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Abstract

Background: The mass availability and use of mobile health (mHealth) technologies offers the potential for these technologies
to support or substitute medical advice. However, it is worrisome that most assessment initiatives are still not able to successfully
evaluate all aspects of mHealth solutions. As a result, multiple strategies to assess mHealth solutions are being proposed by
medical regulatory bodies and similar organizations.

Objective: We aim to offer a collective description of a universally applicable description of mHealth assessment initiatives,
given their current and, as we see it, potential impact. In doing so, we recommend a common foundation for the development or
update of assessment initiatives by addressing the multistakeholder issues that mHealth technology adds to the traditional medical
environment.

Methods: Organized by the Mobile World Capital Barcelona Foundation, we represent a workgroup consisting of patient
associations, developers, and health authority representatives, including medical practitioners, within Europe. Contributions from
each group’s diverse competencies has allowed us to create an overview of the complex yet similar approaches to mHealth
evaluation that are being developed today, including common gaps in concepts and perspectives. In response, we summarize
commonalities of existing initiatives and exemplify additional characteristics that we believe will strengthen and unify these
efforts.

Results: As opposed to a universal standard or protocol in evaluating mHealth solutions, assessment frameworks should respect
the needs and capacity of each medical system or country. Therefore, we expect that the medical system will specify the content,
resources, and workflow of assessment protocols in order to ensure a sustainable plan for mHealth solutions within their respective
countries.

Conclusions: A common framework for all mHealth initiatives around the world will be useful in order to assess whatever
mHealth solution is desirable in different areas, adapting it to the specifics of each context, to bridge the gap between health
authorities, patients, and mHealth developers. We aim to foster a more trusting and collaborative environment to safeguard the
well-being of patients and citizens while encouraging innovation of technology and policy.

(JMIR Mhealth Uhealth 2017;5(5):e60)   doi:10.2196/mhealth.7291
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Introduction

Mobile health (mHealth) is defined by the World Health
Organization’s (WHO) Global Observatory for eHealth as
“medical and public health practice supported by mobile devices,
such as mobile phones, patient monitoring devices, personal
digital assistants (PDAs), and other wireless devices” [1].
Despite the lack of safety and quality validation of these
technologies by medical regulatory bodies, individuals have
adopted mHealth devices as self-management aids, while
medical professionals are at a loss for how to relate to them [1].
Due to this consumer-based and rapid introduction within the
world of patient health aids, mHealth solutions present unique
and stakeholder-specific challenges to the medical environment.
Patients, health care providers, administrators, authorities, and
mHealth developers alike are operating without clear
direction—from potentially improper use of mHealth apps by
individuals, to medical systems’ inability to react due to lack
of technological and organizational support. Therefore, several
questions arise: How should health authorities approach mHealth
evaluation and certification? How can this be accomplished
without stifling innovation? Should efforts to determine risks,
benefits, and appropriate use be held on a global, country, or
regional basis? How will policies and strategies be introduced
to medical professionals and their practices? Which methods
should be used to ensure that patients are properly informed on
how to select and use mHealth solutions?

Today, there are many efforts underway to address these
challenges [2-5]. However, these are happening in silos and are
often specific to a single country or medical system. In this
paper, we explore the progress and setbacks of the mHealth
assessment environment and propose a collaborative and global
approach to assessment, with the aim of applying the
competencies of all stakeholder groups. We believe that by
structuring our work in this field from a common foundation,
assessment initiatives can and will foster a more trusting and
collaborative environment to safeguard the well-being of citizens
while encouraging innovation of technology and policy.

The purpose of this viewpoint paper is to be informative and
provocative, focusing on the changes in mindset and actions
that must occur—from the education and perspective of
consumers, health assessment evaluations teams, and medical
authorities—in the assessment of mHealth solutions. As such,
we hope to elicit discussion on the content and methodologies
of our suggested common framework for mHealth assessment.

The Potential of Mobile Technologies in
the Medical Field

The potential of mHealth solutions lies in their ability to enable
chronic diseases management and general wellness motivation
[6-8]. By tracking an individual’s health and lifestyle data, and
by providing actionable feedback, these tools encourage
self-management. With the subsequent promise of equipping

health care providers with such detailed information about a
patient’s health status in relation to their daily habits, the medical
system could not only better understand elusive compliance
issues but also propose tailored solutions [9] for individual
patients. If integrated and supported appropriately, these tools
could improve treatment, empower patients, and foreseeably
lower medical costs and streamline use of health care resources
[10,11].

However, because these innovations are diverse and
unstandardized, mHealth requires that regulatory bodies take a
fresh look at evaluation methodologies for health aids. Today,
medical actors are expected to adapt to the rapid technology
turnover, ubiquity, and connectivity of mHealth by collecting,
incorporating, and analyzing unprecedented amounts of personal
health information seamlessly within the clinical environment.
However, medical research and validation protocols, which
providers rely on for guidance, are currently unable to adapt as
quickly as such mHealth tools are being released. As a result,
health care providers are left in the dark regarding how to relate
to mHealth tools, as well as the impacts to their own professional
responsibilities. If this goes un-checked, the medical system
will continue to lag behind the needs of its patients.

The Current Situation

Just as in the proverbial scenario of the Band-Aid on the leaking
dam, the mHealth environment has been met with a series of
incomplete or issue-specific solutions to the evaluation of health
apps, wearables and sensors. In fact, neither the Health
Technology Assessment (HTA) agency [12] nor its collaborative
networks, European Network for Health Technology Assessment
(EUnetHTA) and HTA Network, have tackled mHealth solutions
within their range of technology assessments. As patients
continue to use these apps regardless of clinical support or
guidance, health authorities and providers fall further behind,
stuck in the traditional and hypercontrolled operations of the
medical sector. With good intentions, organizations continuously
attempt to address the distinct issues facing patients and
clinicians. Promising attempts included the National Health
Service’s Health Apps Library [13], which aimed to involve
clinicians in the review process, yet it is still under maintenance;
the Organization for the Review of Care and Health Applications
[14], which describes the purpose of their value and risk scores
but not which features of an app lead to its value or risk; and
PatientView’s “The myhealthapps directory 2015-2016” [15],
which presented a summary of consumer-generated app reviews.
While these initiatives attempt to provide the public with
digestible and relevant information, they simply add to the slew
of disjointed and static solutions that are not able to address all
stakeholder issues.

