesSecond pregnancyVeterinary36Eva

PGP in both pregnancies, persist-
ing symptoms

4 yearsNot pregnant, 2 childrenAssistant nurse39Frida

PGP in pregnancy, persisting
symptoms

18 monthsNot pregnant, 1 childMedical doctor39Gill

PGP in pregnancy, persisting
symptoms

3 monthsNot pregnant, 1 childHealth care assistant22Hannah

PGP in pregnancy, persisting
symptoms, sick-listed

18 monthsNot pregnant, 1 childFarmer38Inga

PGP in all pregnancies, persisting
symptoms

6 monthsNot pregnant, 3 childrenCleaner36Jenny

PGP in pregnancy6 monthsNot pregnant, 1 childKiosk worker22Karen

aPGP: pelvic girdle pain.

Data Collection and Analysis
All email interviews were carried out in Norwegian by the first
author. The interview situation lacked the body language,
gestures, smiles, eye contact, and small talk that occur in
face-to-face interviews; hence, it demanded a different approach
to establish trust and dialogue. The researcher sent follow-up
responses with encouraging comments to the participants during
the interviews to establish trust and facilitate communication.
However, extra care was taken about how the conversation was
phrased throughout the interviews, as the researcher was aware

that the research participants might use the email correspondence
for their own purposes.

One topic was addressed at a time. After receiving the answers
on 1 topic, follow-up questions were sent to ask for more
information or to prevent misunderstandings, before turning to
the next topic. Sometimes, short summaries were written, asking
the woman to confirm her interpretation of their answers. This
worked well. Many women contributed with detailed answers,
and the follow-up questions generated additional information
on each topic. Most interviews took 1 to 2 hours, and there were
no dropouts. One interview was interrupted by grocery shopping,
and another was delayed owing to sick children. These incidents
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were solved by taking pauses or by completing the interview
the next day.

The first author transferred the email correspondence to text
files after the interviews, and then she deleted the mails. The
Norwegian authors read the interview documents in full text,
before the first author performed the initial coding of the data,
using Nvivo10. In the initial part of the analysis process, the
first author used the concepts of interactive HL [15-17,20] to
guide the analysis and identify themes, looking for topics related
to motivation and ability to seek, find, understand, appraise,
and apply Web-based discussion forum information to changing
situations, in ways that promote and maintain health during
pregnancy. Thereafter, the team worked together, performed a
thematic analysis, based on the initial organization of the data,
and reorganized the data under new themes and key themes.

Ethics Approval
Written informed consent was obtained from all the participants.
Ethical approval was given by the Regional Committee for
Research Ethics (reference number 2012/2225/REK Vest). We
have carefully sheltered the anonymity of all the participants
in the study, and the data are stored in a password-based research
server, accessible only to the research team.

Results

Key Themes
After the analysis process described earlier, we organized the
findings into 3 key themes: (1) seeking experience-based health
information online; (2) understanding and appraising
experience-based online health information; and (3) taking
control over one' health. The quotes that illustrate the findings
were translated to English by the Norwegian authors.

Seeking Experience-Based Health Information Online
This theme describes why the participants looked for
experience-based health information online and how they judged
the relevance of this information. The theme resonates with
central dimensions of interactional HL, such as seeking, finding,
and appraising relevance of information from different forms
of communication.

Most women went online to look for people in the same situation
as themselves. Some were primarily looking for information,
whereas others were looking for emotional support, detailed
advice about special topics, or alternative courses of action for
themselves. The expectations and motives to participate in the
Internet discussions differed across the sample according to
previous experience with PGP. Those without previous
experience with PGP, such as Hannah and Karen, sought
information and emotional support. Hannah attended the
discussion forum because she was worried and needed advice:
“It is good to read that other women are in the same situation
(…). If I wonder about something, I always get answers.” Karen
looked for information and practical ideas from women in the
same situation:

“I got advice from my mom and my mother in law,
but it is a long time since they had babies and they
may have forgotten a lot. I feel much better discussing

my problems with women who are in the same
situation.”

However, pregnant women who had former experience of PGP
also sought support and advice from others. Betty wrote: “I
want to meet women who have similar experiences so that I can
learn how they managed their pain and what kind of adjustments
they made. For instance, what was their threshold for requesting
sick leave?”

Dea participated to diagnose her own symptoms, and to “receive
advice from others who are, or have been in, a similar situation.
Above all, I participate because it is best to get advice from
people in the same situation as myself.” Others, as Inga, were
primarily looking for emotional support: “I participate to feel
less lonely and to talk with others in the same situation as
myself.”

Others wanted to give support and share knowledge with others,
to help them solve their health problems. Many women who
gave medical information and advice to others had no
professional background from medicine-related fields. The
engineer, Betty, for example, said: “The reason why I have
participated in the Internet discussions is that I want to help
other women so that they do not have to go through the same
distressing experience as I did.”

Women such as Eva, with high education in medicine-related
fields, justified their participation differently: “I answer if I can
contribute with good information. I know much about the
medical background of PGP and I have also experienced PGP
myself.”

The women found what they were looking for, appraising the
information and support as relevant because it was
experience-based and updated and originated from women in
the same situation as themselves.

Understanding and Appraising Experience-Based
Online Health Information
This theme describes how interaction with others influenced
the participants' knowledge on how to deal with their health
problems and how they appraised the validity of the health
information that they derived from Web-based interactions.
Thus, the theme resonates with other dimensions of interactional
HL, such as understanding and appraising validity of information
to address or solve a health problem.

The discussion forums seemed to contribute to increased
knowledge and higher capability to act on health problems. The
women informed each other about symptoms, incidence, and
prognosis. Dea said that the Web-based discussions were vital
for her knowledge about PGP: “I think that as much as 80% of
my first knowledge about PGP was via other women online.”

However, this knowledge also made them more aware of
potential health risks and of risk reduction. Women reported
that the Internet forums had informed them that pushing their
physical activity limits during pregnancy might increase the
risk of developing persisting health problems after delivery.
Such stories fostered an awareness of risks. Women posted
directions on where to seek help and treatment and how to
request health care or sick leave. However, the advice-seeking

J Med Internet Res 2016 | vol. 18 | iss. 5 |e113 | p.256http://www.jmir.org/2016/5/e113/
(page number not for citation purposes)

Fredriksen et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


women reported that they compared other women's experiences
to their own experiences and symptoms before they decided
whether to implement the advice.

For many, the advice from others in the same situation fostered
an increased understanding of how to maintain health and
well-being. Betty had learnt “what to do to avoid massive health
problems in this pregnancy,” and Karen thought that her new
knowledge might help her in her next pregnancy, “Then I know
what to do to avoid massive health problems such as those that
I have experienced during this pregnancy. I will be more
prepared, so to say.” Moreover, they had learnt the importance
of requesting professional help to prevent worsening of the
symptoms. Betty commented that she had learnt what others
normally received help for and what she might request from the
doctor. Anne described how the Internet forum had given her
information on where to find help to cope with the situation and
how to describe her symptoms to get adequate health care: “I
have learnt what to tell to receive the help that I need.”

Women also shared information about social rights, such as
access to treatment, physical remedies, job adjustments, or sick
leave. This information was highly valued. Some commented
that the doctors often lacked an overview of social rights, and
that women need to know their rights to receive adequate help.
Inga, among others, blamed herself for the persisting health
problems: “If I had known earlier what I know now, I would
have demanded more support from the health professionals.
Then I could have coped better with the problems.”

A few women, such as Eva and Gill, who both had high
education in medicine-related fields, were concerned about the
validity of experience-based knowledge. Eva said that she
contributed to the discussions with what she termed “correct
information”: “Sometimes people write horror-stories, and
contribute with incorrect information. Then I think it is
important to add correct information to the discussions.” Gill
commented that she did not find the information on the
discussion forums trustworthy unless it was linked to reliable
sources. Other women were less concerned about validity:

“Some answers might have poor quality. But I think
that there is valuable advice online, especially advice
from others in the same situation who have new
experiences. I think that this advice is often better
than advice from health professionals, who lack this
bodily experience themselves.” (Dea)

Most women developed increased understanding of how to
maintain health and well-being in pregnancy, and they appraised
the validity of experience-based advice from peers.

Taking Control Over Own Health
This theme describes how the participants took control over
their own health by applying information to promote and
maintain their health and illustrates another central dimension
of maternal HL.

Many participants described how they navigated in the health
system, how they negotiated with the health professionals to
get their needs met, and how they applied the advice from the
Internet to cope with their everyday life. Some reported how

they had contacted doctors and requested physiotherapy,
chiropractic services, or acupuncture treatment. Anne, for
example, wrote: “Participation in these discussions has
convinced me that I have PGP. That is the reason why I took
the next step, and contacted a doctor.” Jenny negotiated with
her doctor to receive treatment for PGP while pregnant, arguing
that she was eligible to the same social rights as other women
in her situation. She also said that she had learnt what to request
if her health problems worsened. Other women shared this
experience of being empowered. They commented that support
and advice from other women had made them more determined
to request help, adjustment, and treatment. Frida said that when
she had requested physiotherapy treatment, she did not give in
until the doctor responded to her requests. Eva thought that
because of her background, she had different experiences: “My
impression is that they listen differently and better to me because
I have medical education, which enables me to argue for my
needs.” Nevertheless, she also valued information on treatment
options and had followed advice to seek physiotherapy
treatment. The medical doctor, Gill, found it interesting to
participate in the Internet discussions, but she was clear that
this did not influence her health behavior.

However, some women did not argue for their needs at all. They
said that they hid their knowledge and its origins in the
encounter with the health care providers because they knew that
the professionals did not value experience-based knowledge
from Internet forums. Dea told that she never shared her
thoughts and knowledge with the health care providers because
she had experienced that the professionals did not listen to her:
“I am only saying that I know nothing.” Karen also kept her
knowledge to herself: “I have never received positive feedback
from my doctor when I have told what I have read on the
Internet (…). He said that most online information was wrong.”
Dea and Karen took control over their health by using a strategy
of covert resistance vis-a-vis the health professionals, using
advice from others that resonated with their own experiences.
Hannah also reported how Internet discussions had enabled her
to get better health control. She reported that she had learnt that
she should relax and let other people do things for her:

“I have good health control now, as a result of good
advice from other women on the Internet. (…) I have
used good exercises and pelvic belt, relaxed when I
had pain, and accepted that it is ok to stay in bed if
needed.”

The data indicate selective application of knowledge, as the
women appraised and applied information and advice that
resonated with their own experiences.

Discussion

Principal Findings
In our study sample, interaction in Web-based discussion forums
influenced maternal HL, in terms of increased health-related
knowledge and competencies, increased awareness of health
promotion and health protection, and better capability to
navigate health systems. Women critically appraised and
selectively applied information and advice that resonated with
their own experiences. For many, the information provided
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online from other women in the same situation was valued more
highly than advice from health professionals. Women reported
that they used their knowledge and competency in the encounter
with health professionals but hesitated to disclose the origin of
their knowledge. Those with a high level of education in
medicine-related fields raised a concern about the discussion
forums as a source of horror stories and erroneous information
and were actively engaged in trying to minimize potential
negative effects, by providing biomedical information. Women's
concerns about the quality of online pregnancy-related health
information have been reported elsewhere [10]. It has also been
reported that personal stories from other people in the same
situation are not necessarily reliable and can represent both a
negative and a positive source of support [24]. However, in our
study, concerns about the quality and trustworthiness of the
information were generally overshadowed by the positive
evaluation of experience-based knowledge and support from
others in the same situation.

Our findings on Web-based discussion forums as a source of
information and support for pregnant women resonate with
findings of other studies in the field [6,10,24]. A study of the
role of the Internet in problematic pregnancies reported that
women used the Internet as a complementary source for
pregnancy information and also to learn from others in similar
situations [24]. Several studies have reported that pregnant
women turned to technology to fill their knowledge gap
[2,10-12,25] and that more informed patients can change the
interaction with the health professionals [4,5]. However,
previous research has reported diverging findings on whether
pregnant women revealed their Internet-based knowledge and
discussed this information with the health professionals
[2,10-12]. A Web-based survey from 2010, with participants
from 24 countries, found that 70% of the participants referred
to Internet information in discussion with at least 1 health care
provider and that almost 90% of those reported that the
information was welcomed and openly discussed [2]. Other
studies, from China and Sweden, reported that the majority had
not discussed information from the Internet with their health
care providers [11,12]. Diverging findings on communication
with the health professionals may refer to different cultural
norms in terms of the types of knowledge people bring into the
medical encounter. However, when discussing communication
with the health professionals, the studies referred previously
[2,10-12] did not distinguish between different information
sources on the Internet. Hence, we do not know whether the
women only discussed information that they had retrieved from
official health information sites or whether they also discussed
information that they had retrieved from informal Web-based
discussion forums. Our finding that women actively hide
discussion forums as their sources of information was not
discussed in the aforementioned studies.

As far as we know, previous Internet research has not explored
the influence of informal discussion forums on maternal HL.
Women have traditionally shared private concerns and received
informal support and advice from other women during
pregnancy. This sharing and caring in an informal private space
has partly been replaced by informal interaction on the Internet.
Interaction with others who share the same illness experiences

may have greater weight than advice from health professionals,
who are unlikely to have these experiences [6]. Women also
tend to listen to other women in the same situation when their
embodied experiences diverge from the experts' biomedical
knowledge [26,27]. Many participants in our study valued the
Web-based information from other women higher than advice
from health professionals when the information resonated with
their own experiences. The women found the information and
support enabling, in terms of controlling their health condition.
It has been reported elsewhere that Web-based support can give
people a sense of empowerment [6,10,24], and there is
increasing evidence that hearing other people's stories can affect
health behavior [6]. In general, support from others may have
positive health effects because it may increase motivation for
self-care and encourage help-seeking behavior and may thus
prevent minor illnesses from developing into more serious
conditions [28]. However, peer support may also encourage
healthy people to request medical assistance for normal life
events and minor health problems and may thus contribute to
increased medicalization [28]. More seriously, hearing about
other people's experiences may reinforce unhealthy behavior
[2,6], influencing others to make inappropriate decisions about
the management of their symptoms. However, our findings
indicate that pregnant women critically appraised and selectively
applied information and advice from the Internet and used the
advice that resonated with their own experiences.

Strengths, Challenges, and Limitations
Using email interviews produced a sample that included women
from a wide geographical area and different social backgrounds.
Many participants commented that communication via email
enabled them to participate from their home without making
any special arrangements. Other Internet studies on pregnancy
and birth have also reported that the participants valued email
interviews [29].

The recruitment process was challenging. We tried to increase
the number of participants by advertising for participants on
several websites. However, this generated answers from women
who did not fulfill the inclusion criteria. It was also challenging
to create commitment online. Many withdrew from further
interaction when they realized that they were expected to follow
formal research procedures, including signing a written consent
form. Although participants were self-selected, they had in-depth
experience of the phenomenon and came from diverse
backgrounds. But, the sample was weighted toward women
with persisting health problems after pregnancy. We do not
know whether currently pregnant women would have different
views or whether different views and experiences vary
systematically among women from different social and
educational backgrounds.

Conclusions and Implications
In our study sample, interaction in Web-based discussion forums
influenced maternal HL. The popularity of Web-based
discussion forums among pregnant women suggests that this
group needs additional sources of information and support to
complement traditional consultations with the health
professionals. Health care providers should acknowledge
Web-based discussion forums as a source of health information
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that may influence pregnant women's health behavior. They
also need to recognize that pregnant women access Web-based
discussion forums for support and information to increase their

ability to take better health decisions for themselves. This is a
potential resource that health professionals may find useful in
consultations with pregnant women.
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Abstract

Background: There is a growing interest in empowering older adults to age in place by deploying various types of technology
(ie, eHealth, ambient assisted living technology, smart home technology, and gerontechnology). However, initiatives aimed at
implementing these technologies are complicated by the fact that multiple stakeholder groups are involved. Goals and motives
of stakeholders may not always be transparent or aligned, yet research on convergent and divergent positions of stakeholders is
scarce.

Objective: To provide insight into the positions of stakeholder groups involved in the implementation of technology for aging
in place by answering the following questions: What kind of technology do stakeholders see as relevant? What do stakeholders
aim to achieve by implementing technology? What is needed to achieve successful implementations?

Methods: Mono-disciplinary focus groups were conducted with participants (n=29) representing five groups of stakeholders:
older adults (6/29, 21%), care professionals (7/29, 24%), managers within home care or social work organizations (5/29, 17%),
technology designers and suppliers (6/29, 21%), and policy makers (5/29, 17%). Transcripts were analyzed using thematic
analysis.

Results: Stakeholders considered 26 different types of technologies to be relevant for enabling independent living. Only 6 out
of 26 (23%) types of technology were mentioned by all stakeholder groups. Care professionals mentioned fewer different types
of technology than other groups. All stakeholder groups felt that the implementation of technology for aging in place can be
considered a success when (1) older adults’needs and wishes are prioritized during development and deployment of the technology,
(2) the technology is accepted by older adults, (3) the technology provides benefits to older adults, and (4) favorable prerequisites
for the use of technology by older adults exist. While stakeholders seemed to have identical aims, several underlying differences
emerged, for example, with regard to who should pay for the technology. Additionally, each stakeholder group mentioned specific
steps that need to be taken to achieve successful implementation. Collectively, stakeholders felt that they need to take the leap
(ie, change attitudes, change policies, and collaborate with other organizations); bridge the gap (ie, match technology with
individuals and stimulate interdisciplinary education); facilitate technology for the masses (ie, work on products and research
that support large-scale rollouts and train target groups on how to use technology); and take time to reflect (ie, evaluate use and
outcomes).

Conclusions: Stakeholders largely agree on the direction in which they should be heading; however, they have different
perspectives with regard to the technologies that can be employed and the work that is needed to implement them. Central to
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these issues seems to be the tailoring of technology or technologies to the specific needs of each community-dwelling older adult
and the work that is needed by stakeholders to support this type of service delivery on a large scale.

(J Med Internet Res 2016;18(5):e98)   doi:10.2196/jmir.5253

KEYWORDS

aged; independent living; technology; eHealth; health services for the elderly; project and people management; implementation
management; qualitative research; focus groups

Introduction

A key challenge for most, if not all, countries is how to
accommodate and care for an aging population [1]. As a
response, many countries have shifted their priorities and
resources toward deinstitutionalization in order to create
communities that facilitate seniors to remain living in their
homes for as long as possible [2]. Policies and programs that
represent this paradigm shift frequently emphasize the
deployment of technology as a means of supporting aging in
place. Examples of technologies mentioned are sensor-based
networks for activity monitoring, emergency help systems, and
online tools to support older adults’ self-management of chronic
conditions [3,4]. These technologies are often information and
communications technology (ICT) based; they are referred to
as eHealth, ambient assisted living technology, smart home
technology, and/or gerontechnology. Unfortunately, the
implementation of these technologies is frequently unsuccessful
in daily practice [5-7].

Several factors hinder the implementation of the aforementioned
technologies, including low adoption levels among potential
users [3,4,7,8], difficulties in building sustainable business cases
[9,10], a lack of interoperability between systems of different
vendors [6,9,11], and scarcity of robust scientific evidence on
cost and outcomes [12-14]. All the aforementioned factors are
complicated by the fact that multiple stakeholders are involved
[9,15]. Typical stakeholders include older adults, care
professionals, managers within home care or social work
organizations, technology designers and suppliers, and policy
makers. The goals and motives of these groups of stakeholders
may not always be transparent or aligned [16,17]. However,
empirical studies providing insight into the convergent and
divergent perspectives of stakeholders involved in implementing
technology that could support aging in place are few and far
between. Furthermore, the few existing studies limit their focus
on perceived barriers to a successful implementation [18,19]
rather than forming a more complete understanding of
stakeholders’positions. For example, several authors have noted
that it is crucial to understand what the different stakeholders’
goals are in initiatives centered around supporting aging in place
with technology [20-22]. Hence, this study seeks to provide
insight into the positions of stakeholder groups involved in the
implementation of technology for aging in place by asking the
following three questions: What kind of technology do they see
as relevant for aging in place? What do they aim to achieve by
implementing technology? What is needed to achieve successful
implementations? A better understanding of the positions of
various stakeholder groups is expected to contribute to the

successful implementation of technological interventions aimed
at supporting aging in place [11,20,23,24].