A Step in the Right Direction
Recently, governmental organizations and those representing
end-user interests have acknowledged that flexible solutions
and continuous communication are more appropriate for the
mHealth environment than customary static reports. A
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preparatory review of these evaluation initiatives illustrates the
range of developed mHealth evaluation methodologies and
adapted health assessment frameworks for use in mHealth.
These initiatives focus mainly on the usability and clinical
application of mHealth technologies, which are most commonly
provided by individual user's commentaries, the organization’s
own evaluation team or, very rarely, a representative group of
medical practitioners [16-19]. Some, including the United States
Food and Drug Administration (FDA), choose to regulate only
devices that fall under the definition of “medical device,”
enabling them to rely on existing frameworks for evaluation
and implementation [20]. Others attempt to address a broader
range of tools, with some focusing only on risk assessment
[21,22] or even utilizing nontraditional resources (eg, novel
technologies and social media outlets [23]) to evaluate mHealth
solutions. Finally, most initiatives address only mHealth
solutions that are fully operational within the market [24], with
no solution for those under development [25].

Too Many Initiatives, Too Few Answers
Despite the diversity of approaches, recent reviews reveal
worrisome results—a lack of conclusive or actionable evidence
to suggest the ability of commercially available mHealth tools
to effect behavioral changes or to manage chronic diseases,
inpatient care, or health care delivery [26]. As a result, a primary
concern and unfortunate reality is that this environment has
allowed for the existence of misinformation regarding
appropriate uses for these mHealth solutions. Common labels
may even clearly categorize an app as “medical” yet include
the warning in fine print that the app is “intended for
entertainment only” [27]. Moreover, these evaluation efforts do
not involve or inform all stakeholders [28] of relevant results,
including potential risks associated with misleading health
recommendations or software failures.

To compare the scope of structure and insights offered by
today’s mHealth evaluation initiatives to the desired coverage
and impact that we believe is possible, we have completed a
comparative summary of representative evaluation efforts (see
Multimedia Appendix 1 [29-33]). These characteristics are in
addition to the assumed basic coverage of usability and security.
Such a lack of flexible and inclusive evaluation options has
resulted in a lack of empirically demonstrated understanding
of the benefits and risks that mHealth solutions provide to care
delivery and health management. There is clearly a need to
create an environment that explores additional options for
mHealth evaluation. For example, individuals outside the
medical realm have not traditionally had a majority voice in the
assessment of health aids. Yet today, individual app users are
becoming more knowledgeable about the daily benefits of
mHealth and technology developers are exploring the potential
of ever-present self-management systems. Therefore, we should
consider these groups as underutilized resources—we have an
opportunity to recognize and enthusiastically encourage the
insight that these individuals can now contribute to mHealth
evaluation efforts.

The Unsung Role of Developers in Assessment
Developers are the key force driving the need for certification
due to the astounding rate at which they are producing mHealth

solutions [34]. Therefore, those who are developing mHealth
solutions should be encouraged to seek assessment for their
own technologies through engagement in the evaluation process.
Additionally, they should be provided with guidance and
educational resources, including explanation of the concepts
and benefits of a quality assured and reliable product go
hand-in-hand with growth in the market and success, as the
result of consumer engagement, loyalty, and trust [35,36]. By
creating a mutually beneficial situation for developers and the
medical system, evaluation frameworks can facilitate an
environment that is transparent, trustworthy, and safe for users.
It must also be noted that we must achieve a balance between
development oversight and creative freedom. Too much
regulation, or an unnecessarily lengthy process, would paralyze
certification and inhibit adoption of mHealth solutions, which
is evident from responses to the US FDA’s complex and unclear
rulings [37]. Therefore, involving developers in the improvement
and operation of any mHealth assessment initiatives will ensure
the safety of their creativity and the competitive, open health-app
market.

The Need to Work From a Common
Foundation

While the resources, evidence, and financial support for clinical
implementation undoubtedly vary between countries and
medical systems, there are shared challenges and themes for
assessment. By acknowledging and addressing these common
needs, we as a health care community can work in parallel as
opposed to reinventing the wheel. Furthermore, these needs
cannot hope to be addressed by a single organization or single
perspective (eg, safety and privacy vs usability and consumer
cost). The needs presented by the mHealth assessment arena
can be met only through participation of all stakeholders,
hand-in-hand with regulation and legislation, constantly adapting
to updates in standards and the capacity of technology.

To facilitate the success of this collaborative approach, we must
simultaneously change the paradigm of evaluation to more
appropriately relate to the particularities of mHealth. As such,
it must be continuous and iterative, while at the same time
provide timely conclusions and actionable recommendations
for improvement and implementation.

Acknowledging and Merging Universal
Needs: Approaching the Solution
Together

Organized by the Mobile World Capital Barcelona Foundation,
the co-authors of this paper represent a workgroup of several
international partners with distinct yet complementary
backgrounds and competencies related to mHealth, including
patient groups, government, and health authorities, as well as
representatives from health research, care providers, and
technology developer groups. Exploration of the common needs
and themes of mHealth has resulted in a summative list of
concepts that we believe are universal to all assessment
initiatives. We welcome interested parties and future partners
to contribute their competencies and applicable solutions toward
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the future development of common and foundational guidelines
for building mHealth assessment frameworks. Not only are
newly validated tools needed in order to improve the quality of
assessment steps, but also the perspectives of a diverse group
of representatives in all affected fields. The following sections
outline the major universal concepts and approaches that can
inform proposed and existing evaluation initiatives.

Assigning the Evaluation Team
The concept of specialization is a key component in any effort
to impact a multistakeholder system. A single organization
cannot be expected to accomplish the diversity of tasks and
successfully address the challenges of mHealth evaluation (eg,
results of safety, usability, and health change assessments).
Therefore, representative organizations should be involved in
tasks associated with their competencies, thus providing even
distribution of responsibilities as well as relevant input.

In order to achieve a comprehensive process, the evaluation
team should possess a broad scope of perspectives that are
representative of the following stakeholder groups: patients or
patient organizations; commercial and research-based mHealth
developers; health care providers, medical professionals, and

system administrators; insurance or other reimbursement bodies;
and authorities within governmental health and medical system
organizations.

It is assumed that the composition of this team, and specific
roles of stakeholder representatives, will vary based on the
decision of each country or region that chooses to adopt and
adapt this approach to their own respective medical system.

Pre-Assessment of mHealth Solutions
The pre-assessment phase is meant to classify any mHealth app
and can be based on, for example, the following criteria: (1)
Risk classification matrix: combining intervention type and
patient type (see Figure 1 [38] for an example); (2) Users:
patients, medical professionals, and/or informal caregivers; and
(3) Integration: stand-alone, partially integrated, or fully
integrated.

In order to address mHealth solutions within any stage of
development, pre-assessment guides should be distributed to
developers who are still in the process of designing health
solutions as well as for members of evaluation teams within
any medical system or country.

Figure 1. Risk assessment matrix.

Checklists
Together with the pre-assessment phase, checklists can act as
preparative resources for the evaluation teams to ensure that all
relevant information is provided before resources and time are
spent assessing an mHealth solution, as well as subsequent
public and medical integration. Once pre-assessment has been
established, checklists can be directed toward each contextual
category of health apps. The checklist will vary from country
to country and be provided to the evaluation team. To illustrate
this point, a checklist should ensure that documentation related
to the following categories is provided for each mHealth
solution:

• designation of mHealth solutions by intended use, for
example, reference guides (eg, for nutrition or weight
control), monitoring devices (eg, for blood sugars or blood
pressure), or other types of solutions within a matrix

• level of development
• security and privacy
• interoperability standards
• usability
• functionalities and content

To the best of our knowledge, there are few functional and
representative checklists (eg, Catalonia, Andalucía, and WHO’s
mHealth Technical Evidence Review Group [29,39,40]). Most
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others are not fully available, are under development (eg,
European Commission mHealth assessment working group [5]),
or are focused only on mobile medical devices (eg, Future
Internet-STAR checklist model [41]). These checklists propose
categories related to functionality including usability,
technology, security, content design and pertinence, and
services. They also propose more domains related to
infrastructure, including intervention delivery, accessibility
toward individuals (ie, barriers or facilitators to the adoption of
the intervention among study participants), cost assessment,
adoption inputs/program entry, limitations for delivery at scale,
contextual adaptability, and replicability. Many of these
approaches involve classification of information into levels,
from mandatory to not applicable, based on the app’s level of
risk, thereby providing flexibility to assess not only medical
but also nonmedical devices.

Again, each stakeholder representative within evaluation teams
should be assigned to the topics they are most capable of
assessing. However, not all of these available checklists are
accessible or usable by all stakeholders. As previously
mentioned, developers are a key stakeholder in the success of
assessment initiatives. Therefore, all developers should be able
to provide the checklist information themselves. An alternative
and more time-consuming option is that facilitators be put in
place to gather this information from multiple sources in order
to answer evaluation questions. This will affect the level of time
and funded investment needed, which supports the involvement
and support of developer groups in the design of checklists.

mHealth Evaluation Aspects and Methods
Assessment initiatives must be equally focused on summative
(ie, during or post implementation) as well as formative
(throughout the development life cycle) evaluation. This will
ensure that not only common software development life-cycle
stages but also end-user needs and input are incorporated, thus
giving any initiative practical dimension. We expect that in
doing so, this will promote adoption by the app development
community as well as those representing the interests of the
medical community.

The categories of information provided by checklists can be
evaluated with the common evaluation perspectives of technical
readiness and maturity, risks, benefits, and resources needed.
The limitations and specifics of what is involved in these
evaluation domains should correspond to the purpose of the
evaluation (ie, assessing a device as an educational or medical
tool) and should vary depending on the level of interoperability
and intended use (eg, disease self-management vs activity
tracking) of the mHealth solution (eg, stand-alone app vs
integrated medical device).

Each of these four domains and their subdomains should be
defined to streamline evaluation efforts and organize stakeholder
participation based on their respective competencies (see
Multimedia Appendix 2 for an example). Ideally, the chosen
set of domains and subdomains should address the following
needs:

• Determine the appropriate use of each mHealth solution
(ie, as a medical device or a health and wellness tool, based

on the target and breadth of functionalities as well as status
of interoperability and safety standards)

• Develop expedited and conclusive methods to evaluate the
effect(s) that an mHealth solution has on respective clinical
outcomes and/or patient lifestyle habits, based on its
appropriate and intended use

• Assess risk related to (1) patients and their caregivers in
relation to personal data security, self-management decision
making, and disease understanding; (2) clinicians, including
liability to their practice and a greater trust of and reliance
on patient-gathered data; and (3) overall health care
organizations and systems, including financial impact and
liabilities

• Inform stakeholders of relevant results through respective
and accessible platforms.

Quantitative or qualitative methodologies may be employed
through formal evaluation studies (eg, clinical trials) to assess
each of these. The evaluation studies should be conducted based
on the regulations, practices, and implementation strategies of
individual countries or medical systems in which such studies
are completed. However, to our knowledge, most of the
subdomains still lack validated, standardized, or descriptive
approaches and methods for evaluation. Therefore, alternative
or unconventional inquiry methods should be considered
including involvement of medical education programs as well
as clinical and commercial research organizations, all of which
use complementary methods such as online platforms, market
analysis, and user-involved workshops. Partnership with
organizations that are able to develop such novel methods should
be sought both within the international realm of health sciences
and then adapted to the needs and socioeconomic factors present
within each unique medical system.