Methods

Sampling
This study was conducted in the Netherlands. In 2012, our
research group, in collaboration with 13 partners, initiated a
project aimed at finding ways to successfully deploy
technologies that could support aging in place, by conducting
a longitudinal field study among community-dwelling older
adults. As a part of the project, five mono-disciplinary focus
groups were conducted simultaneously with participants
representing five groups of stakeholders within the process of
implementing technology for aging in place: older adults, care
professionals, managers within home care or social work
organizations, technology designers and suppliers, and policy
makers. These focus group sessions took place in February
2012, and convenience sampling was used by the partners of
the project to recruit participants. This means that participants
in the focus groups were either working for one of the partners
in the project or were professional relations of partners. At the
time the focus group sessions were conducted, participants
representing different stakeholder groups were not engaged in
implementing technology for aging in place together.
Mono-disciplinary focus groups were employed because this
data collection method was expected to efficiently enable
productive discussions and the elicitation of a multiplicity of
views by each stakeholder group [25]. Furthermore, we wanted
to provide a safe environment for participants [25].

Procedure
Focus group sessions took place simultaneously in the Fontys
Institute of Allied Health Professions, which is located in
Eindhoven, the Netherlands. Sessions lasted 90 minutes and
each session was supervised by a moderator and an assistant.
Moderators had a professional background that was related to
the background of the participants in their session. At the
beginning of the sessions, a scenario was read out loud by the
moderators. The scenario described how population aging
increases the need for creative solutions to be able to continue
to provide good quality care for older adults. Furthermore, the
scenario explained that more and more older adults are expected
to age in place, and that technological solutions are expected
to play an important role in this respect. In the group discussion
that followed within each session, three open-ended questions
were discussed by participants. First, participants were asked
what kinds of technologies they considered as "technologies
that could support aging in place". This question was asked to
make transparent what stakeholders perceived as technology
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relevant to the context of aging in place. Second, participants
were asked when they would consider the use of technology for
aging in place a success. This was asked to determine what
stakeholders are trying to achieve with regard to the
implementation of technology for aging in place. Third,
participants were asked what they need to be able to successfully
implement the technology for aging in place, and what they can
contribute in order to achieve successful implementations. This
was done to let participants reflect on their role as stakeholders.
After each question, participants were first requested to write
down their answers on a form to enable them to collect their
thoughts prior to engaging in the discussions. Informed consent
was acquired from all participants and each session was recorded
by audio and video to enable transcription. Transcripts were
made anonymous and all data was only used in this study. Dutch
law does not require medical or ethical reviews for focus group
interviews with stakeholders other than patients. All moderators
were trained according to guidelines described by Sim [25] and
provided with a guide that was produced by the lead author.
Each moderator was accompanied by an assistant who took
notes and aided in facilitating an open dialogue between group
members. Immediately after the sessions, the moderators and
assistants gathered to evaluate the discussions. The moderator
and assistant of the session that consisted of technology
designers and suppliers stated that they had to intervene
regularly because some participants were dominant in the
discussion, and because participants needed to be reminded to
reflect on their own role instead of focusing on the role of other
stakeholders. Moderators and assistants of the other group
sessions did not experience these issues, or to a far lesser extent.

Analysis
Verbatim transcripts of the sessions were analyzed using
thematic analysis [26]. First, inductive codes were attached to
quotations relevant to the research questions. In this process,
each transcript was initially coded independently by two
researchers, who subsequently had to come to an agreement
and produce a single coded version of each transcript. Afterward,
overarching categories of codes (ie, themes and subthemes)
were formed. Additionally, the technologies that the participants
deemed relevant for aging in place were classified in application
domains that are part of the gerontechnology taxonomy as
proposed by van Bronswijk, Bouma, and Fozard [27]. This
taxonomy was selected because it is targeted toward
technologies that are relevant to older adults and because it
allows for the inclusion of a wide range of technologies, which
is in line with the participants’ responses. As a member check,
a separate meeting was organized in which preliminary findings
were presented. In this way, participants were provided with
the opportunity to learn more about the positions of the various
stakeholder groups involved in the project. Two-thirds of the
participants attended the meeting and they accepted the
presented findings as accurate and complete.

Results

Participants
A total of 29 participants were involved in the study and each
stakeholder group was represented by 5-7 participants (see Table
1). Participants were 32-76 years old, and the average age was
highest in the focus group with older adults. The managers in
the study were all women. Care professionals were
predominantly women, while technologists were predominantly
men.

Table 1. Stakeholders and participants involved in mono-disciplinary focus groups (n=29).

n
(%)

Participant characteristicsDescription of participantsStakeholder

6
(21)

3 men and 3 women,

aged 62-76 years

Community-dwelling older adults

(active in community voluntary work)

Older adults (O)

7
(24)

1 man and 6 women,

aged 32-55 years

Care professionals who provide home care themselves, or coor-
dinate the provision of home care

Care professionals (C)

5
(17)

5 women,

aged 37-61 years

Managers within home care or social work organizationsManagers (M)

6
(21)

5 men and 1 woman,

aged 36-66 years

Professionals who work for companies that produce and supply
technology, or for educational institutions with a focus on
technology

Technologists (T)

5
(17)

3 men and 2 women,

aged 32-61 years

Public officers, and advisors and researchers involved in health
policy

Policy makers or

advisors to policy makers (P)
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Table 2. Technology believed to play a role in supporting aging in place according to stakeholder groups, categorized in application domains as proposed
in the gerontechnology taxonomy.

PeTdMcCbOaTechnologiesApplication domains

Health and self-esteem

XXXXXfHealth monitoring

X-gXXXPersonal alarms

XX--XPhysical activity stimulation

X-XX-Fall detection

XXX--Medication reminders

-XX--Wandering detection

X---XOnline questionnaires

-X---Lifestyle monitoring

Housing and daily living

XXXXXAssistive technology

XXXXXHome automation

XXXXXHousehold appliances

XXX-XADLhrobots

X---XElectronic agendas

-X-X-Home adaptations

-X---Lift assist devices

Communication and governance

XXXXXComputers

XXXXXVideo telephony

XXX-XCaregiver e-collaboration

--X-XElectronic health records

X-X--Social media

--X-XTelephones

Work and leisure

X-X-XTelevision and radio

-X--XE-readers

X----Games

Mobility and transport

-XX-XTransportation devices

-X---GPSinavigation

aO: older adults.
bC: care professionals.
cM: managers.
dT: technologists.
eP: policy advisors and policy makers.
fX: mentioned by stakeholder group.
g-: not mentioned by stakeholder group.
hADL: activities of daily living.
iGPS: global positioning system.
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Table 3. Stakeholders’ perspectives on what constitutes successful implementation of technology for aging in place: major themes, subthemes, and
typical quotations.

PeTdMcCbOaIllustrative quotationsSubthemesMajor themes

User-centeredness: Older adults’ needs and wishes are given priority
during development and deployment of the technology, meaning...

XXXXXf“What’s needed is a solution for what the individual
thinks is a problem, not what we consider a prob-
lem” (P #4)

...the technology is in accordance with each older
adult’s specific needs.

--gXXX“So that it’s not the technology that controls my
life, but rather it’s me controlling the technology”
(O #6)

...older adults are in control.

-X-XX“Seniors shouldn’t get the feeling they’re being
followed or watched” (C #6)

...older adults’ privacy is treated with respect.

Acceptance: The technology is accepted by older adults, meaning...

XXXXX“A positive experience, causing people to use it
again” (M #1)

...older adults enjoy using the technology.

XXXX-“When technology is actually being used” (P #3)...the technology is used on a regular basis.

XXX-X“It shouldn’t be stigmatizing” (O #6); “I feel we
should aim to create a hype” (M #4)

...older adults are proud to use the technology (in-
stead of ashamed).

Benefits: Use of the technology provides benefits to older adults,
meaning...

X-XXX“When the client or individual experiences that his
or her quality of life remains the same or increases
markedly” (M #5)

...the technology improves the quality of life of
older adults.

-XXX-“If no one needs to go to a nursing home” (T #2)...the technology supports independent living.

-X-XX“Causing people to find an answer to a slowly rising
fear of being unstable, frail" (T #5)

...the technology provides reassurance.

Prerequisites: Favorable prerequisites for ownership and use of
technology by older adults exist, meaning...

XXXXX“The technology must be extremely user friendly”
(M #2)

...the technology is easy to use.

XXXXX“Affordability continues to be a problem” (T #6)...the technology is affordable.

-X-XX“It must work, it must be reliable”

(O #3)

...the technology is reliable.

X--XX“The supplier or care organization must provide
good service” (O #3)

...technical support is available.

aO: older adults.
bC: care professionals.
cM: managers.
dT: technologists.
eP: policy advisors and policy makers.
fX: mentioned by stakeholder group.
g-: not mentioned by stakeholder group.

Types of Technology That Could Support Aging in
Place
Stakeholders had a broad view with regard to technology that
could support aging in place, which in their eyes included
hardware, software, or combinations of both. In addition,
technologies that are not based on ICT were mentioned (eg,
consumer appliances and home adaptations). The technologies
that were mentioned can be classified in application domains
that are part of the gerontechnology taxonomy [27]: health and

self-esteem, housing and daily living, mobility and transport,
communication and governance, and work and leisure (see Table
2).

In total, 26 different technologies were mentioned by
stakeholders across the five domains of the gerontechnology
taxonomy. These technologies for the most part fall under the
domains of health and self-esteem (8/26, 31%), housing and
daily living (7/26, 27%), and communication and governance
(6/26, 23%). Out of the 26 technologies mentioned, 5 (19%)
fall under the domains of work and leisure or mobility and
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transport. Care professionals in total mentioned 9 out of 26
(35%) different types of technology, while the other stakeholder
groups each mentioned 17 out of 26 (65%) different types. Out
of the 26 technologies, 6 (23%) were mentioned by all
stakeholder groups—health monitoring, assistive technology,
home automation, household appliances, computers, and video
telephony—while 3 (12%) technologies—lifestyle monitoring,
lift assist devices, and global positioning system (GPS)
navigation—were mentioned by one stakeholder group, the
technologists. All other technologies were mentioned by two,
three, or four stakeholder groups.

Opinions on What Constitutes a Successful
Implementation of Technology
All stakeholder groups considered the implementation of
technology for aging in place a success when older adults’needs
and wishes are prioritized during development and deployment
of technology, the technology is accepted by older adults, the
technology provides benefits to older adults, and favorable
prerequisites for the use of technology by older adults exist (see
Table 3). According to the participants, the aforementioned four
major themes—user-centeredness, acceptance, benefits, and
prerequisites—are interrelated. All stakeholder groups stressed
the importance of taking the perspective of older adults into
account, and there was a shared belief that such a user-centered
approach would have a positive effect on the acceptance of
technology, on the benefits technology can provide, and on the
existence of favorable conditions for technology use. Moreover,
there was a common belief that technology can only provide
benefits to older adults when it is accepted by them, and that
acceptance of technology is dependent on certain prerequisites
that need to be in place. A typical example of this notion is the
following quotation: “Low ease of use leads to nonuse and a
lack of added value” (Policy maker/policy advisor #5).

Looking at the first major theme, user-centeredness, and its
underlying subthemes, all stakeholder groups found it important
that technology is in line with the needs of each specific older
individual. For example, older adults and policy makers
mentioned that technology should not stand in the way of human
contact. User-centeredness was also reflected in the fact that
stakeholders mentioned that older adults need to be in control
over technology instead of the other way around, and that the
privacy of older adults needs to be treated with respect.
However, policy advisors, care professionals, and older adults
also stated that individual differences can make it difficult or
expensive for technology to meet older adults’ needs in every
situation: “It’s very hard to achieve this technically...how many
diseases are there, and how many different impairments? Think
about it” (Older adult #4).

The second major theme, acceptance, implicates that older
adults enjoy using the technology, and that they use it on a
regular basis. It also means that older adults are proud to use
technology. The latter point reveals a difference of tone between

stakeholder groups. Older adults stressed the importance of not
feeling ashamed or stigmatized, while managers, technologists,
and policy advisors talked in terms of taking pride in the
technology: “It’s okay to have it in your home and show it to
visitors: ‘Look what I have!’...It’s not all bad when you grow
older, of course you want to show off the nice things that you
have” (Technologist #3).

With regard to the third major theme, benefits, and its underlying
subthemes, stakeholders felt that technology needs to improve
older adults’ quality of life, support their ability to live
independently, and provide reassurance (ie, enhance safety).
However, care professionals, managers, and policy advisors
stressed that other stakeholder groups are also involved in using
technology for aging in place: “People often look at older adults
as being the end user. However, informal and professional
caregivers are also end users” (Policy advisor/policy maker #2).
According to managers, this implies that professional caregivers
need to see the benefits of employing technology as well. Older
adults felt that technology should provide benefits, but also that
technology should not make life too easy: “I think that
technology should not make people lazy. For instance, mobility
scooters—with all due respect for people who need them—are
being used too easily, causing people to walk less” (Older adult
#6).

The fourth major theme, prerequisites, entails the existence of
conditions favorable to technology use and ownership. More
specifically, stakeholders mentioned that technology should be
easy to use, affordable, and reliable. Additionally, technical
support should be available, preferably in person: “I think that
there should be a physical location where one can ask
something...personal support” (Policy advisor/policy maker #5).
Care professionals and technologists, especially, expressed
concerns with regard to affordability. Care professionals
mentioned that technology in care settings can be expensive,
and they worry about who would pay for the technology.
Technologists mentioned that they foresee a trend where older
adults themselves are the ones who pay for technology. In this
scenario, technologists see older adults’ willingness to pay for
technology as critical, and they feel that the technology they
wish to sell needs to be more affordable than competing
alternatives. In contrast, older adults only fleetingly mentioned
the fact that technology needs to be affordable. As for managers,
they looked at affordability from a cost-benefit perspective:
“When the financial benefits exceed the investments” (Manager
#1).

What is Needed to Successfully Implement Technology
for Aging in Place
Looking at their own roles, stakeholders mentioned several
things that they need or can contribute to enable successful
implementations of technology for aging in place. These can
be organized into four major themes and eight underlying
subthemes (see Table 4).
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Table 4. Stakeholders’ views on what is needed to successfully implement technology for aging in place: major themes and subthemes.

PeTdMcCbOaSubthemesMajor themes

Take the leap

-gXXXXfChange in attitude(s)

XXXX-Change in policies

X-X--Collaborate with other organizations

Bridge the gap

X-XX-Match technology with individuals

X----Stimulate interdisciplinary education

Facilitate technology for
the masses

-XX--Work on products and research that support large-scale rollouts

---XXTrain target groups on how to use technology

X--X-Evaluate use and outcomesTake time to reflect

aO: older adults.
bC: care professionals.
cM: managers.
dT: technologists.
eP: policy advisors and policy makers.
fX: mentioned by stakeholder group.
g-: not mentioned by stakeholder group.

The first theme, take the leap, is concerned with what is needed
in terms of commitment by stakeholders. Most stakeholder
groups emphasized that a change in attitude is needed on their
part to achieve successful implementations. For example, older
adults mentioned that they could be more assertive. By this, it
was meant that older adults can improve in “Saying what you
think, desire, and feel” (Older adult #5), and that older adults
are prepared to ask for help. Older adults stated that this is
particularly important when talking to technologists.
Additionally, older adults mentioned that they sometimes need
to be stimulated to use technology, or as one older adult phrased
it, “Pushed gently” (Older adult #6). Reflecting on their own
role, care professionals stated that they need to adjust, and accept
that things are changing: “From a caring perspective, I want to
help people in person...however, some things are no longer
feasible. I feel that a new mindset is needed” (Care professional
#7) and “It’s the client who has technology in his home, and
we need to become accustomed to it” (Care professional #4).
Managers felt that they need to promote the use of technology
more. They mentioned that they could initiate pilot projects,
which are seen as a way to have care professionals gain
experience in using technology. Technologists mentioned that
technology companies need to be prepared to take financial
risks. More specifically, companies need to have the confidence
to produce and roll out technologies on a large scale. For this,
a long-term strategy and perseverance are required: “There can
be up to 20 years between designing the thing, and starting to
make a profit. We have to get used to that; that’s the long-term
vision we have to have” (Technologist #3).

Additionally, most stakeholder groups proposed that policies
need to be changed. Care professionals ask that the organizations

that they work for formulate a privacy policy for situations in
which technology is employed. Managers stated that they would
like more flexibility with regard to the relevant laws and
regulations. They also mentioned that they need to incorporate
technology in their organizational strategy: “It all starts at the
top: what are the priorities for the organization in the years to
come? When technology isn‘t in there...” (Manager #5).
Reflecting on their own roles, policy advisors and policy makers
mentioned that a large proportion of technology for older adults
is being subsidized, and that the use of these technologies is
frequently not sustainable: “When the funding stops...the
technology is no longer used” (Policy advisor/policy maker #2).
They argue that they need to find ways to counter this unwanted
effect of current policies. Some technologists noted that
subsidizing technology may obscure the actual needs of potential
clients: “When people receive something for free, I can’t make
out whether they actually want it” (Technologist #1).

Furthermore, the need for more organizational collaboration
was mentioned by managers and policy advisors. Managers
within home care or social work organizations felt a need to
collaborate with others outside of their own organization in
order to enable successful implementations of technology for
aging in place: “I can’t do it alone. I need the municipality, and
collaboration with the housing association and welfare
organizations. You have to combine forces” (Manager #4). In
this respect, insurance companies, patients’ associations, and
informal caregivers were also mentioned. Policy advisors and
policy makers emphasized the importance of international and
interdisciplinary collaboration.

The second theme, bridge the gap, entails the work that is
needed to connect available technological solutions to the needs
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of each specific older adult. Care professionals, managers, and
policy makers stated that help is needed to be able to match
technology with individuals. Care professionals mentioned that
they would benefit from a "decision tool." Such a tool should
allow care professionals to find and select the appropriate
technology or combination of technologies for each specific
client. Ideally, the technologies and aids that are deployed should
also be registered in electronic health records. The managers in
the study, who worked for different organizations than the care
professionals, also mentioned that they would like to provide
the care professionals with such a decision tool. Moreover,
managers stated they would like to work together with a person
(ie, consultant) who knows which technologies are on the
market, and who can match these with the problems older adults
face while trying to maintain their independence. Policy makers
and policy advisors felt that interdisciplinary education is
required to achieve this: “Because you need to know what an
individual needs, you have to understand that person, and
subsequently you have to know how to arrange technologies,
services, and care” (Policy advisor/policy maker #3).

With regard to the third theme, facilitate technology for the
masses, managers and technologists discussed the need to
engage in large-scale rollouts of technology. Managers stated
that there is a demand for technological solutions that can benefit
a large proportion of older adults. In their eyes, large-scale
rollouts can increase the willingness of commercial companies
to invest, which is seen as a requirement for making technology
for aging in place affordable. In their perception, more research
is needed to provide scientific evidence that technology for
aging in place is effective, and this is also expected to increase
support by the government. To be able to conduct large-scale
rollouts, technologists mentioned that companies need to do
more research in order to gain a more profound understanding
of what drives or impedes technology use by older adults.

Additionally, comments were made with regard to empowering
target groups to be able to take advantage of technology. Older
adults stated that they need to attend courses to learn how to
use technology when they are still healthy enough to attend
them. Care professionals also mentioned that they need training
to be able to work with the technology. In their eyes, this applies
to inexperienced as well as experienced care professionals: “You
have to let yourself get educated, particularly those of us who
have been working for a long time” (Care professional #2).

The last theme, take time to reflect, entails the evaluation of use
and outcomes. Care professionals mentioned that they see it as
their responsibility to regularly evaluate whether the use of
technology is appropriate and not too excessive: “You shouldn’t
use technology for everything” (Care professional #5).
Additionally, policy makers stated that they feel a need to
measure whether the use of technology is successful in terms
of the desired outcomes. They see it as their role to promote
evidence-based solutions.