Conclusions

There is a clear need for defining a standard assessment
framework for mHealth technologies that will help separate the
wheat from the chaff and identify those solutions that may
provide added value to patients and the health care system. By
accomplishing this set of methodologies and approaches to
evaluation and also the methods, perspectives, and resources
used to accomplish these tasks, evaluation would facilitate more
educated and informed decision making regarding the choice
and use of mHealth solutions—from patients to medical
practitioners to the health authorities that are charged with
maintaining the foundation of each medical service.

The insights and suggestions provided in this paper are intended
for the groups that are completing evaluations, developing apps,
and creating health policy and infrastructural support for
mHealth implementation. We propose that all organizations and
individuals who share a similar passion for a coordinated effort
towards a more rigorous and comprehensive evaluation of
mHealth technologies join forces to form a virtual community
of practice [42]. Discussing the merits and shortcomings of the
proposed approach in this paper and its utility in real-world
scenarios can be a starting point for such community. We hope
that a free-flowing format will foster creative ways to solve the
problems put forward in this position paper. A social
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media based discussion group is a feasible starting point for this
virtual community of practice. The authors invite the experts
in evaluation of health information systems to provide their

opinion as to how such a virtual community should form and
collaborate.
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Abstract

Background: The emergence of smartphones and tablets featuring vastly advancing functionalities (eg, sensors, computing
power, interactivity) has transformed the way mHealth interventions support chronic disease management for older adults. Baby
boomers have begun to widely adopt smart devices and have expressed their desire to incorporate technologies into their chronic
care. Although smart devices are actively used in research, little is known about the extent, characteristics, and range of smart
device-based interventions.

Objective: We conducted a scoping review to (1) understand the nature, extent, and range of smart device-based research
activities, (2) identify the limitations of the current research and knowledge gap, and (3) recommend future research directions.

Methods: We used the Arksey and O’Malley framework to conduct a scoping review. We identified relevant studies from
MEDLINE, Embase, CINAHL, and Web of Science databases using search terms related to mobile health, chronic disease, and
older adults. Selected studies used smart devices, sampled older adults, and were published in 2010 or after. The exclusion criteria
were sole reliance on text messaging (short message service, SMS) or interactive voice response, validation of an electronic
version of a questionnaire, postoperative monitoring, and evaluation of usability. We reviewed references. We charted quantitative
data and analyzed qualitative studies using thematic synthesis. To collate and summarize the data, we used the chronic care
model.

Results: A total of 51 articles met the eligibility criteria. Research activity increased steeply in 2014 (17/51, 33%) and
preexperimental design predominated (16/50, 32%). Diabetes (16/46, 35%) and heart failure management (9/46, 20%) were most
frequently studied. We identified diversity and heterogeneity in the collection of biometrics and patient-reported outcome measures
within and between chronic diseases. Across studies, we found 8 self-management supporting strategies and 4 distinct
communication channels for supporting the decision-making process. In particular, self-monitoring (38/40, 95%), automated
feedback (15/40, 38%), and patient education (13/40, 38%) were commonly used as self-management support strategies. Of the
23 studies that implemented decision support strategies, clinical decision making was delegated to patients in 10 studies (43%).
The impact on patient outcomes was consistent with studies that used cellular phones. Patients with heart failure and asthma
reported improved quality of life. Qualitative analysis yielded 2 themes of facilitating technology adoption for older adults and
3 themes of barriers.

Conclusions: Limitations of current research included a lack of gerontological focus, dominance of preexperimental design,
narrow research scope, inadequate support for participants, and insufficient evidence for clinical outcome. Recommendations for
future research include generating evidence for smart device-based programs, using patient-generated data for advanced data
mining techniques, validating patient decision support systems, and expanding mHealth practice through innovative technologies.

(JMIR Mhealth Uhealth 2017;5(5):e69)   doi:10.2196/mhealth.7141
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Introduction

The advent of the cellular phone and its wide adoption by the
general public intrigued many medical and health researchers.
mHealth—the delivery of health care services and information
via mobile technologies—has provided unique benefits to fulfill
these needs because they are portable, affordable, widely
available, and widely adopted [1-3]. mHealth research with
cellular phones for chronic disease management has been
extensive, and many systematic reviews have concluded that
this technology has had a positive but limited impact on clinical
outcomes, including improved hemoglobin A1c (HbA1c) control
for people with diabetes [2,4,5] and tighter blood pressure
control among hypertensive patients [6-8].

In the last few years, the boundaries of mHealth have been
further expanded, driven by the rapid advancements in
technological capabilities through the integration of an array of
sensors (eg, accelerometer, pulse oximeter), multitouch screens,
and higher computing power [9]. Most importantly, smartphones
and tablets run apps that provide broader functionalities beyond
their core features [10]. Owing to these advancements,
smartphones and tablets have been used differently, most
notably, through the collection of patient data with an array of
sensors, the use of decision-making algorithms, and the
presentation of visually augmented and interactive longitudinal
data [11,12]. Such vastly different utility warrants a distinction
between the traditional mHealth interventions based on cellular
phones and modern smart device-based interventions. We define
smart device-based mHealth interventions as mHealth
interventions that use a smartphone, tablet, or peripheral device
and their unique features, including high computing power,
advanced functions using apps, use of sensors, fast network
speed, and the interactive multitouch screen, to deliver health
care services.

Smart devices have inherited the characteristics of cellular
phones, and they are portable, pervasive, and becoming more
and more affordable. In early 2016, the adoption rates of
smartphones and tablets by older adults aged 60 to 69 years
were 46% and 41%, respectively [13]. Older adults also have
expanded the way they use smartphones and tablets, with health
information seeking being the second most frequently executed
task besides making phone calls [14]. With the growing older
population, it is expected that more and more older adults will
be interested in incorporating these smart devices into their
chronic disease management.

As smart devices started to be widely adopted in the early 2010s,
a reflective increase in mHealth research activities beginning
in 2010 was noted in previous studies [11,12,15]. The
randomized controlled trial (RCT) was identified as the most
common research design, followed by descriptive and feasibility
studies [11]. One study reported texting (short message service,
SMS) as the most frequently used intervention tool, followed
by apps on smartphones, noting its significant and growing role

[11]. Two systematic studies reported overall positive patient
outcomes from mHealth interventions but did not specify which
clinical measures had the most benefit [11,15]. Another scoping
review examined the design, development, and evaluation of
mHealth systems for community-living older adults [12]. This
study identified significant strategies for successful adoption
among older adults, including user-centered design,
collaborative team approaches, change management tactics for
improving organizational and systems readiness, and formative
and summative evaluation for improved user interfaces [12].
However, this study did not assess the characteristics and nature
of smart device-based interventions and their impact on patient
outcome. Overall, previous research had a vague distinction
between the traditional and smart device-based interventions
and lacked focus on the geriatric population.

To accommodate the broader functionalities and wide adoption
of smart devices that can potentially better support chronic
disease management for older adults, there is a need to
synthesize research activities and evidence regarding smart
device-based interventions. This scoping review explored this
knowledge gap by mapping the extent and nature of the available
literature, and will provide future directions for smart
device-based interventions for older adults managing chronic
disease.

Methods

Study Design
We chose to conduct a scoping review because the topic of
smart device-based mHealth has emerged across a wide range
of disciplines and it includes diverse chronic conditions. In
particular, we used the Arksey and O’Malley framework for a
scoping review [16] and the revisions made by Levac et al [17].
We also used thematic synthesis of qualitative studies to
contextualize the findings of the quantitative studies.

Framework Stage 1: Identifying the Research Question
The first stage began with the previously described literature
review, followed by the identification of the knowledge gap.
To comprehensively map the extent and nature of smart
device-based mHealth research activities for chronic disease
management for older adults, this scoping review set out to
answer 4 research objectives: (1) to understand the range and
methods of biometric measurements and patient-reported
outcome measures (PROMs) in smart device-based mHealth
interventions, (2) to describe the types of self-management
support employed in smart device-based mHealth interventions,
(3) to describe the impact of smart device-based mHealth
interventions on clinical outcomes, and (4) to thematically
synthesize older adults’ experience with smart device-based
mHealth systems.

Framework Stage 2: Identifying Relevant Studies
We searched 4 databases—MEDLINE, Embase, CINAHL, and
Web of Science—using search terms related to smart devices,
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older adults, and chronic diseases. For smart device-related
studies, we searched for smartphones, tablets, wearable devices,
and fitness trackers. For chronic diseases, we searched for type
1 diabetes mellitus and type 2 (T2DM) diabetes mellitus,
cardiovascular diseases, chronic lung diseases, cancer, arthritis,
and the catchall term chronic disease. We searched for
cardiovascular diseases including hypertension, coronary artery
disease, heart failure, and stroke. Chronic lung diseases included
asthma and chronic obstructive pulmonary disease (COPD).
We used appropriate subject headings (eg, Medical Subject
Headings) when possible (Multimedia Appendix 1 shows the
search strategies). Lastly, we reviewed the bibliographies of
included documents to identify additional studies.

Framework Stage 3: Selecting the Studies
To align the selected studies to the purpose of the scoping
review, we used an iterative process of developing inclusion
and exclusion criteria. Inclusion criteria were smart device-based
mHealth studies that (1) explicitly recruited older adults, or
where the average age of participants was 50 years or older, (2)
aimed to support chronic disease management, (3) were
published in 2010 or after, and (4) were written in English. Only
articles published in 2010 or after were selected to accommodate
the introduction of tablets and the wide adoption of smartphones
[18]. The exclusion criteria were (1) SMS or interactive voice
response-based mHealth interventions, (2) studies that validated
electronic versions of scales or questionnaire forms of existing
instruments, (3) smart device-based interventions for
postoperative monitoring, and (4) studies that described the
design, development, or usability evaluation of
smartphone-based mHealth systems. A single reviewer screened
for the title and abstract first, followed by a full-text review.

Framework Stage 4: Charting the Data
This stage adopted the Arksey and O’Malley framework, an
iterative process of creating and revising a data extraction form
to add or remove variables as the author’s knowledge on the
topic increased [16]. To optimize the data extraction and
charting process, we created an Excel file (Excel 2011 for Mac;
Microsoft Corporation) to collate the following variables that

were pertinent to the aims of this research: (1) bibliographies,
(2) chronic condition, (3) study design, (4) biometrics and
PROMs, (5) type of self-management, (6) type of decision
support, and (7) clinical and health outcomes.

Framework Stage 5: Collating, Summarizing, and
Reporting the Results
The 3 substages of this stage were (1) analyzing the data, (2)
reporting results, and (3) interpreting the results. For the first
substage, we assessed the basic numerical analyses of the extent
and distribution of the studies. The Arksey and O’Malley
framework recommends adopting a theoretical framework to
collate and summarize the extracted variables in a systematic
manner [17]. Based on the extracted variables resulting from
framework stage 4, we uncovered a high resemblance to the 3
elements of the chronic care model (CCM) [19,20] (Table 1
[19-22]). We borrowed these elements from the CCM as
analytical themes to report and interpret the results. The CCM
is a widely accepted framework that primarily aims to improve
overall chronic care [23]. The selected 3 elements of the CCM
recognize the significance of clinical information systems and
technologies to better support chronic disease, thus aligning
well with the purpose of this study [20]. Using a portion of the
CCM allows for a structured approach to reporting results, and
thereby enhances the articulation of the results to readers [16].

We could not organize results from the qualitative and
mixed-methods studies within the descriptive numerical
summaries due to the incommensurable nature of these two data
types. Instead, we conducted thematic synthesis to capture and
synthesize qualitative data of the patient experience, following
the protocol outlined by Thomas and Harden [24]. Line-by-line
coding, construction of descriptive themes, and development
of analytical themes were completed using EPPI-Reviewer 4.0
[25].

Studies were then grouped and reported into the following
categories to answer the specific research objectives from
framework stage 1: (1) study characteristics, (2) the 3 elements
of the CCM, (3) clinical and health impact, and (4) patient
perspectives.
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Table 1. Mapping and rationale for mapping to the charted variables of the chronic care model (CCM).