Discussion

Principal Findings
This study aimed to understand the positions of stakeholders
who are involved in the implementation of technology for aging
in place—older adults, care professionals, managers of care
organizations, technologists, and policy makers. It was found
that stakeholders considered a multitude of technologies to be
relevant for enabling independent living. However, it is
important to note that only a small number of technologies were
mentioned by all stakeholder groups. Furthermore, care
professionals mentioned considerably fewer different types of
technology than other stakeholder groups, which is in line with
previous research [8]. Additionally, studies have shown that
older adults may not be aware of technologies that could be of
benefit to them [28,29]. Therefore, when planning and initiating
projects concerned with technological solutions for aging in
place, it is advisable to take into account that stakeholders may
have a limited understanding of the scope of available
technologies, and that stakeholders may differ in their awareness
of available technologies. Moreover, technologies that are not
ICT based (eg, household appliances and home adaptations) are
also relevant in the context of aging in place according to
stakeholders. In this sense, their concept of technology is less
exclusive than the commonly used definitions of ambient
assisted living technology [30], smart home technology [6], and
eHealth [31].

With regard to the aims of stakeholders, all stakeholder groups
felt that the implementation of technology for aging in place
can be considered a success when (1) older adults’ needs and
wishes are prioritized during development and deployment of
the technology, (2) the technology is accepted by older adults,
(3) the technology provides benefits to older adults, and (4)
favorable prerequisites for the use of technology by older adults
exist. As such, all stakeholder groups were profoundly
concerned with the position of older adults when it comes to
implementing technologies for aging in place. This study aligns
closely with work reported by Greenhalgh et al [32], in which
the authors sought to define quality in the design,
implementation, and use of telehealth and telecare solutions for
older adults with assisted living needs. In that study, which
involved older adults, technology suppliers, and service
providers, it was concluded that every stakeholder needs to
comprehend the (changing) needs and capabilities of older
adults, as well as their social context [32]. Such an approach,
centered around the older individual, also aligns with the trend
toward patient empowerment and patient engagement [33-36];
technology may be used to empower seniors, but this requires
their engagement during design and implementation.

While the stakeholders in this study generally appeared to have
identical aims with regard to technology for aging in place, it
is important to note that underlying differences existed between
stakeholders. For example, all stakeholder groups agreed that
technology should provide certain benefits to older adults, but
older adults were the only group that stressed that technology
should not provide too many benefits, since this could make
people dependent on technology, which is in line with previous
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research [12,37,38]. Another example of the variance of opinion
is affordability: stakeholders agreed that this is important, but
they did not seem to be on the same page with regard to who
should pay for the technology. Participants in this study were
not involved in a joint effort to implement technology at the
time that data for this study was gathered. Once stakeholders
are further into the process of implementing technology together,
the aforementioned differences in the interpretation of key aims,
such as benefits and affordability, could lead to cases of
stakeholder dissonance, which threatens a project’s viability if
left undetected and unresolved [39].

Each stakeholder group mentioned specific steps that need to
be taken to achieve successful implementations. Collectively,
stakeholders felt they need to take the leap (ie, change attitudes,
change policies, and collaborate with other organizations),
bridge the gap (ie, match technology with individuals and
stimulate interdisciplinary education), facilitate technology for
the masses (ie, work on products and research that supports
large-scale rollouts and train target groups on how to use
technology), and take time to reflect (ie, evaluate use and
outcomes). Some of the aforementioned steps or recommended
actions have also been reported by similar stakeholder groups
in other studies; for example, the need to focus on changing the
attitudes of care receivers and care givers [40,41], the need to
match technology with individual clients [28,40,42], and the
need for training stakeholder groups [8,42,43]. Additionally,
studies have pointed to recommended actions that were not
mentioned by participants in this study. These include the need
to consider how the introduction of technology affects the
existing workflow in home care organizations [40-42] and the
fact that care professionals require support while using
technology [8,44,45].

The recommended actions brought forward by stakeholders in
this study imply that structural changes need to be made on
political/ strategic, organizational/ contractual, managerial/
scientific, and operational levels [46]. Such changes will not be
easy to implement because of their fundamental character, and
because they require changes in how different stakeholder
groups operate and interface with one another [11,22,32].
Additionally, recent evaluations of the Delivering Assisted
Living Lifestyles at Scale (dallas) program in England [11] and
Scotland [22] indicate that while involving end users in the
design of technologies could promote adoption, it is also very
difficult to simultaneously codesign and deliver technologies
at a large scale. The reason for this is that codesign is time and
resource consuming [11,22]. This was also demonstrated by
Linskell and Bouamrane [47], who described two possible routes
for the delivery of technology that could support aging in place:
a short and direct delivery route, which is prone to
misinterpretation of user needs, and a longer codesign route
which incorporates task analysis and more extensive
specification of product requirements. Therefore, when it comes
to matching technology with individuals, the challenge seems
to lie in being able to determine when a short and direct delivery
route is acceptable and when a longer codesign route is
warranted.

The results of this study can be viewed in light of the
Normalization Process Theory (NPT), as described by May and

Finch [48-50]. NPT addresses “the factors needed for successful
implementation and integration of interventions into routine
work” [49] and consists of four main components: coherence
(ie, meaning and sense making by stakeholders); cognitive
participation (ie, commitment and engagement by stakeholders);
collective action (ie, the work stakeholders do to make the
intervention function in practice); and reflexive monitoring (ie,
formal and informal appraisal of the benefits and costs of the
intervention) [50]. Our findings seem to indicate that NPT can
potentially provide a useful framework for studying
implementations in the context of aging in place. First, the
themes that emerged in this study with regard to what is needed
to successfully implement technology for aging in place bear
resemblance to NPT’s concepts of cognitive participation,
collective action, and reflexive monitoring. For example, the
take the leap   theme, which includes a change in attitudes, a
change in policies, and collaboration with other organizations,
resembles NPT’s cognitive participation component; the bridge
the gap   and facilitate technology for the masses   themes are
in line with NPT’s component of collective action. Second,
NPT’s first component, coherence, includes a “shared
understanding of the aims, objectives, and expected benefits”
[51], and this study shows that focus group sessions can be
employed to start to develop this type of shared understanding.
However, it was not our goal to verify or test NPT in this study.
Future studies are necessary to explore the value of NPT in the
context of aging in place, particularly in situations where
available technological solutions need to be matched to the
specific needs of each client. Furthermore, focus group sessions
in this study were mono-disciplinary and led to findings that
pointed to several differences among stakeholder groups,
indicating that it would be beneficial to follow up on these
mono-disciplinary sessions by conducting heterogeneous
sessions to further develop coherence.

Limitations
Our study is limited by the fact that it may not have included
all the relevant stakeholders. For example, research shows that
family members and informal caregivers can play an important
role in the (effective) use of technology by community-dwelling
older adults [38,52]. Additionally, the grouping of stakeholders
in this study is an oversimplification, as each stakeholder group
can be broken down into more specific subgroups. Furthermore,
process evaluations covering a longer period of time are needed
to determine how dynamics between stakeholders influence the
effective provisioning of personalized and appropriate
technology that can help older adults to age in place. Lastly, it
cannot be ruled out that our study was susceptible to selection
bias since all participants were part of a project that aimed to
improve the deployment of technology for aging in place by
conducting research in the homes of older adults.

Conclusions
In conclusion, this study adds to the limited body of work
concerned with successfully implementing technology that aims
to support aging in place. Stakeholders in this study largely
agree on the direction in which they should be heading, yet they
have different perspectives with regard to the technologies that
can be employed and the work that needs to be done to
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implement these. Central to a successful implementation seems
to be the tailoring of technology or technologies to the specific
needs of each community-dwelling individual, and the work
that is needed by stakeholders to support this type of service
delivery on a large scale. Our findings indicate a tension between
aiming to personalize technology implementations and aiming

to deploy technology en masse. It is clear that, in order to
successfully implement technology for aging in place,
stakeholders need to engage in an ongoing mutual commitment
focused on the goal of empowering older adults through the use
of technology.

 

Acknowledgments
The authors would like to thank the participants of the focus groups. Additionally, Marianne Nieboer, Babs Bergs, Rienk Overdiep,
Sil Aarts, Joost van Hoof, Claire van der Voort, Stephan Rooijers, Caroline Heesakkers, Jac Thielemans, Erik van Santvoort, and
Anna van der Straaten are thanked for their help in moderating and organizing the sessions. The authors would also like to thank
Kimberley Abeln, Tamara de Bruin, Femke Dilven, Ger Gijsbers, and Suzanne van Gijzel for transcribing the interviews and for
their help during data analysis.

This work was supported by the Regional Attention and Action for Knowledge Circulation (RAAK) scheme (PRO-3-37), which
is managed by the Foundation Innovation Alliance (Stichting Innovatie Alliantie [SIA]) with funding from the Dutch Ministry
of Education, Culture and Science (OCW). SIA-RAAK had no role in the study design; the collection, analysis, and interpretation
of data; the writing of the report; nor the decision to submit the paper for publication.

Authors' Contributions
All authors have made a substantial, direct, intellectual contribution to this study. STMP was responsible for the study concept
and design, data analysis, and drafting of the manuscript. EJMW was responsible for the study design and critical revision of the
manuscript for important intellectual content. KGL and HJMV were responsible for the critical revision of the manuscript for
important intellectual content. All authors approved the final version.

Conflicts of Interest
None declared.

References
1. World Population Ageing 2013. New York, NY: United Nations, Department of Economic and Social Affairs, Population

Division; 2013. URL: http://www.un.org/en/development/desa/population/publications/pdf/ageing/
WorldPopulationAgeingReport2013.pdf [accessed 2016-04-14] [WebCite Cache ID 6gleQDoHp]

2. Vasunilashorn S, Steinman BA, Liebig PS, Pynoos J. Aging in place: Evolution of a research topic whose time has come.
J Aging Res 2012;2012:120952 [FREE Full text] [doi: 10.1155/2012/120952] [Medline: 22175020]

3. Peek STM, Wouters EJM, van Hoof J, Luijkx KG, Boeije HR, Vrijhoef HJM. Factors influencing acceptance of technology
for aging in place: A systematic review. Int J Med Inform 2014 Apr;83(4):235-248 [FREE Full text] [doi:
10.1016/j.ijmedinf.2014.01.004] [Medline: 24529817]

4. Michel JP, Franco A. Geriatricians and technology. J Am Med Dir Assoc 2014 Dec;15(12):860-862. [doi:
10.1016/j.jamda.2014.09.016] [Medline: 25454316]

5. Wilson C, Hargreaves T, Hauxwell-Baldwin R. Smart homes and their users: A systematic analysis and key challenges.
Pers Ubiquitous Comput 2015 Feb;19(2):463-476. [doi: 10.1007/s00779-014-0813-0]

6. Balta-Ozkan N, Davidson R, Bicket M, Whitmarsh L. Social barriers to the adoption of smart homes. Energy Policy
2013;63:363-374.

7. Doyle J, Bailey C, Ni Scanaill C, van den Berg F. Lessons learned in deploying independent living technologies to older
adults' homes. Univers Access Inf Soc 2014 Jun;13(2):191-204. [doi: 10.1007/s10209-013-0308-1]

8. Nieboer ME, van Hoof J, van Hout AM, Aarts S, Wouters EJM. Professional values, technology and future health care:
The view of health care professionals in The Netherlands. Technol Soc 2014 Nov;39:10-17. [doi:
10.1016/j.techsoc.2014.05.003]

9. Ehrenhard M, Kijl B, Nieuwenhuis L. Market adoption barriers of multi-stakeholder technology: Smart homes for the aging
population. Technol Forecast Soc Change 2014 Nov;89:306-315. [doi: 10.1016/j.techfore.2014.08.002]

10. Sponselee AAG. Acceptance and effectiveness of smart home solutions. In: van Hoof J, Demiris G, Wouters EJM, editors.
Handbook of Smart Homes, Health Care and Well-Being. Cham, Switzerland: Springer International Publishing; Nov 4,
2014:1-12.

11. Devlin AM, McGee-Lennon M, O'Donnell CA, Bouamrane MM, Agbakoba R, O'Connor S, “dallas” evaluation team.
Delivering digital health and well-being at scale: Lessons learned during the implementation of the dallas program in the
United Kingdom. J Am Med Inform Assoc 2016 Jan;23(1):48-59 [FREE Full text] [doi: 10.1093/jamia/ocv097] [Medline:
26254480]

J Med Internet Res 2016 | vol. 18 | iss. 5 |e98 | p.270http://www.jmir.org/2016/5/e98/
(page number not for citation purposes)

Peek et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeingReport2013.pdf
http://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeingReport2013.pdf
http://www.webcitation.org/6gleQDoHp
http://dx.doi.org/10.1155/2012/120952
http://dx.doi.org/10.1155/2012/120952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22175020&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1386-5056(14)00017-3
http://dx.doi.org/10.1016/j.ijmedinf.2014.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24529817&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2014.09.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25454316&dopt=Abstract
http://dx.doi.org/10.1007/s00779-014-0813-0
http://dx.doi.org/10.1007/s10209-013-0308-1
http://dx.doi.org/10.1016/j.techsoc.2014.05.003
http://dx.doi.org/10.1016/j.techfore.2014.08.002
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=26254480
http://dx.doi.org/10.1093/jamia/ocv097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26254480&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


12. Peek STM, Aarts S, Wouters EJM. Can smart home technology deliver on the promise of independent living? A critical
reflection based on the perspectives of older adults. In: van Hoof J, Demiris G, Wouters EJM, editors. Handbook of Smart
Homes, Health Care and Well-Being. Cham, Switzerland: Springer International Publishing; Mar 6, 2015:1-10.

13. Reeder B, Meyer E, Lazar A, Chaudhuri S, Thompson HJ, Demiris G. Framing the evidence for health smart homes and
home-based consumer health technologies as a public health intervention for independent aging: A systematic review. Int
J Med Inform 2013 Jul;82(7):565-579. [doi: 10.1016/j.ijmedinf.2013.03.007] [Medline: 23639263]

14. Graybill EM, McMeekin P, Wildman J. Can aging in place be cost effective? A systematic review. PLoS One
2014;9(7):e102705 [FREE Full text] [doi: 10.1371/journal.pone.0102705] [Medline: 25058505]

15. Boonstra A, van Offenbeek M. Towards consistent modes of e-health implementation: Structurational analysis of a telecare
programme’s limited success. Inf Syst J 2010 Aug 27;20(6):537-561. [doi: 10.1111/j.1365-2575.2010.00358.x]

16. Freeman RE. Strategic Management: A Stakeholder Approach. Boston, MA: Pitman Publishing Inc; Mar 2010:1-292.
17. Frooman J. Stakeholder influence strategies. Acad Manage Rev 1999 Apr 01;24(2):191-205. [doi:

10.5465/AMR.1999.1893928]
18. Clark J, McGee Lennon M. A stakeholder-centred exploration of the current barriers to the uptake of home care technology

in the UK. J Assist Technol 2011 Mar 18;5(1):12-25. [doi: 10.5042/jat.2011.0097]
19. Reginatto BMB. Understanding barriers to wider telehealth adoption in the home environment of older people: An exploratory

study in the Irish context. J Adv Life Sci 2012;4(3&4):63-76.
20. Leonard KJ. Critical success factors relating to healthcare's adoption of new technology: A guide to increasing the likelihood

of successful implementation. Electron Healthc 2004 Mar;2(4):72-81.
21. Sponselee A, Schouten B, Bouwhuis D, Willems C. Smart home technology for the elderly: Perceptions of multidisciplinary

stakeholders. In: Mühlhäuser M, Ferscha A, Aitenbichler E, editors. Constructing Ambient Intelligence. Berlin, Germany:
Springer; 2008:314-326.

22. Agbakoba R, McGee-Lennon M, Bouamrane M, Watson N, Mair FS. Implementation factors affecting the large-scale
deployment of digital health and well-being technologies: A qualitative study of the initial phases of the 'Living-It-Up'
programme. Health Informatics J 2015 Aug 14:1-11. [doi: 10.1177/1460458215594651] [Medline: 26276795]

23. Sugarhood P, Wherton J, Procter R, Hinder S, Greenhalgh T. Technology as system innovation: A key informant interview
study of the application of the diffusion of innovation model to telecare. Disabil Rehabil Assist Technol 2014 Jan;9(1):79-87.
[doi: 10.3109/17483107.2013.823573] [Medline: 23919407]

24. Murray E, Burns J, May C, Finch T, O'Donnell C, Wallace P, et al. Why is it difficult to implement e-health initiatives? A
qualitative study. Implement Sci 2011;6:6 [FREE Full text] [doi: 10.1186/1748-5908-6-6] [Medline: 21244714]

25. Sim J. Collecting and analysing qualitative data: Issues raised by the focus group. J Adv Nurs 1998 Aug;28(2):345-352.
[Medline: 9725732]

26. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:
10.1191/1478088706qp063oa]

27. van Bronswijk JEMH, Bouma H, Fozard JL. Technology for quality of life: An enriched taxonomy. Gerontechnology
2002;2(2):169-172. [doi: 10.4017/gt.2002.02.02.001.00]

28. Jarrold D, Bouamrane MM. Engaging with end-users of independent living technology in Scotland... The experience of
the Blackwood Foundation. In: Proceedings of the 5th International Conference on Pervasive Computing Technologies for
Healthcare (PervasiveHealth) and Workshops. New York, NY: IEEE; 2011 Presented at: 5th International Conference on
Pervasive Computing Technologies for Healthcare (PervasiveHealth) and Workshops; May 23-26, 2011; Dublin, Ireland
p. 278-282. [doi: 10.4108/icst.pervasivehealth.2011.246045]

29. Heinz M, Martin P, Margrett JA, Yearns M, Franke W, Yang H, et al. Perceptions of technology among older adults. J
Gerontol Nurs 2013 Jan;39(1):42-51. [doi: 10.3928/00989134-20121204-04] [Medline: 23244061]

30. Pecchia L, Chen LL, Nugent C, Bravo J, editors. Preface. In: Ambient Assisted Living and Daily Activities. Cham,
Switzerland: Springer International Publishing; Dec 2014.

31. Pagliari C, Sloan D, Gregor P, Sullivan F, Detmer D, Kahan JP, et al. What is eHealth (4): A scoping exercise to map the
field. J Med Internet Res 2005;7(1):e9 [FREE Full text] [doi: 10.2196/jmir.7.1.e9] [Medline: 15829481]

32. Greenhalgh T, Procter R, Wherton J, Sugarhood P, Hinder S, Rouncefield M. What is quality in assisted living technology?
The ARCHIE framework for effective telehealth and telecare services. BMC Med 2015;13(91):1-15 [FREE Full text] [doi:
10.1186/s12916-015-0279-6] [Medline: 25902803]

33. Calvillo J, Román I, Roa LM. How technology is empowering patients? A literature review. Health Expect 2015
Oct;18(5):643-652. [doi: 10.1111/hex.12089] [Medline: 23711169]

34. Vrijhoef HJM. Patient engagement is the new hard currency in health care. Int J Care Coord 2015 Mar;18(1):3-4. [doi:
10.1177/2053434515577291]

35. Richards T, Montori VM, Godlee F, Lapsley P, Paul D. Let the patient revolution begin. BMJ 2013;346:f2614. [Medline:
23674136]

36. Engelen L. BMJ Blogs. 2013 Aug 16. Patients not included URL: http://blogs.bmj.com/bmj/2013/08/16/
lucien-engelen-patients-not-included/ [accessed 2015-10-16] [WebCite Cache ID 6cK47IXlD]

J Med Internet Res 2016 | vol. 18 | iss. 5 |e98 | p.271http://www.jmir.org/2016/5/e98/
(page number not for citation purposes)

Peek et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ijmedinf.2013.03.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23639263&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0102705
http://dx.doi.org/10.1371/journal.pone.0102705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25058505&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2575.2010.00358.x
http://dx.doi.org/10.5465/AMR.1999.1893928
http://dx.doi.org/10.5042/jat.2011.0097
http://dx.doi.org/10.1177/1460458215594651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26276795&dopt=Abstract
http://dx.doi.org/10.3109/17483107.2013.823573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23919407&dopt=Abstract
http://www.implementationscience.com/content/6//6
http://dx.doi.org/10.1186/1748-5908-6-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21244714&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9725732&dopt=Abstract
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.4017/gt.2002.02.02.001.00
http://dx.doi.org/10.4108/icst.pervasivehealth.2011.246045
http://dx.doi.org/10.3928/00989134-20121204-04
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23244061&dopt=Abstract
http://www.jmir.org/2005/1/e9/
http://dx.doi.org/10.2196/jmir.7.1.e9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829481&dopt=Abstract
http://www.biomedcentral.com/1741-7015/13/91
http://dx.doi.org/10.1186/s12916-015-0279-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25902803&dopt=Abstract
http://dx.doi.org/10.1111/hex.12089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23711169&dopt=Abstract
http://dx.doi.org/10.1177/2053434515577291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23674136&dopt=Abstract
http://blogs.bmj.com/bmj/2013/08/16/lucien-engelen-patients-not-included/
http://blogs.bmj.com/bmj/2013/08/16/lucien-engelen-patients-not-included/
http://www.webcitation.org/6cK47IXlD
http://www.w3.org/Style/XSL
http://www.renderx.com/


37. Bowman S, Hooker K, Steggell CD, Brandt J. Perceptions of communication and monitoring technologies among older
rural women: Problem or panacea? J Hous Elderly 2013 Jan;27(1-2):48-60. [doi: 10.1080/02763893.2012.754814]

38. Peek STM, Luijkx KG, Rijnaard MD, Nieboer ME, van der Voort CS, Aarts S, et al. Older adults' reasons for using
technology while aging in place. Gerontology 2016 Feb;62:226-237 [FREE Full text] [doi: 10.1159/000430949] [Medline:
26044243]

39. Samaras E, Samaras G. Stakeholder dissonance as a critical determinant of an e-health initiative: A case study. Online J
Nurs Inform 2012;16(1):36-38.