Relevance to the extracted variableDescriptionCCMExtracted variables

This extracted variable is the infor-
mation collected from smart de-
vices. The CCM claims that the role
of clinical information systems is to
capture information about patients,
care, and outcomes to support med-
ical practices. Biometrics and pa-
tient-reported outcome measures are
often captured and remotely sent to
clinicians to support clinical prac-
tice.

This element in the original CCM
pertains to the use of patient, care,
and outcome information to gain
feedback, improve practice, and de-
velop shared care plans [20]. This
idea within the context of eHealth
has evolved to accommodate ad-
vanced information technologies
such as electronic medical records,
personal health records, smart-
phones, and wearable devices. [21]

Clinical information systemsBiometrics and patient-reported
outcome measures

Various self-management tech-
niques that were employed by partic-
ipants were extracted and catego-
rized. These self-management tech-
niques correspond to the acquired
skills, use of tools, and assessment
of accomplishments for chronic
disease management.

The CCM puts patients at the center
of chronic disease management, and
they are considered the principal
caregiver. Patient education to teach
necessary skills, tools to monitor
symptoms, and routine assessment
are integral components of self-
management support [22].

Self-management supportType of self-management

This variable was extracted to iden-
tify various methods of communicat-
ing with patients to support clinical
decision making.

Decision support refers to the inte-
gration of evidence-based clinical
guidelines, protocols, and standards
for health care providers.

Decision supportType of decision support

No study that met the inclusion cri-
teria directly examined the impact
of altered medical practice. Howev-
er, the lack of redesign of delivery
systems and its impact on workload
is captured in the qualitative analy-
ses.

Delivery system design is an ele-
ment that draws on the restructuring
of medical practices with clearly
redefined roles to support patients
with chronic diseases.

Delivery system designNot applicable

The scope of this review study fo-
cused at the level of individual inter-
ventions rather than policy and orga-
nizational development. Thus, the
nonincluded studies examined
health care organization. An evalua-
tion study may be more appropriate
to assess the relationship between
health care organizational change
and its impact on chronic disease
care for individual patients.

Health care organization is the
foundational component for the
model. It mainly revolves around
the alignment of goals and visions
across the health care organizational
structure, and policies on care deliv-
ery, reimbursement, and patients.

Health care organizationNot applicable

Smart device interventions are still
at the early stages of development.
The availability of community re-
sources to support these interven-
tions is not found within the studies.

Community resources and policies
refer to the need for sufficient re-
sources within community settings
(eg, exercise programs), so that pri-
mary clinics can link patients to ad-
equate support for chronic disease
management.

Community resources and policiesNot applicable

Results

Search and Screening Results
The search of the 4 online databases in April 2016 yielded 2666
articles. We exported them to Mendeley reference management
software (Mendeley for Mac version 1.17; Mendeley Ltd), where
1714 duplicates were removed. Title and abstract screening
resulted in the exclusion of 821 articles, and we reviewed the

remaining 131 articles in full. In total, we selected 48 articles
and through review of the bibliographies identified an additional
10 potentially relevant articles. Repeating the screening cycle
yielded an additional 3 articles. Figure 1 charts the detailed
search, screening, and exclusion results. Ultimately, we included
51 articles (Multimedia Appendix 2 [26-76]), of which 44 were
journal articles, 6 were poster abstracts, and 1 was from a
conference proceedings. One poster abstract [26] and a journal
article [27] described the same study.
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Figure 1. Flowchart of the study selection process and the reasons for exclusion.
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Figure 2. Type and number of study designs over time from 2010 to 2015. RCT: randomized controlled trial.

Descriptive and Numerical Summary
The sources of the studies were mainly journal articles (43/51,
84%), conference poster abstracts (6/51, 12%), and conference
proceedings (2/51, 3%). The study designs varied vastly.
Preexperimental design studies (16/50, 32%) that included pilot
and feasibility studies employing a single-group, pretest, and
posttest design were most common. We also found RCTs (13/50,
26%), qualitative studies (6/50, 12%), quasi-experimental studies
(5/50, 10%), and mixed methods (4/50, 8%). Study sample size
ranged from 4 to 471, and intervention duration lasted from a
few hours for interviews and focus groups to 1 year. Overall,
there was a pattern of increasing smart device-based research
activities over time, with a noticeable spike in 2014. Figure 2
presents the yearly pattern and the different types of study
designs between 2010 and 2015. The figure excludes 2016, as
we included only the first 4 months, secondary data analyses
(3/50, 6%), and a study protocol (1/50, 2%), as they were not
primary research studies.

Of the 46 primary studies (excluding the protocol, n=1;
secondary data analysis studies, n=3; and poster abstract, n=1),
16 focused on T2DM (35%), 9 focused on chronic heart failure

(20%), 5 focused on COPD (11%), 4 focused on hypertension
(9%), 3 focused on cancer (7%), 1 focused on asthma (2%), and
1 focused on rheumatoid arthritis (2%); 7 studies examined
more than 1 chronic condition in a single study (15%) and all
examined T2DM management as a major topic.

Chronic Care Model
A total of 3 extracted variables from each article were congruent
with 3 of 6 elements in the CCM. The 3 extracted variables
were biometrics and PROMs, type of self-management support,
and type of decision support (Table 1).

Clinical Information Systems: Smart Devices Collecting
Biometrics and PROMs
The smart devices were used for the collection of biometrics
and PROMs—patient-measured information regarding their
health status—and for the exchange of these data between health
care providers and patients [77]. These tasks seamlessly align
with 1 element of the CCM: clinical information systems. To
explore the effective use of the smart devices as a clinical
information system, this study examined the heterogeneity of
the biometric data collected, and the methods of data generation
and transmission.
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Table 2. Number of studies collecting biometric measurements for each chronic disease.

TotalAsthmaHypertensionCOPDbMultimorbiditiesHeart failureT2DMaMeasurements

16214Blood glucose

131264Body weight

121344Blood pressure

10136Step count

6123Heart rate

321Oxygen level

11Temperature

11Peak expiratory flow rate

11Electrocardiogram

63127101528Total

aT2DM: type 2 diabetes mellitus.
bCOPD: chronic obstructive pulmonary disease.