40. Koopman RJ, Wakefield BJ, Johanning JL, Keplinger LE, Kruse RL, Bomar M, et al. Implementing home blood glucose
and blood pressure telemonitoring in primary care practices for patients with diabetes: Lessons learned. Telemed J E Health
2014 Mar;20(3):253-260 [FREE Full text] [doi: 10.1089/tmj.2013.0188] [Medline: 24350806]

41. Essén A, Conrick M. New e-service development in the homecare sector: Beyond implementing a radical technology. Int
J Med Inform 2008 Oct;77(10):679-688. [doi: 10.1016/j.ijmedinf.2008.02.001] [Medline: 18514021]

42. Hebert MA, Korabek B. Stakeholder readiness for telehomecare: Implications for implementation. Telemed J E Health
2004;10(1):85-92. [doi: 10.1089/153056204773644625] [Medline: 15104920]

43. Agbakoba R, McGee-Lennon M, Bouamrane MM, Watson N, Mair F. Implementing a national Scottish digital health &
wellbeing service at scale: A qualitative study of stakeholders' views. Stud Health Technol Inform 2015;216:487-491.
[Medline: 26262098]

44. de Veer AJE, Fleuren MAH, Bekkema N, Francke AL. Successful implementation of new technologies in nursing care: A
questionnaire survey of nurse-users. BMC Med Inform Decis Mak 2011 Oct 27;11(67):1-12 [FREE Full text] [doi:
10.1186/1472-6947-11-67] [Medline: 22032728]

45. Robben SH, Perry M, Huisjes M, van Nieuwenhuijzen L, Schers HJ, van Weel C, et al. Implementation of an innovative
web-based conference table for community-dwelling frail older people, their informal caregivers and professionals: A
process evaluation. BMC Health Serv Res 2012 Aug 15;12(251):1-12 [FREE Full text] [doi: 10.1186/1472-6963-12-251]
[Medline: 22894654]

46. Vitacca M, Mazzù M, Scalvini S. Socio-technical and organizational challenges to wider e-Health implementation. Chron
Respir Dis 2009;6(2):91-97. [doi: 10.1177/1479972309102805] [Medline: 19411570]

47. Linskell J, Bouamrane MM. Assisted-living spaces for end-users with complex needs: A proposed implementation and
delivery model. Health Informatics J 2012 Sep;18(3):159-170. [doi: 10.1177/1460458212441474] [Medline: 23011811]

48. May C, Finch T. Implementing, embedding, and integrating practices: An outline of normalization process theory. Sociology
2009 Jun 15;43(3):535-554. [doi: 10.1177/0038038509103208]

49. May CR, Mair F, Finch T, MacFarlane A, Dowrick C, Treweek S, et al. Development of a theory of implementation and
integration: Normalization Process Theory. Implement Sci 2009;4(29):1-9 [FREE Full text] [doi: 10.1186/1748-5908-4-29]
[Medline: 19460163]

50. Murray E, Treweek S, Pope C, MacFarlane A, Ballini L, Dowrick C, et al. Normalisation process theory: A framework for
developing, evaluating and implementing complex interventions. BMC Med 2010;8(63):1-11 [FREE Full text] [doi:
10.1186/1741-7015-8-63] [Medline: 20961442]

51. Mair FS, May C, O'Donnell C, Finch T, Sullivan F, Murray E. Factors that promote or inhibit the implementation of e-health
systems: An explanatory systematic review. Bull World Health Organ 2012 May 1;90(5):357-364 [FREE Full text] [doi:
10.2471/BLT.11.099424] [Medline: 22589569]

52. Luijkx K, Peek S, Wouters E. "Grandma, you should do it--It's cool": Older adults and the role of family members in their
acceptance of technology. Int J Environ Res Public Health 2015;12(12):15470-15485 [FREE Full text] [doi:
10.3390/ijerph121214999] [Medline: 26690188]

Abbreviations
ADL: activities of daily living
C: care professionals
dallas: Delivering Assisted Living Lifestyles at Scale
GPS: global positioning system
ICT: information and communications technology
M: managers
NPT: Normalization Process Theory
O: older adults
OCW: Dutch Ministry of Education, Culture and Science
P: policy advisors and policy makers
RAAK: Regional Attention and Action for Knowledge Circulation
SIA: Stichting Innovatie Alliantie
T: technologists

J Med Internet Res 2016 | vol. 18 | iss. 5 |e98 | p.272http://www.jmir.org/2016/5/e98/
(page number not for citation purposes)

Peek et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1080/02763893.2012.754814
http://www.karger.com?DOI=10.1159/000430949
http://dx.doi.org/10.1159/000430949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26044243&dopt=Abstract
http://europepmc.org/abstract/MED/24350806
http://dx.doi.org/10.1089/tmj.2013.0188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24350806&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2008.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18514021&dopt=Abstract
http://dx.doi.org/10.1089/153056204773644625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15104920&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26262098&dopt=Abstract
http://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-11-67
http://dx.doi.org/10.1186/1472-6947-11-67
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22032728&dopt=Abstract
http://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-12-251
http://dx.doi.org/10.1186/1472-6963-12-251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22894654&dopt=Abstract
http://dx.doi.org/10.1177/1479972309102805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19411570&dopt=Abstract
http://dx.doi.org/10.1177/1460458212441474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23011811&dopt=Abstract
http://dx.doi.org/10.1177/0038038509103208
http://www.implementationscience.com/content/4//29
http://dx.doi.org/10.1186/1748-5908-4-29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19460163&dopt=Abstract
http://www.biomedcentral.com/1741-7015/8/63
http://dx.doi.org/10.1186/1741-7015-8-63
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20961442&dopt=Abstract
http://www.scielosp.org/scielo.php?script=sci_arttext&pid=BLT.11.099424&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.2471/BLT.11.099424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22589569&dopt=Abstract
http://www.mdpi.com/resolver?pii=ijerph121214999
http://dx.doi.org/10.3390/ijerph121214999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26690188&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 16.10.15; peer-reviewed by MM Bouamrane, J Ross, S Hinder; comments to author 12.11.15;
revised version received 17.01.16; accepted 04.02.16; published 03.05.16.

Please cite as:
Peek STM, Wouters EJM, Luijkx KG, Vrijhoef HJM
What it Takes to Successfully Implement Technology for Aging in Place: Focus Groups With Stakeholders
J Med Internet Res 2016;18(5):e98
URL: http://www.jmir.org/2016/5/e98/ 
doi:10.2196/jmir.5253
PMID:27143097

©Sebastiaan Theodorus Michaël Peek, Eveline JM Wouters, Katrien G Luijkx, Hubertus JM Vrijhoef. Originally published in
the Journal of Medical Internet Research (http://www.jmir.org), 03.05.2016. 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, a link to the original publication on http://www.jmir.org/,
as well as this copyright and license information must be included.

J Med Internet Res 2016 | vol. 18 | iss. 5 |e98 | p.273http://www.jmir.org/2016/5/e98/
(page number not for citation purposes)

Peek et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.jmir.org/2016/5/e98/
http://dx.doi.org/10.2196/jmir.5253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27143097&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Preexposure Prophylaxis Modality Preferences Among Men Who
Have Sex With Men and Use Social Media in the United States

Eric William Hall1, MPH; Walid Heneine2, PhD; Travis Sanchez1, MPH, DVM; Robert Craig Sineath1, MPH; Patrick

Sullivan1, DVM, PhD
1Department of Epidemiology, Rollins School of Public Health, Emory University, Atlanta, GA, United States
2National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention, Centers for Disease Control and Prevention, Atlanta, GA, United States

Corresponding Author:
Eric William Hall, MPH
Department of Epidemiology
Rollins School of Public Health
Emory Univeresity
GCR 432
1518 Clifton Road
Atlanta, GA, 30322
United States
Phone: 1 4047278965
Fax: 1 4047128392
Email: eric.w.hall@emory.edu

Abstract

Background: Preexposure prophylaxis (PrEP) is available as a daily pill for preventing infection with the human
immunodeficiency virus (HIV). Innovative methods of administering PrEP systemically or topically are being discussed and
developed.

Objective: The objective of our study was to assess attitudes toward different experimental modalities of PrEP administration.

Methods: From April to July 2015, we recruited 1106 HIV-negative men who have sex with men through online social media
advertisements and surveyed them about their likelihood of using different PrEP modalities. Participants responded to 5-point
Likert-scale items indicating how likely they were to use each of the following PrEP modalities: a daily oral pill, on-demand
pills, periodic injection, penile gel (either before or after intercourse), rectal gel (before/after), and rectal suppository (before/after).
We used Wilcoxon signed rank tests to determine whether the stated likelihood of using any modality differed from daily oral
PrEP. Related items were combined to assess differences in likelihood of use based on tissue or time of administration. Participants
also ranked their interest in using each modality, and we used the modified Borda count method to determine consensual rankings.

Results: Most participants indicated they would be somewhat likely or very likely to use PrEP as an on-demand pill (685/1105,
61.99%), daily oral pill (528/1036, 50.97%), injection (575/1091, 52.70%), or penile gel (438/755, 58.01% before intercourse;
408/751, 54.33% after). The stated likelihoods of using on-demand pills (median score 4) and of using a penile gel before
intercourse (median 4) were both higher than that of using a daily oral pill (median 4, P<.001 and P=.001, respectively). Compared
with a daily oral pill, participants reported a significantly lower likelihood of using any of the 4 rectal modalities (Wilcoxon
signed rank test, all P<.001). On 10-point Likert scales created by combining application methods, the reported likelihood of
using a penile gel (median 7) was higher than that of using a rectal gel (median 6, P<.001), which was higher than the likelihood
of using a rectal suppository (median 6, P<.001). The modified Borda count ranked on-demand pills as the most preferred modality.
There was no difference in likelihood of use of PrEP (gel or suppository) before or after intercourse.

Conclusions: Participants typically prefer systemic PrEP and are less likely to use a modality that is administered rectally.
Although most of these modalities are seen as favorable or neutral, attitudes may change as information about efficacy and
application becomes available. Further data on modality preference across risk groups will better inform PrEP development.

(J Med Internet Res 2016;18(5):e111)   doi:10.2196/jmir.5713
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Introduction

Although improvements in treatment have extended the life
expectancy of people infected with the human
immunodeficiency virus (HIV), there are still a troubling number
of new HIV infections each year. In particular, HIV incidence
rates among men who have sex with men (MSM) are increasing
in North America and several other regions of the world [1,2].
In 2014, 70% of all new infections in the United States occurred
among MSM [3]. To reduce the number of new infections,
prevention strategies targeted toward specific risk groups are
needed.

A recent and exciting strategy, HIV preexposure prophylaxis
(PrEP), involves using antiretroviral medication to reduce the
risk of HIV infection among HIV-negative individuals. In 2010,
this concept was first demonstrated in humans with publication
of results from the iPrEx study, a randomized controlled trial
that tested the efficacy of tenofovir disoproxil fumarate (TDF)
in combination with emtricitabine (FTC) among MSM [4]. The
iPrEx trial demonstrated a 44% (95% CI 15%-63%) reduction
in HIV incidence among men who were taking TDF/FTC as a
daily oral pill compared with a placebo group. Since then, other
randomized controlled trials have indicated that a daily PrEP
pill can reduce risk of HIV transmission in HIV-discordant
couples [5], sexually active heterosexual men and women [6],
and intravenous drug users [7]. However, 2 other trials showed
no protective effect in heterosexual women in high-risk areas
of Africa, but both of these studies had problems with adherence
[8,9].

Results from these PrEP efficacy studies show varying degrees
of HIV risk reduction that ranges from 0% to 75%. However,
this wide range is most commonly attributed to varying levels
of adherence, because PrEP efficacy is much higher among
participants who demonstrated consistent use [10-14]. For
example, when blood samples were analyzed in the iPrEx study,
HIV incidence reduction was 92% among participants who had
the drug detectable in their blood and 99% among participants
who had drug levels corresponding to daily use (both compared
with the placebo group) [15,16].

In 2014, the US Centers for Disease Control and Prevention
and the World Health Organization released guidelines that
recommend the use of daily oral PrEP in populations with an
elevated risk of HIV infection [17,18]. However, barriers such
as cost, the burden of taking a daily pill, and concerns about
potential health effects (both long-term and short-term effects)
have led to PrEP being underused by eligible people [13,19-21].

Although a daily oral TDF/FTC pill is the only approved and
recommended form of PrEP, there is growing interest in
developing new methods for administering antiretroviral drugs
as prevention. Topical applications of PrEP have been studied
in 2 clinical trials of high-risk women who used a TDF-based
vaginal gel either before and after sex [22] or on a daily basis
[8]. Although the results from these trials present conflicting
conclusions, further analysis indicates that the efficacy of
vaginal gel depends on the concentration of tenofovir in the

cervicovaginal fluid, which is also likely an indication of
adherence [23]. A recent study among MSM (iPERGAY)
investigated the efficacy of intermittent TDF/FTC pills taken
just before and after sexual encounters, but the study was
stopped early because initial analysis found comparable
protection against HIV infection between these on-demand PrEP
regimens and daily PrEP [24].

Researchers are investigating the delivery of PrEP as oral pills
that are used intermittently (ie, less than a daily basis), topical
gels, vaginal rings, and long-lasting injections [21,25,26].
Because high levels of PrEP efficacy are dependent on
adherence, there is obvious interest in developing administration
modalities that target groups are willing to use. To help guide
these research efforts, we sought to assess attitudes among MSM
toward a variety of potential modalities of PrEP administration.

Methods

Recruitment
We collected data through a study that primarily explored
alternative methods for delivering consent information and
maximizing retention in online surveys [27] (funded by NICHD
Research Grant 1R21-HD074502-01A1). Participants were
recruited through targeted advertisements on a social media
website (Facebook) from April 2015 to July 2015. Recruitment
advertisements appeared to users in the United States who
indicated on their Facebook profile that they are male, over 18
years of age, and interested in men. People who clicked on the
advertisements were directed to an online consent module and
a short screener to determine eligibility. To be eligible for the
survey, users had to be male, between 18 and 34 years old, and
not report having sex only with women in the past year. Men
who reported never having oral or anal sex with a man were
removed from the analysis dataset.

Eligible men were given an online survey that collected
demographic information such as age, education, race or
ethnicity, zip code, and self-identified sexual orientation. The
survey also collected information about sexual history and
current sexual practices, history of HIV testing, and relationship
status. All study materials and procedures were approved by
the Emory University Institutional Review Board.

Participants who reported a negative or unknown HIV status
were asked about their knowledge of PrEP and history of use.
Participants who had not previously used PrEP answered 5-point
Likert-scale items that asked how likely they were to use
different PrEP modalities to reduce the risk of getting HIV.
They were asked about 9 Likert-scale items, 1 for each of the
modalities listed in Table 1. Participants were only asked about
modalities that involved penile application if they reported
having insertive anal sex in the past year. Likewise, participants
were only asked about the rectal modalities if they reported
having receptive anal sex in the past year. We collected
responses to each Likert-scale item in the following format:
1=very unlikely, 2=somewhat unlikely, 3=neither likely or
unlikely, 4=somewhat likely, 5=very likely.
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Table 1. Preexposure prophylaxis modalities presenteda to online survey respondents aged 18–34 years, by type of anal sex with male partner(s) in the
past year, United States, April–July 2015.

No anal sexReceptive onlyInsertive onlyModalities

XXXbDaily oral pill

XXXOn-demand pillsc

XXXInjection every 1–3 months

XPenis gel before insertive intercourse

XPenis gel after insertive intercourse

XRectal gel before receptive intercourse

XRectal gel after receptive intercourse

XRectal suppository 30 minutes before receptive intercourse

XRectal suppository 3 hours after receptive intercourse

aThe survey included individual Likert-scale items asking the likelihood of using each modality.
bParticipants who indicated they had both insertive and receptive anal sex in the past year were presented all modalities. Modalities presented to
participants who said they only had insertive anal sex, receptive anal sex, or no anal sex in the past year are indicated by an “X”. Depending on their
response, participants were then presented with a complete list (for each sexual behavior group) and asked to rank the modalities from most likely to
least likely to use.
cIncludes 2 pills within 24 hours before sex and 2 separate 1-pill doses within 2 days after sex.

Participants were also asked to rank their interest in using each
of the different potential methods of PrEP administration. The
number of modalities that each participant could rank depended
on the type of sex he indicated having in the past 12 months. If
a respondent said he had both insertive and receptive anal sex
in the past year, he could rank all 9 potential modalities.
However, if a respondent indicated he only had receptive anal
sex in the past 12 months, he was prompted to rank only 7
potential modalities (4 that are applied rectally, 2 applied orally,
and an injection).

Statistical Analyses
We did all analyses using SAS v9.4 (SAS Institute Inc).
Participants who did not respond to any of the PrEP modality
Likert-scale items (n=318) were removed from the analysis
dataset. We summarized the likelihood of using each PrEP
modality by finding the mean, median, and mode of the 5-point
Likert-scale item response. Since these items are ordinal and
not interval data, we used nonparametric tests for statistical
inferences. We used Wilcoxon signed rank tests to determine
whether the reported likelihood of using each of the 8
experimental PrEP modalities differed from the likelihood of
using PrEP as a daily oral pill. Each test was considered
statistically significant at alpha=.05.

Individual Likert-scale items that asked about topical application
sites were summed to create separate Likert scales based on
application method and time of application. This resulted in
three 10-point Likert scales based on method (penile gel, rectal
gel, and rectal suppository) and two 15-point Likert scales based
on time of application (before intercourse, after intercourse)
[28].

To assess demographic associations with likelihood of using
each modality, we dichotomized individual Likert-scale item
responses so that “somewhat likely” or “very likely” indicated
likelihood of use (versus “somewhat unlikely” or “very

unlikely”). Responses of “neither likely or unlikely” were set
to missing. We used logistic regression to determine unadjusted
odds ratios (ORs) and corresponding confidence intervals for
demographic variables of interest.

We used the modified Borda count method to determine the
order of preference for the different PrEP modalities [29]. Each
modality was assigned a number of points that corresponded to
the position in which it was ranked by the participant. The
number of points given to a participant’s first choice was equal
to the number of modalities he actually ranked. We then summed
points for each modality to create a collective ranking. Since
the number of options presented to an individual depended on
the type of sex he reported in the past 12 months (eg, a
participant who only reported insertive anal sex was not
presented with modalities that are administered rectally), we
stratified cumulative rankings by reported sexual practices.

Results

There were 3990 participants who started the online survey and
answered eligibility questions. Of 1921 men who met the
eligibility requirements for the survey, 4 reported having tested
positive for HIV and 493 reported never having oral or anal sex
with a man. We further limited the final analysis dataset to the
1106 participants who answered at least one of the questions
related to PrEP.

Table 2 summarized the demographic characteristics of the 1106
participants included in the analysis. Almost half of the
participants (542/1106, 49.01%) were between 18 and 24 years
old and the mean age was 25.2 years. The highest proportion
(800/1106, 72.33%) of participants were white, and most had
received some level of education past secondary school
(1025/1106, 92.68%). The highest proportion of respondents
lived in the south (392/1106, 35.44%) but there were at least
200 respondents from all 4 US census regions. The majority of
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participants identified as homosexual (965/1106, 87.25%) and
reported having had anal sex with a male partner in the past
month (964/1106 87.16%). In the previous 12 months, 599
(54.16%) participants reported having both insertive and
receptive anal sex with a male partner, 202 (18.26%) reported

having only insertive sex, and 163 (14.74%) reported having
only receptive sex. There were 138 (12.48%) participants who
did not have anal sex in the previous 12 months. The majority
of participants (824, 74.50%) had previously heard of people
using PrEP to reduce the risk of getting HIV.

Table 2. Demographic and sexual behavior characteristics of 1106 men who have sex with men, aged 18–34 years, participating in an online survey
about preexposure prophylaxis (PrEP) for HIV infection, United States, April 2015–July 2015.

(%)nCharacteristics

Age (years) a

(49.01)54218–24

(30.20)33425–29

(20.80)23030–34

Race/ethnicity

(72.33)800White, non-Hispanic

(4.61)51Black, non-Hispanic

(16.37)181Hispanic

(6.69)74Other

US census region

(19.62)217Midwest

(22.69)251Northeast

(35.44)392South

(20.52)227West

(1.72)19Unknown

Highest level of education

(7.23)80High school or less

(27.67)306Some college, associate degree, or technical degree

(34.72)384Bachelor degree

(30.29)335Any graduate or professional school

(0.09)1Unknown

Sexual identity

(87.25)965Homosexual

(9.58)106Bisexual

(3.16)35Otherb

Type of anal sex with male partner(s) in past 12 months

(18.26)202Insertive only

(14.74)163Receptive only

(54.16)599Both insertive and receptive

(12.48)138No anal sex

(74.50)824Previously heard of PrEP

aMean 25.2 years, median 25 years, range 18–34 years.
bThere were 5 participants who indicated heterosexual, 15 indicated unsure, 14 indicated other, and 1 who did not indicate sexual identity.

Figure 1 displays the stated likelihood of using each PrEP
modality to reduce the risk of contracting HIV. Overall, over
half of participants stated they would be somewhat likely or
very likely to use on-demand pills (685/1105, 61.99%), penile

gel (438/755, 58.01% before intercourse and 408/751, 54.33%
after intercourse), a periodic injection (575/1091, 52.70%), or
a daily oral pill (528/1036, 50.97%). The majority (437/792,
55.18%) of respondents indicated they would be very unlikely
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or somewhat unlikely to use a rectal suppository before
intercourse.

When the responses were analyzed on a 5-point scale, the mean
responses ranged from 2.58 (rectal suppository before
intercourse, median 2) to 3.63 (on-demand pills, median 4;

Table 3). Compared to the currently available daily pills (median
4), respondents reported a higher likelihood of using on-demand
pills (median 4, P<.001) or a penile gel before intercourse
(median 4, P=.001). However, participants reported a
significantly lower likelihood of using each of the rectal
modalities (all P<.001) compared with a daily oral pill.

Figure 1. Stated likelihood of using different preexposure prophylaxis modalities among 1106 men who have sex with men, aged 18-34 years,
participating in an online survey, United States, April–July 2015.

Table 3. Stated likelihood of using different preexposure prophylaxis modalities for HIV infection among 1106 men who have sex with men, aged
18–34 years, participating in an online survey, United States, April–July 2015.

P-valuecModeMedian (IQRb)Mean (SD)nIndividual Likert-scale items for each modalitya

Reference44 (2)3.31 (1.4)1036Daily oral pill

<.00154 (2)3.63 (1.4)1105On-demand pillsd

.0254 (3)3.27 (1.5)1091Injectione

.00154 (3)3.45 (1.4)755Penile gel before intercourse

.2854 (3)3.31 (1.5)751Penile gel after intercourse

<.00143 (2)3.06 (1.5)791Rectal gel before intercourse

<.00113 (2)3.00 (1.5)794Rectal gel after intercourse

<.00112 (3)2.58 (1.4)792Rectal suppository before intercourse

<.00113 (3)2.90 (1.5)791Rectal suppository after intercourse

aThe 5-point Likert-scale items where 1=very unlikely, 2=somewhat unlikely, 3=neither likely or unlikely, 4=somewhat likely, 5=very likely.
bIQR: interquartile range.
cP-values calculated using Wilcoxon signed rank tests with alpha=.05.
dConsisting of 2 pills 24 hours before sex and 2 separate 1-pill doses after.
eEvery 1–3 months.

J Med Internet Res 2016 | vol. 18 | iss. 5 |e111 | p.278http://www.jmir.org/2016/5/e111/
(page number not for citation purposes)

Hall et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


On 10-point Likert scales created by combining modalities by
topical application methods, the reported likelihood of using a
penile gel (median 7) was higher than that of using a rectal gel
(median 6, P<.001; Table 4). However, the likelihood of using
a rectal gel was higher than that of using a rectal suppository
(median 6, P<.001). There was no statistically significant
difference in the reported likelihood of using a topical PrEP
modality (gel or suppository) before or after intercourse.

When individual Likert-scale item responses were dichotomized,
stated likelihood of using daily oral pills differed by
race/ethnicity, age category, and highest level of education
(Multimedia Appendix 1). Compared with white participants,
black participants had higher odds of reporting a favorable

likelihood of using the following modalities: daily oral pills
(OR 3.10, 95% CI 1.35–7.13), penis gel before intercourse (OR
6.59, 95% CI 1.54–28.24), penis gel after intercourse (OR 2.82,
95% CI 1.05–7.59), rectal gel before intercourse (OR 4.28, 95%
CI 1.73–10.61), rectal gel after intercourse (OR 2.52, 95% CI
1.14–5.58) and a suppository before intercourse (OR 2.69, 95%
CI 1.26–5.77).

Figure 2 shows the modified Borda count rankings, stratified
by type of anal sex in the past 12 months. On-demand pills were
the top-ranked modality for each sexual behavior group. In
general, modalities administered orally were ranked highest and
modalities administered rectally were ranked lowest.

Table 4. Stated likelihood of using different preexposure prophylaxis topical modalities, by method and time of application, among 1106 men who
have sex with men, aged 18–34 years, participating in an online survey, United States, April–July 2015.

P-valuecModeMedian (IQRb)Mean (SD)nCombined Likert scalesa

Application method d

<.001107 (4)6.76 (2.7)750Penile gel, anytime

Reference26 (4)6.06 (2.9)790Rectal gel, anytime

<.00126 (6)5.48 (2.8)790Rectal suppository, anytime

Time of application e

Reference39 (6)8.87 (3.8)585Before intercourse

.1439 (6)9.02 (4.0)584After intercourse

aCreated from original 5-point Likert-scale items where 1=very unlikely, 2=somewhat unlikely, 3=neither likely or unlikely, 4=somewhat likely, 5=very
likely.
bIQR: interquartile range.
cP-values calculated using Wilcoxon signed rank tests with alpha=.05.
dBased on a 10-point scale created by adding the two 5-point Likert-scale items for each application method.
eBased on a 15-point scale created by adding the three 5-point Likert-scale items for each time of application.

Figure 2. Modified Borda count ranking of different preexposure prophylaxis modalities, stratified by type of anal sex with a male partner in the past
year, among 1106 men who have sex with men, aged 18–34 years, participating in an online survey, United States, April-July 2015. Respondents were
presented with a different number of modalities to rank, depending on the type of anal sex they reported in the past 12 months.
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Discussion

Our findings indicate that 51% of MSM would be likely to take
PrEP as a daily oral pill, which is consistent with the range seen
in previous studies in which between 46.1% and 78.5% of MSM
said they would be willing to use daily oral PrEP [19,30-33].
The varying range of acceptability is likely a result of some
studies stipulating specific scenarios in which PrEP is either
offered free of charge, does not cause side effects, or is 80%
effective against preventing HIV infection. Some of this
variation in acceptability could be related to when the survey
was conducted in relation to the public release of the iPrEx
results [4]. While our analysis did not investigate reasons against
taking PrEP, previous research has indicated that concerns about
health (both long-term consequences and immediate side
effects), unknown efficacy, possibility of developing drug
resistance, cost, and risk perception can all be barriers to use
[13,19,20].

These results provide comparative insights on how likely MSM
in our sample were to use a variety of hypothetical PrEP
modalities. Overall, attitudes toward using PrEP to reduce the
risk of contracting HIV were generally neutral or favorable,
with a reported likelihood of use ranging from 32% (rectal
suppository before intercourse) to 62% (on-demand pills).
However, there are some noticeable differences in the
likelihoods of using each modality.

The preference for intermittent oral PrEP is evident across this
analysis. The highest proportion of participants indicated they
would use on-demand pills, which was also the top consensus
rank for each of the 4 modified Borda count groups. This
preference is particularly of interest when viewed with the
growing evidence base demonstrating the efficacy of intermittent
(ie, less than daily) oral PrEP [24]. Community surveys have
shown that the majority of condomless anal intercourse events
appear to be anticipated in advance or infrequent enough to
make event-driven or time-driven PrEP regimens feasible
[34-36]. Furthermore, Parsons et al recently found that MSM
overestimate the likelihood of having sex and are much better
at predicting when they would not have sex [37]. This has
implications on counseling related to intermittent PrEP use.
Parsons et al concluded that counseling messages should
encourage individuals to skip a daily dose only when they are
sure there is no chance they will have sex the following day.
Several forms of slow-acting injectable PrEP are being studied
[26], and our study indicates they may have similar acceptability
to daily oral pills. For most of the modalities (daily oral pills,
both penis gels, both rectal gels, and suppository before
intercourse), our study indicated that black participants were
more likely than white participants to use them.

It is important to note that attitudes toward topical PrEP
modalities differ by administration site. Although gels applied
to the penis were generally viewed as acceptable, the 4 rectal
modalities were the only Likert-scale items in which more than
half of participants reported that they were unlikely to use them.
While the combined Likert scales indicated that rectal gels are
seen more favorably than rectal suppositories, both were less
likely to be used than penile gels. Most research conducted on

PrEP in a gel form has focused on vaginal gels for women in
Africa [8,22], but there is an ongoing phase 2 trial on rectal gel
microbicides in MSM (MTN-017) [38]. Phase 1 research
indicated that 75% to 100% of recipients found the experimental
gels to be acceptable [39].

Limitations
Several limitations need to be considered when interpreting
these results. First, because Likert-scale items are not interval
in nature, only the direction of preference can be determined.
The magnitude of preference cannot be adequately determined
or compared (ie, we cannot say “how much more likely”
somebody is to use a single modality over another). Second,
we asked participants to state their likelihood of using different
modalities without any specifications of cost, efficacy, or
possible side effects. As this information (specific to each
modality) becomes available, we would expect the reported
likelihood of use to change. Furthermore, we asked participants
about different modalities of administration based on the type
of sex they reported having in the past year. As a result, the
attitudes toward any of the modalities administered rectally
represent only those of the participants who recently received
anal sex (and vice versa for penile application and insertive anal
sex). There is potential for selection bias in the analysis dataset.
We excluded 318 respondents from the analysis because they
did not respond to any of the PrEP modality Likert-scale items.
Those excluded respondents were more likely to be African
American (8.2% vs 4.6%, P=.009) and more likely to report
not having anal sex with a male in the past year (27.8% vs
12.5%, P≤.001), compared with our sample of 1106 participants.
Third, our recruitment methods targeted social media users and
our sample may not be representative of the general community
of MSM.

Since there is not a reference population that can be used as a
comparison to assess representativeness, there have not been
any other studies that characterized sampling biases using online
convenience samples. However, this approach is one of the most
common in the field, is consistent with the body of published
literature, and allows researchers to quickly collect behavior
information on a large number of MSM [40]. Our advertisements
targeted young-adult MSM in the United States, which limits
the ability to generalize these results to other age groups,
regions, or populations affected by the HIV epidemic.
Likelihood and acceptability of use is likely to vary depending
on perceived risk and cultural acceptability.

Conclusion
Previous research has shown that PrEP has the potential to
reduce risk of HIV transmission, but adherence is essential to
ensure efficacy. In order to overcome the many barriers to PrEP
uptake, we need to develop modalities that are feasible and
likely to be used. Among this specific population of MSM in
the United States, intermittent systemic approaches seem to be
preferred. For topical methods, those that involve application
on the penis are preferred over rectal application, and gels are
preferred over suppositories. However, further analysis is needed
to determine why people would not use particular modalities.
Other studies similar to this one need to be carried out for other
groups that will be targeted for the newer PrEP modalities.
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While there may not be a single PrEP modality that is used by
everybody, our study and future ones like it can help determine

which technology is most likely to be adopted by specific
communities.
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Abstract

Background: Many Web-based health care platforms allow patients to evaluate physicians by posting open-end textual reviews
based on their experiences. These reviews are helpful resources for other patients to choose high-quality doctors, especially in
countries like China where no doctor referral systems exist. Analyzing such a large amount of user-generated content to understand
the voice of health consumers has attracted much attention from health care providers and health care researchers.

Objective: The aim of this paper is to automatically extract hidden topics from Web-based physician reviews using text-mining
techniques to examine what Chinese patients have said about their doctors and whether these topics differ across various specialties.
This knowledge will help health care consumers, providers, and researchers better understand this information.

Methods: We conducted two-fold analyses on the data collected from the “Good Doctor Online” platform, the largest online
health community in China. First, we explored all reviews from 2006-2014 using descriptive statistics. Second, we applied the
well-known topic extraction algorithm Latent Dirichlet Allocation to more than 500,000 textual reviews from over 75,000 Chinese
doctors across four major specialty areas to understand what Chinese health consumers said online about their doctor visits.

Results: On the “Good Doctor Online” platform, 112,873 out of 314,624 doctors had been reviewed at least once by April 11,
2014. Among the 772,979 textual reviews, we chose to focus on four major specialty areas that received the most reviews: Internal
Medicine, Surgery, Obstetrics/Gynecology and Pediatrics, and Chinese Traditional Medicine. Among the doctors who received
reviews from those four medical specialties, two-thirds of them received more than two reviews and in a few extreme cases, some
doctors received more than 500 reviews. Across the four major areas, the most popular topics reviewers found were the experience
of finding doctors, doctors’ technical skills and bedside manner, general appreciation from patients, and description of various
symptoms.

Conclusions: To the best of our knowledge, our work is the first study using an automated text-mining approach to analyze a
large amount of unstructured textual data of Web-based physician reviews in China. Based on our analysis, we found that Chinese
reviewers mainly concentrate on a few popular topics. This is consistent with the goal of Chinese online health platforms and
demonstrates the health care focus in China’s health care system. Our text-mining approach reveals a new research area on how
to use big data to help health care providers, health care administrators, and policy makers hear patient voices, target patient
concerns, and improve the quality of care in this age of patient-centered care. Also, on the health care consumer side, our text
mining technique helps patients make more informed decisions about which specialists to see without reading thousands of
reviews, which is simply not feasible. In addition, our comparison analysis of Web-based physician reviews in China and the
United States also indicates some cultural differences.

(J Med Internet Res 2016;18(5):e108)   doi:10.2196/jmir.4430
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Introduction

Finding information about health care or health care providers
through Web-based platforms has been increasing in recent
years. According to the 2013 Health Online Report by the Pew
Research Center, about 58% of American adults have used the
Internet to seek health-related information at least once in the
past year. Nearly half (47%) of adults in the United States have
searched for their health providers online, 37% have consulted
physician-rating sites, and 7% of people who sought information
about their health care providers posted one review online [1].
A new study in the United States also found that 59% of survey
respondents said that online doctor ratings are “somewhat
important” for them, while 19% said they are “very important”
when they search for physicians [2]. Similarly, in the
Netherlands, about a third of the Dutch population searches for
ratings of health care providers [3]. A study of seven European
countries showed that, among the people who use the Internet
for health-related purposes, more than 40% considered the
information provided by these eHealth services to be important
when choosing a new doctor [4]. Besides survey studies on the
proportion of the population that has used online ratings of
health care providers, researchers have studied how people look
at or evaluate those online reviews. Research has shown that
review style and number of reviews also has an impact on how
patients evaluate those online reviews and on patient attitude
toward doctors who received reviews online [5].

Health care researchers have examined the phenomena of online
doctor ratings quantitatively. One study showed that about 17%
of American physicians have been rated on the Internet. Among
them, obstetrician/gynecologists were twice as likely to be rated
than other specialists [6]. In Germany, 37% of all German
physicians were rated on the jameda website in 2012, and most
of the rated medical specialties were orthopedists,
dermatologists, and gynecologists [7]. In the United Kingdom,
61% of family practice physicians on the National Health
Service Choices website were rated, and 69% of ratings showed
that patients would recommend their family doctors. Doctors
who practice in a larger facility, with a lower proportion of older
patients, lower deprivation, higher population density, and who
are not in a solo practice are more likely to be rated. Doctors
who serve in smaller size facilities but not in a solo practice,
with a higher proportion of white patients, lower population
density, and patients who are less deprived are more likely to
have a higher level of recommendation [8]. In China, about 37%
doctors who registered on the “Good Doctor” platform have
been reviewed [9]. However, some medical practitioners or
health care researchers argue that online reviews might be
skewed because the outspoken angry patients are more likely
to rate their doctors online. An empirical study showed that
physicians who received lower ratings in surveys are less likely
to be rated online, but online doctor ratings are positively
correlated with patient opinions from surveys and tend to
exaggerate at the higher end of the rating spectrum [10]. In
China, the majority of quantitative reviews (star ratings) were

positive—88% were positive for the doctors’ treatment effect
measure and 91% were positive for the bedside manner measure
[9]. In the United States, most online reviews were quite
positive, with an average score 3.93 on a scale of 1-5 [6]. In
Germany, two thirds of all ratings are in the best category (very
good) [7]. In the United Kingdom, the majority (64%) of the
online ratings on their National Health Service Choices website
are positive [8].

Besides the quantitative ratings associating with reviews, there
are also a large number of online textual reviews about health
care providers. They can help both health care providers and
researchers understand more about patient opinions about care.
Unlike the quantitative scores, textual reviews give patients
subjective flexibility and freedom to express opinions on their
own experiences and concerns. Analysis of online reviews has
already been studied in many other domains. For example,
mining product reviews has been quite common and successful
in the marketing research or management science area, such as
using consumer-generated product reviews to analyze people’s
online product choices behavior [11], or market structure [12].
However, only a few studies have focused on using text-mining
techniques to examine and analyze such largely available textual
reviews. One previous US study incorporated latent sentiment
analysis into regression analysis and improved state-level health
outcome measures [13]. Another study in the United Kingdom
applied machine-learning techniques to reviews about hospital
service and showed that reviews can be used to predict patient
opinions about hospital performance [14]. Based on the authors’
knowledge, only one study has employed an automatic
text-mining method to capture hidden topics that health care
consumers discussed about their health care providers. In
particular, they analyzed online doctor reviews in four specialties
in New York City: Family/General Practitioner, Dentist,
Obstetrics/Gynecology, and Psychiatrist [15]. However, those
studies were restricted by the limited number of available
reviews.