Table 3. Number of studies collecting patient-reported outcome measures (PROMs) for each chronic disease.

TotalAsthmaCOPDbRheumatoid arthritisHeart failureMultimorbiditiesCancerHypertensionT2DMaPROMs

1113313Symptoms

811222Medication
adherence

66Diet

514Exercise

41111Well-being

312Photos

11Gait

38113444417Total

aT2DM: type 2 diabetes mellitus.
bCOPD: chronic obstructive pulmonary disease.

A total of 40 studies used smartphones and peripheral devices
to measure biometrics and PROMs [28,29,31-37,39-54,
56,57,59-61,63,65,66,68-72,74,76]. We identified heterogeneity
in the collection of biometrics measurements (Table 2) and
PROMs (Table 3) for each chronic disease between and within
chronic diseases.

Data transfer from the peripheral devices and the hosting
smartphone or tablet were either manual, relying on patients to
record the data on the smartphone, or automatic, via Bluetooth,
near-field communication, or universal serial bus. Manual
recording of the measured data created an additional burden on
patients [51]. The added burden potentially influenced overall
compliance with the intervention, thus altering the overall impact
on chronic disease management [57]. The degree of automation
of data transfer was only 62% (39/63) for biometric
measurement despite technical capabilities for automation (Table
4).

Self-Management Support: Strategies for Supporting
Self-Management
Another element of the CCM is self-management support. The
extracted variable “types of self-management” fits well with
this CCM element, as we charted the studies to understand
diverse self-management support strategies that were embedded
within smart device-based interventions.

We identified 8 strategies to support self-management of chronic
disease through smart devices (Textbox 1) among 40 articles
[27-29,31,34-37,39-54,56,57,59-61,63,65,66,68-72,74-76].
Each strategy was distinct, yet they were often highly associated
with one another. For example, automated feedback sent to
patients immediately after taking measurements contains
information that may overlap with patient education.
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Table 4. Degree of automation of biometric measurements.

TotalData transfer method, n (%)Measurements

ManualAutomatic

165 (31)11 (69)Blood glucose

125 (42)7 (58)Blood pressure

137 (54)6 (46)Body weight

10 (0)1 (100)Electrocardiogram

31 (33)2 (67)Oxygen saturation %

11 (100)0 (0)Peak expiratory flow rate

63 (50)3 (50)Pulse

101 (10)9 (90)Step count

11 (100)0 (0)Temperature

6324 (38)39 (62)Total

Textbox 1. The 8 identified self-management strategies.

1. Self-monitoring: self-monitoring of the various biometrics, symptoms, medication, or healthy behaviors.

2. Patient education: education of patients pertinent to disease outcomes, self-monitoring, interpretation of measurements, benefits and risks of
healthy behaviors, and medication and side effects.

3. Reminders: reminders for medication, self-monitoring, or behavior change.

4. Automated feedback: feedback content including motivational messages, educational messages, or how patients’ values compare with a clinical
guideline.

5. Coaching: active coaching involving structured and predefined sessions with health care providers through in-person, over-the-telephone, and
virtual interactions for the purposes of education, motivation, and discussion about self-management strategies.

6. Goal setting: individualized goal setting for the treatment or behavior change.

7. Treatment plan: treatment plan outlining a protocol to follow when patients experience exacerbations of symptoms.

8. Social support: sharing of the self-management progress to engage family members and friends.

Overall, there was an inverse relationship between the number
of studies and the number of self-management support strategies
employed. A total of 14 studies (35%) used a single
self-management support strategy and 11 studies (28%) used 3
strategies; 8 (20%), 4 (10%), and 3 (8%) articles incorporated
3, 4, and 5 types of self-management support, respectively.

The most frequently used self-management technique was
self-monitoring, found in all but 2 articles [27,75] (Table 5).
The second most frequently used strategy was automated
feedback [37,43,48,49,51,54,56,59,63,66,68-71,76]. The nature
and extent of the automated feedback varied between studies.
The most frequent form of automated feedback (9/15, 60%)
related to the collected measurements (eg, blood pressure) or
patient progress (eg, number of steps) against the predefined

parameters or goals [43,48,51,59,66,68-71]. Other feedback
included motivational, self-care, and educational messages.
Patient education was another frequently used type of
self-management support, and the extent of patient education
differed considerably. Of the 13 smart device systems, 9 had a
dedicated user interface for patient education; 7 of these included
videos and audio files on topics ranging from instructions on
proper use of peripheral devices, to general information about
the disease, to proper exercise techniques
[27,36,39,43,51,65,75]. Two studies merely provided a brief
educational session before the start of the research study and
supplemented the session with pamphlets and information sheets
[47,66]. One study that aimed to enhance medication adherence
provided information about each medication the patient was
taking [52].
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Table 5. Frequency of self-management support strategies employed within 40 studies.

Number of studiesTypes of self-management support

38Self-monitoring

15Automated feedback

13Patient education

8Reminder

8Coaching

6Goal setting

2Social support

1Treatment plan

Decision Support
The CCM describes decision support as a function of the
advanced clinical information system. The purpose of a decision
support system (DSS) is to assist health care providers to adhere
to an evidence-based clinical guideline. Within the context of
smart device-based interventions, the support was provided
directly to patients rather than through health care providers.
Patients received support for decision making about
self-management from diverse sources, categorized based on
the medium of delivery as (1) virtual (a form of online
communication, usually messaging), (2) in person, (3) by
telephone, or (4) through a DSS.

A total of 23 articles documented aid in the decision-making
process for patients. Of these, 14 studies (61%) integrated 1
type of decision support mechanism [28,34,37,39,42,47,
54,63,65,66,68,70,72,76] and 8 studies (35%) integrated more
than 1 type of decision support mechanism [36,41,43,45,
48,56,59,69]. These interventions were designed to delay the
involvement of health care providers to reduce the burden of
monitoring patients. In total, 12 studies (52%) integrated a DSS
[37,41,43,47-49,54,56,59,63,69,70]. The comprehensiveness
and setup of the DSSs varied considerably: 3 smart device
system-implemented DSSs not only determined the severity of
the disease, but also recommended adjusting medications or
starting a medication regimen based on the patient’s biometrics
and PROMs [43,63,70]. Of 4 DSSs operating on evidence-based
guidelines [37,43,47,70], 3 recommended medication
adjustments. Another 4 studies allowed health care providers
to determine the individualized parameters for each patient, and
the DSS generated alerts based on these predefined values
[48,49,59,69].