In this paper, we intend to apply a well-known text-mining
method, Latent Dirichlet Allocation (LDA), to examine what
Chinese patients said about doctors or health care services by
analyzing a large empirical dataset collected from the largest
online health community in China, the Good Doctor platform.
To the best of our knowledge, there is no empirical study about
what Chinese health consumers say about their health care
providers online in spite of the fact that China has over half a
billion Internet users—the largest population of Internet users
in the world [16]—and is already known to have more than one
million online reviews of Chinese doctors [17]. This study
explores the following research questions: What do Chinese
patients say about their doctors online? Do those topics vary
across specialty areas? What can health care providers, health
care administrators, or policy makers learn from those million
reviews? This is particularly important since China’s health
system has been under reform. In addition, are there any
differences in reviews of patient care between China and United
States?
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Status of Online Doctor Reviews in China
Several online doctor-rating platforms have been created and
widely used in China in the past decade. Chinese Medicine
Review [18], created in December 2013, focuses on reviewing
Chinese traditional medicine doctors. Schedule Web
Appointment [19], established in 2010, focuses on online
appointment scheduling with doctors across China and is also
a platform for reviewing doctors. Among these sites, the “Good
Doctor Online” [20] (called “Hao Dai Fu” in Chinese; “Hao”
means “good” and “Dai Fu” means “doctor” in Chinese) is the
first online doctor review platform in China, initiated in 2006.
The Good Doctor is not only the earliest online platform to
allow patients to rate and comment on their doctors in many
specialty areas, but also the largest one, with more than 300,000
doctors reviewed and one million online reviews [17]. In
addition, it provides comprehensive online health-related
services such as online appointment scheduling, teleconsultation,
patient-doctor forums, and patient clubs for specific doctors.

The Good Doctor was founded with the purpose of helping
Chinese health care consumers find “good” doctors for their
health-related problems. This is particularly important given
that China’s health care system has changed substantially, and
China has not built any effective referral system since the 1980s.
Most people in China have no primary care providers, and
Chinese patients usually self-refer to any providers they can
afford or they believe to be good [21]. Before the Internet,
Chinese consumers either tried their luck to select a doctor
randomly or depended on word-of-mouth recommendations.
However, many people do not have friends with the same health
problems and do not know which doctors or specialist they
should see for their health needs. As a result, Chinese consumers
face many difficulties while choosing a “good” doctor. In
addition, China is short of doctors, as many countries are. The
number of physicians per 1000 residents is 1.8 in 2011 for
China, 2.5 in the United States, and 2.8 in the United Kingdom
[22]. Therefore, in China, it is extremely difficult to get a
walk-in visit with a doctor and even harder to see a good
specialist in a popular hospital. Many patients or their family
members need to go to the hospital very early in the morning
to line up because online scheduling or phone appointments are
not widely used in China.

The Good Doctor Platform
Since being founded in 2006, the Good Doctor platform has
been collecting information about Chinese doctors: demographic
information, specialty areas, and technical titles, as well as the
associated hospital affiliations, such as name, address, and rank
level of the hospital. Technical titles are assigned through an
evaluation process under a nationally unified ranking system.
It has four levels—from junior to senior—from Resident
Physician, Attending Physician, Associate Physician, to Chief

Physician. On average, every 5 years a doctor can move one
level up in this system. Thus, a title primarily indicates a
doctor’s work experience and technical skills, which also
determines the consultation fee for patients. China’s hospital
grades are evaluated and determined by a government
agency—the National Health Department at the provincial
level—and the evaluation standards are based on the hospital
facilities, number of beds, technical equipment, quality of care,
the doctors’ skills, etc [23].

Once a doctor’s information is posted on the Good Doctor
website, patients can anonymously review the doctors online
based on their experiences with those doctors. There are three
dimensions on which people can evaluate their doctors on this
site: two quantitative measures and one qualitative measure.
The two quantitative measures are evaluations of a doctor’s
treatment outcomes and bedside manners on a 5-level scale,
from “Unsatisfied” to “Very Satisfied.” The qualitative
open-ended textual review can be any description or experience
associated with the doctor. In order to control for abusive,
inappropriate, or fake reviews, those who leave evaluations
online are required to provide phone numbers, seen only by the
website administrators, so that the site can confirm the veracity
of any questionable reviews.

Methods

Data
We collected 773,279 public reviews from 112,873 doctors on
the platform as of April 11, 2014. In total, there were 314,624
doctors from over 3000 hospitals across China on the site. Thus,
about 36% of doctors has been rated or commented on by
Chinese patients, which has similar rate to that of German
doctors’ online reviews, 37% [7], but higher than that in the
United States, where only 17% of doctors have been rated [6].

After data cleaning, such as removing reviews with inaccurate
or incomplete information, we had 731,543 reviews with
quantitative ratings, 772,979 reviews with qualitative texts, and
731,264 reviews with both quantitative and qualitative measures.
The Good Doctor website includes 9 different major medical
specialty areas plus one, called “others,” referring to all other
less common special areas (see Table 1). We chose the top four
specialty areas for analysis in this study: Internal Medicine,
Obstetrics (OB)/Gynecology (GYN), Pediatrics, and Chinese
Medicine, which received about 23%, 13%, 17%, and 12% of
all reviews, respectively. They also have a large number of
doctors, with approximately 21%, 19%, 14%, and 11% of
doctors, respectively. Table 1 shows that the number of reviews
on average that each doctor receives in the specialties of
Orthopedics, Oncology, Psychiatry, and Oral Medicine are
larger than that in Internal Medicine. But the number of doctors
in these areas is much smaller than that in Internal Medicine.
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Table 1. Number of reviews and doctors by specialty areas.

Reviews per doctor, nDoctors, %Doctors, nReviews, %Reviews, nSpecialty areas

5.61.1213230.957372Oncology

7.510.2112,07311.6690,127Chinese Medicine

7.814.0116,57516.66128,762OB/GYN and Pediatrics

6.60.414860.413205Infectious Diseases

4.619.0022,47313.25102,441Internal Medicine

7.80.424980.503865Orthopedic

6.630.6736,28131.06240,099Others

6.10.8910560.836429Psychiatry

6.12.2626792.1116,346Oral Medicine

7.021.0024,84622.55174,302Surgeon

6.5100118,290100772,948Total

Topic Modeling
Topic modeling is a sophisticated text-mining technique
appropriate for our research task, which is understanding the
voice of online Chinese health care consumers by identifying
topics on the Good Doctor platform. Topic modeling is a
statistical method to uncover abstract topics from a collection
of documents [24]. For example, if a document includes flu as
a topic, this document is likely to contain related words such
as “cold,” “fever,” “cough,” “sneezing”, etc. If a document is
about a topic of surgery, then “pain,” “operation,” “surgeon,”
“incision,” etc, would co-appear often with high probabilities.
Note that the name of the topic is abstracted and summarized
by researchers (such as the topics “flu” or “surgery”) based on
the most frequently appearing keywords because computer
algorithms can find only the pattern of which keywords cluster
statistically but cannot summarize what topic those keywords
represent. Also, a document usually has a mixture of different
topics. Topic modeling can capture those topics in a statistical
way by using different algorithms. We used LDA to analyze
Chinese consumers’ reviews about their health care providers.
LDA has been widely used in various domains, including
Web-mining [25], video analysis [26, 27], spam filtering [28],
and natural language processing [15, 24, 29, 30]. It is a
generative probabilistic model and was first presented for topic
discovery by [31], as shown in Figure 1.

β is the parameter of the Dirichlet prior on the per-topic word
distribution. α is the parameter of the Dirichlet prior on the

per-document topic distributions. θ(d)is the topic distribution
for document d(eg, a review), and zis the topic assignment for

word win a document. ϕ(z)is the word distribution for topic z.
wis the word, while Dis the number of documents. Ndis the
number of words in a document d, and Tis the number of topics.
The LDA model assumes the following generative process for
a document d=( w1, . . . wnd,) containing Ndwords from a

vocabulary consisting of Vdifferent terms, wiis the ithword for
all i=1, . . . , Nd. It consists of the following three steps:

1. The proportions ϕof the word distribution for the topic zis

determined by ϕ(z)~ Dirichlet( β).

2. The proportions θof the topic distribution for the document

dare determined by θ(d)~ Dirichlet( α).
3. For each of the Ndwords: (a) Choose a topic z~ multinomial(

θ(d)), and (b) Choose a word wifrom a multinomial
probability distribution conditioned on the topic z: P( wi| z,

ϕ(z))

The number of topics in LDA has to be fixed a priori. In this
paper, we split the dataset into two parts: 90% training dataset
and 10% testing dataset. The optimal number of topics is
determined by the perplexity of the trained model on testing
dataset. The key inferential problem that we need to solve in
order to use LDA is that of computing a posterior distribution
of the hidden variables given in a document: P(θ, ϕ, z | w, α,
β) = P(θ, ϕ, z, w | α, β)/ P(w | α, β).Unfortunately, this
distribution is difficult to compute [32]. Although the posterior
distribution may not be possible for an exact inference, a wide
variety of approximate inference algorithms can be considered
for LDA, including varying approximation, Gibbs sampling,
and expectation propagation.

The Chinese language is very different from the English
language: there are about 3000 basic and commonly used
Chinese characters. One single Chinese character usually cannot
convey a complete and accurate meaning. At least two or three
Chinese characters combined are needed. Therefore, in this
study, we need to do some preprocessing before directly
applying LDA. We first employ a Chinese character
segmentation algorithm implemented by LingPipe [33] to extract
meaningful tokens, including removing non-ASCII characters,
non-Chinese characters, etc. The extracted tokens may have
various lengths from one to a possibly very large number. Each
token is considered an atomic entity, meaning that all characters
in each token will not be separated for further processing. Then
we remove nonsense words, such as stop words in Chinese (eg,
of, I, we), and many highly frequent words (eg, doctor,
physician, hospital). Finally, we filter out tokens with only one
single Chinese character (not meaningful) or those with more
than four Chinese characters (likely containing more than one
meaning). After this data cleansing, we conduct the following
two analyses for each specialty: (1) count the frequency for each
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unique token, and (2) run the LDA algorithm on reviews for all
doctors in each of the four areas to find the top 10 topics, each

of which is represented using 10 words with the highest
probability within that topic.

Figure 1. LDA model for topic discovery.

Results

Descriptive Statistics
Figure 2 shows the distribution of the percentage of doctors
over the number of reviews a doctor received for all four
specialty areas. We found that about 36-45% of doctors received
one review, 36-39% of doctors received 2- 5 reviews, 8-12%
received 6-10 reviews, and 16-27% of doctors received 6 or
more reviews. In extreme cases, several doctors received more
than 500 reviews. From Figure 2, we also find that the
distribution patterns are similar for all four specialty areas.

Figure 3 shows the distribution of the review volume from
2007-2013. We did not include reviews for 2006 and 2014
because data are incomplete for the entire calendar year. Figure
3 shows that the number of reviews has been relatively
increasing. The trend of the number of reviews per doctor is
similar for all four specialty areas over the years as shown in
Figure 4.

Table 2 shows the descriptive statistics of review length. If we
use regular stoppers to split reviews, such as periods,

exclamation marks, or question marks, each review has 3-4
sentences on average for all four specialty areas. Compared to
American patients’ average description length, which is about
4 sentences [15], Chinese patients’ reviews seem to be slightly
shorter. But, the sentence structure of Chinese is different from
English. For example, one Chinese sentence can run very long
involving one or more topics separated by commas, which is
rare in English. Therefore, to accurately understand the review
length, we examine the number of Chinese characters instead.
The average number of Chinese characters a review contains is
between 85 and 102, which is equivalent to about 40 English
words. Based on the authors’ published translated books, the
translation rate between Chinese and English is usually 2 to 1,
that is, a sentence of 20 Chinese characters can be translated
into a sentence of 10 English words. Or if you randomly select
a Chinese sentence and put it into Google translation, the
translation rate is similar. Table 2 shows that the median length
of a review is about 60-70 characters. This indicates more than
50% of the reviews are longer than 30 English words. For some
extreme cases, it can be up to over 1700 words for Internal
Medicine, OB/GYN, and Pediatrics.

Table 2. The descriptive statistics of review length.

By number of Chinese charactersBy number of regular stoppers

Maximum length of
reviews

Median length of
reviews

Average length of
reviews

Maximum length of
reviews

Median length of
reviews

Average length of
reviews

176661859633.3Internal medicine

103066958133.5Surgery

17307210111233.6OB/GYN and pe-
diatrics

1188741027733.7Chinese medicine
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Figure 2. Distribution of the number of reviews a doctor received.

Figure 3. Total number of reviews by specialty over time.

Figure 4. Number of reviews per doctor by specialty over time.

J Med Internet Res 2016 | vol. 18 | iss. 5 |e108 | p.289http://www.jmir.org/2016/5/e108/
(page number not for citation purposes)

Hao & ZhangJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Topic Modeling Result
Based on the LDA algorithm, we identified the top 10 popular
topics for each of the four selected specialty areas. Due to space
limitations, we present the top 5 popular topics and translate
them into English. There are several overlapping or similar
topics across specialty areas. The title of each topic is
summarized by authors based on the set of keywords returned

by the LDA algorithm. For each topic, we show only 10 key
words having higher probabilities under that topic. In Tables
3-6, we present the topic summary, the corresponding English
translation of the top 10 keywords, and one example review for
each topic for the selected four specialty areas, respectively.
Based on the assumption of LDA model, each review is a
mixture of topics with different probabilities. We select one
example review under a topic with the maximum probability.

Table 3. Internal medicine.

ExamplesTopic

Topic 1: Treatment effects

Now, effect, always , already, better, after, significantly, one time, one year, many yearsKeywords

I took my mother to see a doctor, and she (mom) had this problem for over 10 years but we never found what caused this problem.
Fortunately, we met a student who knew him (doctor) and we visited him for his reputation, diagnosed the problem, and got
very good results after.

Example

Topic 2: Technical skills

Medical skill, professional integrity, manner, noble, excellent, super, technique, great, service, experienceKeywords

Dr. Liu Shengyun is a good doctor, his consultation process was very thorough, and he has very nice manner, excellent technical
skills, and great professional integrity.

Example

Topic 3: Story of registration

Time, out-patient, expert, online, because, saw, consulting, today, registration, visitKeywords

I registered for my sister. It was extreme difficult. I almost died in the crowd because too many people were in the registration
window. Luckily I got a registration ticket. My sister doesn’t live in this city. If she comes to register by herself, I guess that she
will never get the registration ticket. The medication works well. But she has a swollen face after the medication. At the beginning
the doctor said that we should do a follow-up visit in 2 months, so tomorrow morning I will come to fight with the crowd again.

Example

Topic 4: Bedside manner

Patience, manner, serious, responsible, careful, problem, cautious, particularly, every time, warmKeywords

Dr. Liu not only has super great technical skills but is very warm and patient with his patients, as if treating his own friends! He
is the best doctor that I ever met.

Example

Topic 5: Story of finding doctors

One, this year, found, introduce, child, Beijing, later, Xiehe hospital, last year, startKeywords

My friend introduced this doctor (to me) and said that this doctor is good for rheumatism. He diagnosed me after reviewing (my)
medical record materials and said that only medication may not be ideal, then introduced an intervention doctor, but there were
too many patients there, I didn’t have time to ask more questions. Hope next time I will have time to ask.

Example
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Table 4. Surgery.

ExamplesTopic

Topic 1: Bedside manner

Patient, symptom, serious, manner, problem, situation, cautious, very careful, responsible, carefulKeywords

Chief Physician Li is very kind, very careful and responsible, and he treats his patients like his own family, very patient, cautious,
and he is always very kind, examining carefully, answering questions seriously, and my surgery was very successful. Chief
Physician Li is a highly skilled doctor and high professional integrity doctor.

Example

Topic 2: Appreciate the surgery results

Surgery, success, father, mother, removal, check in hospital, surgicalKeywords

My father had surgery three days ago, before and after the surgery, Chief Physician Jiao Wenjie with his team gave patients the
most comfortable and careful care. As the whole family of the patient, we saw all of that care and wanted to say thanks from the
bottom of our heart!

Example

Topic 3: General appreciation

Appreciate, thanks, hello, mom, whole family, hello, hope, health, child, hereKeywords

Your amazing hands are a miracle, your kind smiling is as warm as Spring, you are the good luck star for patients, really appre-
ciate you, Dr. Liao Jianna. Best wishes: Good people have a good life.

Example

Topic 4: Description of symptoms

Because, self, know, feel, when, but, always, this, what, manyKeywords

I had a bad heart and visited Dr. Li and did some exams, then I knew that I had some problems with aorta valve and atrial fibril-
lation, then I stayed at hospital, took medication for my heart, until I reached certain conditions, I had surgery.

Example

Topic 5: Story of finding doctor

Time, outpatient, online, found, introduce, expert, saw, friend, shanghai, throughKeywords

I have visited all the outpatients that have departments of cerebral surgery in Qingdao, but later a friend introduced Chief
Physician Jiao to me, after Chief Physician Jiao’s patient explanation, which helped us laypersons understand the symptoms and
the best treatment. Because our budget is tight, Chief Physician Jiao designed a particular operation plan for me to ensure the
best surgery outcomes and least cost. This touched us deeply. Chief Physician Jiao is a reliable and respectful good doctor.

Example
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Table 5. Gynecology/OB and pediatrics.

ExamplesTopic

Topic 1: General appreciation

Appreciate, thanks, hello, hope, healthy, health, this, whole family, mom, smoothKeywords

I really appreciate Chief Physician Wang, who cured my child’s decreasing white cells. Nice manner, right medication, cost
less. Really appreciate. Wish good health to Chief Physician Wang.

Example

Topic 2: Story of registration

Time, online, expert, because, outpatient, saw, today, visit, therefore, registrationKeywords

It is very difficult to get through registration, and only one day out of a week which has 10 registration tickets, and (I) need to
line up at 5 o’clock for the registration, and finally get the 18th ticket. One day only has 20 tickets. The doctor is very patient
and examines very me carefully, and on average (he can) talk 15 minutes with one patient. Also, the medication is not expensive.
It is said that he is an expert of this field, and (I) hope a good doctor like this can have more outpatient time. (I) Trust his
technical skills.

Example

Topic 3: Story of treatment

Exam, result, know, what, when, this, what, one time, othersKeywords

My child suddenly got laryngotracheal bronchitis, stayed in a hospital for a week, and kept coughing. Every time my child
coughs, doctors would say we need to check for asthma. This time when I took my child to get (medical) exam, Dr. Bo was
very kind, and also said very definitely that this is not asthma, no need to do other exams, but only a little medicine needed
and (ask the child) take it before bed (the child is difficult with taking any medicine). Only two medicines, and each is a half
pill, my child was cooperative for taking (this) medicine (in the past, there were several medicines which my child hated), the
effect is good, and I really appreciate it! Excellent technical skill and great professional integrity!

Example

Topic 4: Story of finding doctor

Always, pregnant, one time, introduce, found, many, later, period, friend, becauseKeywords

Because a friend at Provincial Hospital’s introduced me, I visited Dr. Feng. I have an ovarian cyst on the left side and pelvis
fluid, so I cannot get pregnant. After one month of medication, the ultrasound shows that both problems are solved. Dr. Feng
is a doctor with a parent’s heart. But many times she was too busy to check patients. Later I had 3 months of Gestrinone Capsules.
Ultrasound shows both ovarian cyst and pelvis fluid disappeared. But the lower left side of my belly still has a little pain, and
when I touched the left side, I could feel something there, it is different from the right side, but the doctor was too busy and
only looked at the ultrasound result, did not check. Because of work, I moved to Shanghai, and now over half year, I felt
menstrual cramps last month and Shanghai People’s hospital examined and diagnosed it as ovarian cyst. Now after the whole
consultation and treatment time, I can say I am exhausted. Doctors at Shanghai said no medication for menstrual cramps. I
want to go back to Guangdong for Dr. Feng, her work attitude and technical skills are good, as everyone can see.

Example

Topic 5: Story of surgery

Surgery, uterus, in-patient, year and month, recover, success, fibroids, leave hospital, follow up, found outKeywords

Hello, I am one of your many patients, since I got Uterine fibroids, I have seen many doctors and they all said that I should
remove my uterus, I received the recommendation from an acquaintance. I come for the reputation, and Dr. Du of Zhejiang
People Hospital is excellent.

Example
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Table 6. Chinese medicine.

ExamplesTopic

Topic 1: Bedside manner

Patience, symptom, manner, serious, cautious, problem, careful, situation, query, every timeKeywords

This doctor is a very lovely doctor, my friend accompanied me to see him, once (my friend) saw that this doctor is on duty, and
(my friend) got a registration ticket immediately, and said he would be very patient to explain everything.

Example

Topic 2: Technical skills

Manner, technical skill, professional integrity, also, noble, excellent, this, responsible, super, greatKeywords

Dr. Ni is a good doctor for his true values. He has a very kind manner to his patients, very nice, very considerate to his patient,
excellent technical skills, rich experience! I have been to many hospitals, have seen many doctors, but a doctor like Dr. Ni with
such noble professional integrity is hard to find. You can just go and see him, once you see him, you will know what a good
doctor means!

Example

Topic 3: Description of symptoms

Many years, myself, serious, because, pain, symptom, mother, cannot, acupuncture, go throughKeywords

Appreciate Dr. Sun cured my mom’s arthritis of the shoulder which she had for many years. Also gave me a very targeted
treatment. Now, I come to see Dr. Sun again for treatment.

Example

Topic 4: Story of finding doctors

Chinese medicine, online, found, Chinese medicine hospital, year month, at that time, saw, this year, Beijing, found outKeywords

I work in Shanghai and always have stomach problems. Doctors in Shanghai said that is “Reflux Esophagitis” and I have had
both western medication and Chinese traditional medication from Level 3 A hospital in Shanghai for almost 5 years, but it didn’t
cure it and I had to keep taking medication, which really confused me. I found President Ji of Nantong Chinese Medicine Hos-
pital, so I went to Star Doctor Department at Nantong Chinese Medicine Hospital to see him. President Ji did Gastroscopy for
me and found it was “superficial gastritis”. Now I have used his western medication and Chinese medication for about 2 months,
I am much better. I am very happy now.

Example

Topic 5: Concern about child’s health

Child, cough, start, son, daughter, cold, baby, later, every time, kidKeywords

Hello, Dr. Hu! Today I will write a belated appreciation letter. Twenty years ago I took my son to see you for his respiratory
system asthma, at that time my son was only 2-3 years old, and he got colds frequently, there was a special sound when he
coughed, sometimes, and he would get coughing problems 2-3 times in a month. But after seeing you, (after) about 3-4 times
in total, (Chinese medicine and acupuncture). Then this problem never came back, sometimes (he) may get cold but no coughing
problem any more. Our entire family really appreciates that you cured my son’s problem. Thanks! I always remember your
name, if my colleagues or friends’ children have this problem, I will introduce you to them. You are a really high skilled doctor.

Example

Table 7. Topics comparison across specialty areas (X means reviews of doctors under a corresponding specialty area largely describe that topic).

Chinese MedicineOB-PediatricsSurgeryInternal medicine 

XTreatment effects

XXTechnical skills

XAppreciate the surgery result

XStory of treatment

XStory of surgery

XXXBedside manner

XXStory of registration

XXXXStory of finding doctors

XXGeneral appreciation

XXDescription of symptoms

XConcern about children’s health
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Discussion

Principal Findings
We found some common and distinct topics among the four
specialty areas. For example, in Table 7, we can see that the
most common topic across four specialty areas is the “story of
finding doctors,” which is not a surprise given the following.
First, the goal of the Good Doctor platform is to help Chinese
patients find good doctors or good specialists for their health
problems. Describing how to find good doctors in reviews on
this platform should be common. Second, we know that there
is no mature primary care systems or professional referral
systems in China. This may cause unexpected difficulty for a
Chinese patient to figure out which specialist they should see
for their medical concerns. Finally, due to the shortage of
doctors, 1.8 doctors per 1000 people in China (compared with
2.5 in the United States and 2.8 in the United Kingdom [22]),
obtaining a “ticket” for the registration system to see a doctor
is always challenging, which results in many complaints. Some
of the randomly selected examples in Tables 3-6 also show how
difficult it is to see a doctor or how busy a doctor is.

Our findings also show that some topics are quite common and
are included across specialty areas, for example, “technical
skills” and “bedside manner.” This is not only because they are
a focus of patient care, but also that the platform elicits such
kinds of reviews. The Good Doctor platform asks reviewers to
give rating scores based on these two dimensions before writing
text reviews. “General appreciation” and “description of
symptoms” are another two common topics across specialty
areas. All other topics in the table are found only within one
specific specialty. For example, “treatment effects” is seen more
in Internal Medicine. Reviews of doctors in Surgery focus on
“appreciate the surgery results.” “Concern about children’s
health” is reflected more by reviews in the specialty of Chinese
Medicine, and this may suggest that Chinese parents prefer to
take their children to see Chinese medicine specialists to avoid
the potential side effects from western medicine.

We also conducted a comparison between Chinese doctor
reviews and American doctor reviews. Topics extracted from
both are sometimes different but quite close for similar medical
specialties. For example, reviews under Family/General
Practitioner in the United States were related more to topics
like “manner” and “competence,” while Chinese patients paid
more attention to “bedside manner,” “technical skills,” and
“treatment effects.” For the specialty area of OB in the United
States (OB/GYN and Pediatrics in China), we found that
American patients talked more about “manner,” “anecdotal,”
“attention,” and “recommendation,” while Chinese patients
focused more on various topics, such as “stories on treatment,”
“surgery,” “finding doctors,” and “general appreciation.” We
also found that many reviewers in the United States
recommended doctors explicitly if they were satisfied with their
experiences. This may indicate that they consciously realize
that other patients may read their posts later. For Chinese
patients, they use many polite words to show their appreciation
to their doctors directly by addressing the doctor and some also
explicitly display their own names and phone numbers, which

may indicate that they wish their doctors to recognize them
through reviews to receive better treatment next time. Those
differences may result from cultural differences. In addition,
“attention” is commonly seen in the American doctor reviews.
But in this study, we did not specifically have such a topic. It
may be included in “bedside manner” and “general
appreciation.” Finally, American patients specifically discussed
“cost” under the specialty of dentist, and “schedule” for
psychiatrist [15]. We did not include these two specialty areas
because first, the current Good Doctor platform does not have
a separate category called dentist. It is included in the category
of oral medicine. Second, the total number of reviews on
psychiatrists is too small, with only about 6000 reviews across
1000 doctors.

Limitations
There are limitations in this study. First, LDA has been used to
extract hidden topics [34]. LDA is mainly based on the
frequency of co-occurrence of words under similar topics. It
might not able to identify some topics that are mentioned by
very few reviewers, for example, some emerging topics. Second,
our data were collected only from the Good Doctor platform,
which might lead to some limitations in data source setting and
our methodology. However, the Good Doctor is the largest
primary platform of Web-based doctor reviews in China. Also,
we want to note that when patients post their reviews on the
Good Doctor platform, they are asked to leave their phone
number to the webmaster in case any questionable comments
need to be verified. This strategy is to prevent any dishonest
comments or automatic robotic work. However, some patients
might be a little hesitant to make negative comments because
of this feature.

Conclusions
To summarize, Web-based physician review platforms are a
good channel for Chinese patients to express their opinions and
share their experiences. Topics extracted from those
user-generated reviews can provide more understanding of what
patients posted. It can also help health care policy makers and
health care providers monitor and adjust their policies or
resources to better serve their people and improve the quality
of health care.

Our study makes several contributions. First, to the best of our
knowledge, this is the first text-mining study to understand the
voice of Chinese health care consumers by analyzing a large
number of Web-based physician reviews. Data were collected
from the largest online health care platform in China. Second,
we discovered topics from over 500,000 online textual reviews
and compared them across specialty areas. Automatic topic
analysis provides patients a way to know more about doctors
in order to help them make decisions on which specialist they
should see. It also helps health care providers or health care
policy makers understand patients’ concern or complaints, thus
they can adjust their policies or resources to better serve people
and improve the quality of health care. Given the fact that the
number of online reviews is dramatically increasing, it is simply
not practical for a person to read and analyze all the reviews
that have been posted. We also compared topics extracted from
Chinese doctor reviews and American doctor reviews. Finally,
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our study empirically demonstrates that Chinese consumers
care more about registration, doctors’ bedside manner, and
technical skills along with other topics.

There are a few potential studies that could stem from this
research. First, we can extend this topic modeling study to
Web-based physician reviews for all specialty areas to provide
health care providers and researchers with better insight into

consumers’ thoughts regarding different medical specialties.
Second, we can apply this text-mining technique to similar
reviews in other countries to determine whether there are any
differences across cultures. Third, it would be interesting to
further investigate the relationship between Web-based
physician reviews and the quality of care provided by health
care professionals.
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Abstract

Background: Self-quantification (SQ) is a way of working in which, by using tracking tools, people aim to collect, manage,
and reflect on personal health data to gain a better understanding of their own body, health behavior, and interaction with the
world around them. However, health SQ lacks a formal framework for describing the self-quantifiers’activities and their contextual
components or constructs to pursue these health related goals. Establishing such framework is important because it is the first
step to operationalize health SQ fully. This may in turn help to achieve the aims of health professionals and researchers who seek
to make or study changes in the self-quantifiers’ health systematically.

Objective: The aim of this study was to review studies on health SQ in order to answer the following questions: What are the
general features of the work and the particular activities that self-quantifiers perform to achieve their health objectives? What
constructs of health SQ have been identified in the scientific literature? How have these studies described such constructs? How
would it be possible to model these constructs theoretically to characterize the work of health SQ?

Methods: A systematic review of peer-reviewed literature was conducted. A total of 26 empirical studies were included. The
content of these studies was thematically analyzed using Activity Theory as an organizing framework.

Results: The literature provided varying descriptions of health SQ as data-driven and objective-oriented work mediated by SQ
tools. From the literature, we identified two types of SQ work: work on data (ie, data management activities) and work with data
(ie, health management activities). Using Activity Theory, these activities could be characterized into 6 constructs: users, tracking
tools, health objectives, division of work, community or group setting, and SQ plan and rules. We could not find a reference to
any single study that accounted for all these activities and constructs of health SQ activity.

Conclusions: A Health Self-Quantification Activity Framework is presented, which shows SQ tool use in context, in relation
to the goals, plans, and competence of the user. This makes it easier to analyze issues affecting SQ activity, and thereby makes
it more feasible to address them. This review makes two significant contributions to research in this field: it explores health SQ
work and its constructs thoroughly and it adapts Activity Theory to describe health SQ activity systematically.

(J Med Internet Res 2016;18(5):e131)   doi:10.2196/jmir.5000
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Introduction

People can now measure for themselves their heart rate, sleep
quality and quantity, mood, workouts, blood pressure, food
consumed, quality of surrounding air—anything from mental,
emotional, and physical to social and environmental aspects of
daily life—because of advances in wearable sensors and apps,
or for short, self-quantification (SQ) tools [1]. Examples of SQ
tools are Fitbit for counting steps and tracking sleep, Adidas
miCoach for tracking physical activities such as swimming and
running, and Lumo Back for monitoring posture. Health SQ
has the potential to induce changes in behaviors: according to
one US survey [2], 69% of adults tracked themselves; 21% of
the study population was using dedicated devices, and 46%
stated that they had changed their behavior based on the
collected data.

To achieve positive behavior changes, self-quantifiers need to
undertake various activities in order to acquire, quantify, and
aggregate data about aspects of their personal health, and
translate these activities into activities of daily living such as
eating healthily, maintaining a healthy weight, and being
physically active [3-7]. These activities can be conceptualized
as a form of doing work [8]. During this work, users interact
with their personal SQ tools in order to collect and reflect on
their data [4,5,7,8]. Thus, these tools mediate the SQ work
[9-13].

The mediation principle here suggests “a structure for
human-computer interaction that (...) the components of the
structure should be not only the user and the computer but also
the object the user is operating on through the computer
application and the other people with whom the user is
communicating” [14]. To come to an adequate understanding
of this structure of human-computer interaction, deconstruction

of the work or overall activity of tool use is needed [15]. This
deconstruction can be achieved by breaking down the work into
its contextual components or constructs [14-17].

The primary aim of this study was to review studies on health
SQ in order to explore the self-quantifiers’ work and activities
and to answer the following questions: what constructs of health
SQ work have been identified and examined in the relevant
literature? How have these studies described such constructs?
This review tests our hypothesis that health SQ can be
characterized in two main complementary ways: as work on
data and work with data.

The secondary aim of this review was to model health SQ
constructs, in order to better characterize the SQ work in health.
Activity Theory (AT) appears to provide an appropriate
conceptual basis to model health SQ work, because the unit of
analysis in AT is the activity or work [16,18], within which 6
key constructs are recognized: subject, instruments, objectives,
division of work, community, and plans and rules [14-16].
Therefore, this paper tests the adequacy of AT as a way to
conceptualize health SQ.

Methods

Search Strategy
We searched Scopus, Web of Science, MEDLINE, and Google
Scholar. We used the search strings “quantified self,”
“quantif*+self*,” and “quantif*AND self.” The search included
studies published from January 2007 to October 2015. We
included journals, conference proceedings, and papers written
in English. The review was guided by the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement for reporting systematic reviews [19] (Figure 1).
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Figure 1. Flow diagram for health self-quantification systematic review.

Inclusion and Exclusion Criteria
Twenty-six empirical studies met our inclusion criteria (see
Multimedia Appendix 1). This sample was achieved through
screening titles, abstracts, and keywords of 340 studies (Scopus
211, Web of Science 102, MEDLINE 20, and Google Scholar
7). A total of 71 studies were duplicated; of the remainder, we
excluded 243 studies, in two rounds. In the first round, 136
studies were excluded because these studies either did not
consider the use of SQ technologies for health self-management
or did not investigate users in real-world contexts or daily life
settings (rather than in controlled environment laboratories)
where people individually collected, managed, and reflected on
data. As a result of this round, 133 articles were eligible for the
next round of full-text screening. In this round, exclusion criteria
were as follows: studies provided conceptual knowledge but
not empirical evidence, eliminating 78 articles; and studies
focused on proposing a new solution and reporting only its
technical specifications, eliminating 29 articles (see Multimedia
Appendix 2) [20-122].

Characteristics and Quality Assessment of Included
Studies
To assess the quality of the included studies, we followed the
method recommended by Thomas and Harden [123].

Included studies in this review were coded by authors’ names,
year of publication, study aims, study design, and study main
outcomes or results (Multimedia Appendix 1). Other
characteristics noted for each study were as follows: the
sampling frame (ie, source of data, selection of participants,
recruitment methods, and consent); data collection methods (eg,
interviews, questionnaires, and so on); the strategies used to
ensure the reliability and validity of data collection methods;
data analysis methods (eg, inductive content analysis, statistical

quantitative analysis, and so on); and the strategies used to
ensure the reliability and validity of data analysis methods.

Included studies in this review were then assessed according to
12 criteria, covering three main quality issues. Five criteria are
related to the quality of the reporting of a study's aims and
objectives, sampling frame, and data collection and analysis
methods (eg, was there an adequate description of the sample
used and the methods for how the sample was selected and
recruited?). A further 4 criteria are related to the sufficiency of
the strategies employed to establish the reliability and validity
of data collection and analysis methods, and hence the validity
of the findings. The final 3 criteria are related to the
appropriateness of the study design (ie, appropriateness of the
included study design considering our research aims). The first
9 criteria are suggested by Thomas and Harden [123], whereas
the last 3 criteria, related to the appropriateness of the study
design, are left open and can be decided by the researcher. In
this review, these criteria are assumed to be met by setting the
inclusion and exclusion criteria as explained in the previous
section, and including only empirical studies for the thematic
analysis. We found that all the included studies have reported
adequate descriptions of the research aims and objectives,
sampling frame, and data collection and analysis methods as
well as good or some attempt to establish the reliability and
validity of the data collection and analysis methods; thus, they
met most of these quality criteria (see Multimedia Appendix
1).

Extracting Data from Included Studies and Thematic
Analysis
To extract and synthesize themes about health SQ work, first
we inductively coded the included studies [124,125]. Then, to
investigate the constructs of health SQ work in the light of AT,
we deductively coded the included studies into the following
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themes [124,125]. Subject is a person engaged in an activity
and using instruments in the course of this work [16]. Object
(in the sense of “objective”) is held by the subject and motivates
activity, giving it a specific direction [126]. Division of work
relates to the extent to which an activity involves collaboration
and the sharing of tasks with others [16] or with tools [127].
Community is a group of people with whom the subject shares
similar objectives [14,16]. Plans and rules are the norms and
specifications of an activity that is undertaken by subjects to
fulfill their objectives [16]. Open coding of the content of each
study was done by looking at the language it used to explain
and describe SQ and associating terms and synonyms with these
themes. Both stages of analysis were undertaken by author MA,
and then the preliminary results were critiqued jointly by authors
KG and FMS, in several rounds of review, until all authors
reached agreement on the interpretation of the data.

Results

Self-Quantification as Work “On Data” and “With
Data”
We found that the literature provided a variety of perspectives
on health SQ as data-driven work that users undertake to fulfill
their health objectives [4,127,128]. It described how users
interact with the SQ tools to define what aspects are relevant
to their health conditions (eg, weight, sleep, blood pressure, and
so on) [4,5]; set goals and track data about these health aspects
for a period of time [7]; analyze the collected data to extract
insights on health status [129,130]; adjust behaviors based on
the insights and knowledge obtained from the analyzed data
[130]; and control the adapted behaviors by sustaining the
changes until the desired health outcomes are achieved [127].
We found that it was possible to categorize the overall content
of the literature on health SQ activity or work in two ways:
work on data and work with data. Table 1 maps these to the
included studies. We found that the literature addressed working
on data much more that working with data.

The first type, work on data, refers to activities that users carry
out to manage their health SQ data. We found that the
description of health SQ activities was not consistent across the
reviewed literature, even when studies were based on the same
human-computer interaction concepts. One study [4] stated that
there are five key activities: preparation (eg, determining what
information to collect and what collection tool to use), data
collection, data integration (ie, combining data from multiple
tools into one place), reflection (ie, analyzing data and looking
at or exploring visualized information), and action-taking by

the tools (eg, sending alerts to the user). However, another study
[7] asserted that there are three key activities: goal setting and
collecting data via using the tools (eg, BodyMedia—an armband
for weight management—allows users to set goals toward more
physical activity, lose weight, or stay the same); interpretation
or reflection on the data (eg, analyzing data and calculating the
time necessary to reach goals by the software); and providing
feedback and coaching by the software (eg, Larklife—a
wristband that tracks steps taken—will glow in a certain color
when the users have not been moving for a while). Furthermore,
we found that data collection and analysis activities received
high attention, whereas hardly any study examined data handling
activity (eg, data organizing, storing, and so on).

The second type, work with data, refers to activities that users
carry out in using their data as the basis for actively managing
their health status [8,10]. Some studies used the term “reflection”
to imply this type of activities; to reflect upon data, users are
assumed to look at their analyzed data, attempt to understand
them, and act upon this understanding to improve or maintain
health status (as in studies [4,7]). Other studies described this
kind of interaction from the perspective of users’ cognition in
relation to one or more factors: building belief [12,131];
intentions for collecting data [131]; perception of the usefulness
of using such tools in tracking health [132]; perception of the
usefulness of objective data in making informed decisions [133],
building knowledge or awareness about health and function
status [5,7,130,134], in deciding what action should be taken
on the generated data [8], the ability to act [132], and
maintaining behavior or keeping track to cope with growing
health problems or conditions [135]; and perception of
themselves as good or bad self-quantifiers [8]. However, the
definition of these factors is vague and questions remain open
about how these factors are interrelated. We found that there is
a need for further conceptualization to define and describe this
kind of interaction between users and their health SQ data.

Constructs of Overall Health Self-Quantification
Activity
Applying the concepts of AT to our analysis of included studies,
we found that one study [8] mentioned all 6 AT constructs,
although it did not examine their structure or the relationships
among them. The remaining studies mentioned only 3
constructs—user, tools, and objectives. Table 1 maps the AT
constructs mentioned in the included studies, and the following
paragraphs give detailed examples of how we found these
occurring in the literature.
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Table 1. Mapping of themes to included studies in a systematic review of health self-quantification.

%Article reference numberThemes

143142141140139138137136135134133132131130129128127131210987654

Inductive themes

Work on data

100XXXXXXXXXXXXXXXXXXXXXXXXXX

Work with data

50XXXXXXXXXXXXX

Deductive themes from ATa

Subject or user

100XXXXXXXXXXXXXXXXXXXXXXXXXX

Instruments or tools

100XXXXXXXXXXXXXXXXXXXXXXXXXX

Objectives

100XXXXXXXXXXXXXXXXXXXXXXXXXX

Division of work

8XX

Community

65XXXXXXXXXXXXXXXXX

Plan and rules

11.5XXX

aAT: Activity Theory.

Subject
A subject is a user who “tracks many kinds of data about
themselves” [5]. They could be life hackers, data analysts,
computer scientists, computer literate, early adopters, health
enthusiasts, or productivity gurus [5]. They could also be
self-experimenters and use such tools to conduct their own
health studies and experiments [5,9,10,136]. They could be
people who track themselves diligently and have relatively high
technical and mathematical skills [5,8,9,130]. On the other hand,
users could be more elderly, less educated, less affluent people,
or people with one or more chronic conditions; such people
could have more limited skills, less experience of using
technology, or less access to SQ tools [8,130,137].

Instruments
Instruments are the tools that are used for health SQ. The
description of tools in the reviewed studies was loose; tools
were variously described as systems, devices, sensors,
applications, mobile phone apps, Web-based applications, or
software. Such variations might be assumed to be based on the
characteristics and features of various technologies; however,
this was not always the case. The term “system” at times was
used to refer to a Web-based application, such as the prototype
described by Li [4], and sometimes was used to refer to the
health SQ device and its accompanying software application
(such as in studies [138-140]). We note that the term

“application” is not self-explanatory; there are many different
types of applications such as mobile phone–based applications,
Web-based applications, and applications associated with
physical sensors (eg, the Fitbit app is associated with the Fitbit
clip sensor and cannot be used fully without the sensor). Our
analysis of this inconsistency shows a gap in the description of
SQ tools and indicates the need for an agreed taxonomy.

Objectives
Objectives, in practical terms, are what users aim to achieve
(eg, to increase exercise levels) [7]. Setting goals in relation to
these objectives is enabled by the tools used [7]. The SQ tools
convert these goals into a qualitative form of data (eg, activeness
state, such as active or inactive) or a quantitative form of data
(eg, number of steps per day) that can be used for illustrating
the users’ progress toward accomplishing what they want [4].
These data were described as indicators, health aspects,
variables, metrics, parameters, and health factors, based on the
researchers’ view of the purpose of SQ work. For instance, the
expressions “health indicators” and “health aspects” were used
often to describe data obtained through tracking and personal
analytics (such as in studies [4-6,12,13,128,135,141]), whereas
health “variables,” “metrics,” “parameters,” and “factors” were
more associated with data produced as a result of
self-experimentation (such as in studies [5,127,136,142]). In
addition, these objectives could be described from a health
perspective. One study classified these data into five categories
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based on their health and well-being characteristics: body state
(eg, physical and physiological), psychological state and traits,
activities (eg, exercise, eating, sleeping), social interactions,
and environmental and property states [128]; however, this
classification is not adequate to account for all health-related
aspects in each category. Our review indicates a need for a
classification scheme for describing the SQ data in terms of the
health objectives, in a comprehensive and systematic manner.

Division of Work
The literature showed that the division of work could be
interpreted in two ways. In the first case, the SQ work can be
technically divided between the users and the tools used [4].
For example, in data collection, the tools may offer manual or
automatic data collection. In manual data collection the user
needs to perform the required action (eg, logging food intake
manually by using CalorieTracker app), whereas in the
automatic mode the tools perform the required action (eg,
counting steps automatically by Fitbit) [4].

In the second case, the work is divided between users and others
(eg, friends, peers, and so on) [8]. Here, the users not only need
to collect data and know numbers, but also need to assess their
perception of their own status and achievements to gain a
holistic understanding about themselves. To do so, they may
share their data or experience with peers [6,13,143]. For
example, sharing the exact steps taken in a week with a group
of peers allows the person to compare their numbers with others
and then accordingly evaluate their own personal activity level
[9]. In another example, the users may share their findings from
health self-experimentation with others who have run similar
experiments in order to compare results and then confirm or
disconfirm their own hypotheses [5,136]. In addition, some
users go online and share their health concerns; for example, to
discuss relevant aspects of their health conditions [143], about
which we give further details in the next section.

Community
Community refers to the persons with whom the users opt to
share their SQ experience. Many SQ tools support sharing data
via social sharing features (eg, Fitbit allows users to share their
data with groups or other individuals) [134]. Self-quantifiers
can voluntarily share their data, results, and so on with others
who could be friends, family members, relatives, partners, health
care professionals [5,7-9,134,135,141], or peers on online and
traditional health support groups (eg, PatientsLikeMe,
CureTogether, Quantified Self groups, and so on) [5,137,143]
or social networks (eg, Twitter, Facebook, and so on)
[134,135,143]. By doing so they hope to get motivated, learn
together, aggregate insights, compare results, compete or game,
engage in teamwork, and so on. Also, in pursuit of supporting
research, self-quantifiers may share their SQ experiences with
medical researchers who conduct health-related studies at the
population level (eg, crowd-sourcing studies over the Internet
like Genomera, DIYgenomics, and so on) [10,137,143] or SQ
technology researchers who may ask participants to test a certain
technical aspect of a tool in natural settings [4,10,12].

Plan and Rules
Plan and rules in AT can refer to the method that users decide
on to reach their health objectives. In the examined literature,
these plans were described as styles of tracking [6] or data
collection plans [127]; approaches of using personal data for
health self-management [8]; or improvement plans that users
design for improving their lifestyle and adjusting behavior based
on the insight obtained from the previous tracking experience
[127].

One study [6] suggested five methods: directive toward a goal,
such as to either lose or maintain weight; documentary, to keep
an eye on things but not to change them; diagnostic, to look for
associations between health aspects (eg, tracking medication
intake and diet to find out the cause of stomach problems);
collecting rewards, to score points or register achievements;
and fetishized, that is, driven by the interest in trying out new
gadgets and technology. A further four methods were added by
another study [8]: to take action (eg, tracking blood glucose to
adjust diet or medication); to check progress toward goals but
not necessarily for taking actions (eg, tracking cholesterol, and
blood count values in anemia); to make sense of the health
condition status (eg, checking glucose when users experience
symptoms that they suspect indicate hypoglycemia, such as
feeling light-headed); and to show logs to health care providers.

On the other hand, the rules of health SQ could be related simply
to the regularity and frequency of tracking [4,8]. One study
described how some users examine their data periodically for
a holistic check on their own health, while others use their data
frequently for real-time decisions about their behavior [8].
Another study described how users might collect data several
times a day (eg, food consumption), once a day (eg, amount of
sleep), several times a week (eg, exercise), or a few times a
month (eg, symptoms) depending on their health needs and
observations [4].

Discussion

In health SQ, people must undertake many different activities
to transform their objectives into the desired outcome. Preparing,
acquiring, organizing, maintaining, retrieving, and reviewing
data in order to understand health status are related to data
management (DM) [144]; therefore, health SQ can be described
as a set of DM activities. However, people must undertake
activities that go beyond DM in order to actually take initiative
and responsibility for managing their health. This kind of work
is related to health management (HM) [145-147]; therefore,
health SQ must also be described as a set of HM activities. We
could not find any study in the literature that identified all the
AT constructs of these activities and examined the relations
between them.

This limited current view makes it difficult to holistically
investigate the effects of health SQ or systematically determine
which “constructs” or components could be key to supporting
or undermining users’abilities to pursue their health objectives,
and hence to achieve their desired health outcomes. Thus, a
rigorous theoretical framework is needed, one that facilitates
deeper, multi-aspect, and more systemic understanding of the
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SQ activity or interaction between users and tools, highlights
all the constructs of such activity, and maps them in a structured
way [17,131]. This makes it easier to analyze issues affecting
the SQ work or activity, and hence makes it more feasible to
address them [17]. The following sections present a way to map
the constructs identified throughout the literature, extending
AT to develop a Health Self-Quantification Activity Framework.

Mapping All the Constructs of Health SQ Activity:
Development of the Health Self-Quantification Activity
Framework
In the AT system, the subject has a goal, tools, colleagues or
friends, and rules when he or she is working on the goal to
transform it into the intended outcome [15,16,148]. This goal
is transformed into outcomes through a process of doing or
activities [16]. This process is called the transformation process
[16,148]. In this paper, this transformation process represents
the work on data and with data that health self-quantifiers
perform to manage their own data and health, respectively. In
the light of AT, we can say that self-quantifiers have health
objectives (eg, being an active or fit person). To attain such
objectives, they use SQ tools and set SQ plans to track data in
a certain way (eg, directive toward a goal), for example, to walk
10,000 steps per day. They interact with the SQ tools in order
to collect, analyze, store, and share data with others as well as
to gain knowledge on health, take actions on the generated data
to protect or maintain health status, and so on. Thus, AT appears
to provide an appropriate conceptual basis to describe health
SQ work. Therefore, it is used as a foundation to develop the
Health Self-Quantification Activity Framework (see Figure 2).

To illustrate how this framework fits with the AT
conceptualization of work, the discussion next presents the
reconciliation between the AT’s 5 principles and the nature of
health SQ practice. These principles constitute the general
conceptual system of an activity, which are as follows:
object-orientedness, tool mediation, the historical development
of activity, the hierarchical structure of activity, and
internalization/externalization [149]. Each of these principles
will be discussed in turn.

Activity Theory asserts that the subject’s work is an
objective-oriented activity [126,150]. Objectives are
sense-forming motives [126] where subjects’ consciousness of
the world around them is formed by their acting upon it [15].
In addition, an objective can be a motive-stimulus that stimulates
a subject to engage in the activity until the desired goals are
reached [126]. In health SQ, self-quantifiers track themselves
for various purposes or objectives such as to improve health
(eg, track blood glucose to hit the target range); to improve
other aspects of well-being (eg, track time spent on doing things
to be mindful); and to find new life experiences (eg, track heart
rate for as long as possible to see what can be learned from it)
[5]. Setting goals by using SQ tools in relation to these
objectives helps users to collect the data necessary to attain their
targets [5,8,13,137]. For example, in case of using Jawbone
UP—a wearable wristband for tracking physical activities such
as walking—when the users have not been moving a lot,
Jawbone UP will start vibrating after being still for a certain
time [7]. This helps the users to make sense of their health status

(eg, I have not been active today), make a real-time decision
(eg, do more walking now), or perform medium-term
self-assessment (eg, if a person with diabetes is not feeling well
or is inactive today, they may need to check their blood sugar)
[8]. It also helps to illustrate one’s progress toward reaching
what they want; hence, it stimulates or motivates users to keep
on working until their goals are achieved [4-7,13].

Activity Theory asserts that the subjects’ work is mediated by
tools [14-16]. Thus, tools could be at the same time both
enabling and limiting. They may empower the users during their
work to attain their goals, or they may restrict such interaction
[15]. Either effect may be observed in health SQ.
Self-quantification activities are mediated by the users’ tools
[9-13]. As an example of mixed effects, a study about using SQ
tools to measure progress by athletes [9] found that if the
generated data or scores are below what was expected (ie,
because of limitation in data accuracy that users are not aware
of), their confidence and how they perceive themselves as
athletic individuals may be distorted; consequently, their
performance could decrease and eventually they might stop
analyzing or even collecting such data.

Activity Theory states that the objective-oriented activity has
a history of its own from which the human mind develops an
understanding [150]. The historical analysis of the activity is
often needed to understand the recent situation [15]. In health
SQ, the advances in computational analysis of SQ tools make
building a history of work possible, which is a major facilitator
to understand current health status and obtain self-knowledge
[129,130,134,142]. Data generated from using SQ tools are also
beneficial for people to evaluate their future health status.
Providing a history of the collected data and detecting trends
over time can help users to not only quantify the current health
and function status, but also calibrate expectations for upcoming
activities based on previous experience. Through evaluating
current performance against past performance, they may
compare their health status at different times in the year [9,141].

Activity Theory differentiates between activity, actions, and
operations to offer a hierarchical structure of activity. Achieving
the subjects’ objectives requires them to go through a series of
activities [15,16,18]. Each of these activities is composed of
actions, and actions are composed of operations [16]. In health
SQ, users undertake various DM and HM activities in pursuit
of achieving their health objectives. These activities are
composed of actions and operations [1]. We can take as an
example the data collection activity, which is one of the DM
activities: in the case of quantifying the walking habit, it could
be composed of several actions such as setting goals, wearing
the tools, going for a walk, and so on that are required for
generating data or measuring performance [1]. However, the
conceptualization of activities and actions in the examined
literature is vague; thus, the boundary between them is not clear.
This could be one of the reasons for inconsistencies in describing
the DM activities, as discussed previously. For example, goal
setting was considered a key activity by De Maeyer and Jacobs
[7], whereas data collection is an action that constitutes this
activity. In contrast, Li [4] considered data collection as a key
activity, whereas goal setting is an action that may be a part of
this activity.
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Activity Theory asserts that any activity has a recursive structure
in which feedback that evaluates performance is decisive [150].
On the basis of this feedback, the subject’s internal mental or
cognitive actions are formed and this is called internalization.
The opposite of the internalization process is the externalization
process where internal cognitive actions are transformed into
external actions. These two processes demonstrate that cognitive
activity is tightly interconnected with external objective-practical
activity [150]. In health SQ, data generated from SQ tools may
provide decisive feedback about the person’s current health

status because they are neutral and not intuitive or emotional
[3,8,11,133]. Such data offer an opportunity for users to obtain
self-knowledge about health status, and based on this knowledge
they decide on what actions they need to take [4,7,9,13].
However, our analysis of the literature shows that these
internalization/externalization processes have not been fully
investigated yet, and the transition between these two processes
remains open for examination. Therefore, a more detailed
discussion of these processes cannot be provided in this paper
and will be taken up in future work.

Figure 2. Health Self-Quantification Activity Framework. SQ: self-quantification.

Using the Health Self-Quantification Activity
Framework to Investigate Health SQ Work
Many self-quantifiers have been frustrated in accomplishing
their health objective [4-10]. They gradually lose their initial
motivation and may stop tracking, and thus may not achieve
the desired health outcomes [1,4-10,128]. To examine what
could cause such a situation in a more systematic and structured
way, the Health Self-Quantification Activity Framework puts
SQ tool use into context, in relation to the goals, plans, and
competence of the user. In the following paragraphs, examples
of how a person could fail to achieve her or his goals are
provided in the light of the health SQ constructs as follows.

“Users” need to have high information and communication
technology (ICT) skills [6] and mathematical skills [9] in order
to successfully use the SQ tools to track health. However, not
everyone is so skilled. A study shows that few people in Europe
have high ICT skills (only 29% of the European population
from 28 countries) [151]. Therefore, factoring in the users’
technical and mathematical competence levels (eg, low,
moderate, or high) could lead to better understanding their health
outcomes from health SQ [152,153].

“SQ tools” have a major influence over users. A study found
that “users were emotionally involved with their tools, and saw
this more as their external conscious to see the details on their
physical activity, food and sleep patterns and act on it where
necessary” [7]. However, any issues that arise when these tools
are in use may increase the time and cognitive effort needed to
resolve these issues and to gain self-awareness [4,5,7,154]. For
example, if many types of health indicators are of interest,
finding a single tool that can support acquisition of most of
these data is difficult [4-7,12,138], thus, the users may decide
not to collect all the data that would be useful to successfully
manage health [4]; if they proceed, they may find themselves

using multiple tools, which increases the person’s time and
efforts to integrate, analyze, and learn from the collected data
[4,5]; and if the same data are tracked by different tools, when
combined, data may be inconsistent, giving rise to concerns
about data accuracy [139]. Therefore, users may lose their trust
in these measurements or may stop tracking [4,10,139,141].

“The division of work”—for example, dividing data collection
work between the user and tools in a form of manual or
automatic data collection [4,6,10]—may be cumbersome, and
this can impede the user’s motivation to collect data of interest
or pursue the SQ practice [7]. For example, one study [4] found
that self-quantifiers were eager to log their food intake manually
at the beginning, but this decreased because as time passed they
found it very time consuming.

“Community” is a very real experience that is enabled by health
SQ: some users go online and share their data or results about
their health status with others who could be friends, family, or
strangers, in order to observe, compare, compete, and so on
[143]. However, sharing this kind of information has its own
set of problems. For example, it could expose the users to
privacy breaches and different kinds of discrimination, including
discrimination in insurance and other financial dealings [143].
In addition, if the users’ results appeared lower when compared
with others, they might consequently develop a low opinion of
themselves and thus they might stop tracking their performance
[9,137].

“SQ plans and rules” are different for each person, and most
SQ systems do not consider this variation. For example, using
SQ tools for conducting self-experimentation raises many issues
[5,10,136]. When the individuals have personal hypotheses (eg,
if I drink sugar water over a period of 8 weeks, then I will lose
weight), they want to design their tracking plan to either prove
or disprove their hypotheses. However, the lack of integration
of single-case experimental design standards into health SQ
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systems leads to insufficient scientific rigor in data collection
and analysis [5,136]. Thus, with current SQ tools, testing one’s
thinking about personal weight loss would be challenging and
potentially misleading.

Conclusions
To summarize, health SQ is data-driven and objective-oriented
work that is mediated by tools. This work is composed of two
types of activities: DM activities (ie, work on data) and HM
activities (ie, work with data). These activities comprise 6
constructs (ie, users, SQ tools, health objectives and goals,
division of work, community, and SQ plans and rules).
Understanding health SQ work, activities, and constructs is
important because it is the first step to operationalize health SQ
fully. This may in turn help to achieve the aims of health
professionals and researchers who seek to make or study changes
in the self-quantifiers’health systematically. This review makes

two significant contributions to research in this field: it explores
health SQ work and its constructs thoroughly and it adapts AT
to describe health SQ activity systematically.

However, many gaps exist in the literature (eg, inconsistency
in describing tools, lack of a comprehensive view of health
objectives, and vagueness in describing DM and HM activities)
that need further investigation. To fill these gaps, our ongoing
work is leading toward developing a taxonomy that accounts
for various aspects of SQ tools’ functionality and
characterizations [1]; a conceptual model and classification
schema for explaining data or health aspects [155]; and a model
that describes the key DM and HM activities that are necessary
for health self-management [1,154]. These are critical
contributions to establishing a holistic and rigorous theoretical
framework within which to understand and improve health SQ
activity.
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(J Med Internet Res 2016;18(5):e118)   doi:10.2196/jmir.5724

The authors of the paper “Online Alcohol Assessment and
Feedback for Hazardous and Harmful Drinkers: Findings From
the AMADEUS-2 Randomized Controlled Trial of Routine
Practice in Swedish Universities” (J Med Internet Res
2015;17(7):e170) used the wrong variable for the number of
email reminders before participants answered the follow-up. In
Table 2, the values in columns two, three, and four under the
subcategory "Number of follow-up emails before response, n
(%)" should read as in the table below. A footnote has also been
added to the P-value associated with this variable. In the Results
section, there remains no statistically significant association
between the primary outcome and the number of email
reminders (P=.16), consistent with the missing at random

(MAR) assumption. However, analyses using the repeated
attempts model and linear regression suggested an intervention
effect of an 11% reduction (18% reduction to 3% reduction)
and a statistically significant departure from the MAR
assumption. The authors are unable to explain why this result
contradicts the above analysis that uses the same variables, so
they prefer to trust the simpler model and hence they do not
regard the repeated attempts model findings as providing any
strong evidence against the MAR assumption. This error has
been corrected in the online version of the paper on the JMIR
website on May 16, 2016 together with publishing this
correction notice. A correction notice has been sent to PubMed
and PubMed Central.
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Table 2. Comparison of groups at follow-up (total n=931 without University of Gävle).

P-valueControl (n=529)Intervention (n=402)Number of follow-up emails before
response, n (%)

.07 a315 (59.6)222 (55.2)1

103 (19.5)82 (20.4)2

70 (13.2)51 (12.7)3

23 (4.3)27 (6.7)4

18 (3.4)20 (5.0)5

aTrend test.
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