Clinical and Health Impact
We assessed the impact of smart device-based interventions on
patients’ clinical and health outcomes. Since this was not a

systematic review, we did not assess the quality of the evidence;
rather the review was aggregated and observational.

Of the 51 studies, 10 RCTs and 2 quasi-experimental studies
examined clinical outcomes [36,42,45,47,48,50,56,59,63,69,
71,76]. The degree of clinical impact varied for different
conditions and each clinical measure (Table 6).

The most frequently reported health improvement was HbA1c

control among patients with diabetes, while no superior clinical
impact on blood lipid profile was observed [36,42,45,48,56,71].
Patients with asthma showed improvements in the percentage
predicted peak expiratory flow rate and forced expiratory
volume in the first second of expiration, but these findings were
based on 1 RCT [47]. Patients with gastric cancer who had
undergone gastrectomy and used smart devices to manage
symptoms and nutritional intake were able to retain their body
weight significantly better than the control group [76]. No
clinical improvement was reported for heart failure and COPD
intervention studies [59,62,69].

Impact on Quality of Life
Many smart device-based chronic disease management programs
aimed to manage symptoms and improve quality of life rather
than solely focusing on improving clinical outcomes. Quality
of life was assessed in 9 studies, and 6 assessment instruments
were used [28,37,42,47,49,54,59,66,68]. Only the 36-Item Short
Form Health Survey (SF-36) and the EuroQoL Five Dimensions
Questionnaire (EQ-5D) were each used in 2 studies (Table 7).

A total of 3 RCTs reported significant improvements in the
quality of life for patients with heart failure and asthma
[37,47,59]. An RCT for patients with diabetes and COPD
documented a mixed result of improvements in the physical
component, but not in the mental component [66]. Another
diabetes management intervention also reported a mixed result
on quality of life. Patients reported less physical pain by the
end of 4 weeks but no improvements in other domains of the
SF-36 [54].
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Table 6. Number of clinical outcomes of randomized controlled trials and quasi-experimental design studies of smart device-based mHealth interventions.

Nonsignificant outcomesSignificant outcomesChronic diseases (measurements)

13T2DMa (hemoglobin A1c)

41T2DM (blood pressure)

50T2DM (lipids)

20HFb (brain natriuretic peptide, LVEFc)

11HF (self-care activities)

10HF (lipids, blood pressure, weight, waist circumference)

10Chronic obstructive pulmonary disease (dyspnea, fatigue level)

01Asthma (peak expiratory flow rate, FEV1 % predd)

01Cancer (body weight)

01Hypertension (blood pressures)

158Total

aT2DM: type 2 diabetes mellitus.
bHF: heart failure.
cLVEF: left ventricular ejection fraction.
dFEV1 % pred: percentage predicted forced expiratory volume in the first second of expiration.

Table 7. Smart device-based mHealth interventions and impact on quality of life.

Measurement toolImpact on quality of lifeMorbidityStudy designStudy (first author, date, reference no.)

EQ-5DaNot significantMultimorbiditiesPreexperimentalAnglada-Martinez, 2016 [28]

KCCQcSignificantHeart failureRCTbHägglund, 2015 [37]

SF-36eNot significantT2DMd and heart failureRCTKarhula, 2015 [42]

SF-12fSignificantAsthmaRCTLiu, 2011 [47]

FACT-LgNot significantCancerPreexperimentalMaguire, 2015 [49]

SF-36MixedT2DMPreexperimentalQuinn, 2015 [54]

MLHFQhSignificantHeart failureRCTSeto, 2012 [59]

RAND-36jMixedT2DM and COPDiRCTvan der Weegen, 2015 [66]

EQ-5DSignificantCOPDMixed methodsVerwey, 2014 [68]

aEQ-5D: EuroQoL Five Dimensions Questionnaire.
bRCT: randomized controlled trial.
cKCCQ: Kansas City Cardiomyopathy Questionnaire.
dT2DM: type 2 diabetes mellitus.
eSF-36: 36-Item Short Form Health Survey.
fSF-12: 12-Item Short Form Health Survey.
gFACT-L: Functional Assessment of Cancer Therapy – Lung.
hMLHFQ: Minnesota Living with Heart Failure Questionnaire.
iCOPD: chronic obstructive pulmonary disease.
jRAND-36: RAND 36-Item Health Survey.
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Table 8. Descriptive and analytical themes identified in 5 smart device-based mHealth research studies.

Williams, 2014 [73]Verwey, 2014 [68]Nes, 2012 [51]Maguire, 2015 [49]Hallberg, 2016 [38]Themes

Inappropriate target patients

N/AYesN/AN/AaYesNo symptoms and stable condition

Insufficient training

N/AYesN/AYesYesInsufficient knowledge on how to use
the system

YesN/AYesN/AYesInsufficient knowledge on how to inter-
pret data

YesN/AN/AN/AN/AAnxiety toward technology use

Recognition of benefits

YesYesYesYesYesIncreased self-awareness of symptoms
and disease conditions

YesYesYesYesYesIncreased motivation to upkeep chronic
disease management

YesN/AN/AN/AYesIncreased knowledge about chronic
disease and management

YesN/AYesN/AYesIncreased involvement and engagement
in chronic disease management

YesN/AYesYesN/AImproved chronic disease management
behaviors and outcomes

YesN/AN/AYesYesUtility as a communication tool

A sense of connectedness and reassurance

YesN/AN/AYesN/AFeeling assured

YesN/AN/AYesN/AReduced uncertainty around chronic
disease management

N/AYesYesYesN/APersonalized feedback, advice, and
messages

System issues diminish motivation

N/AYesYesN/AYesUsability issues

YesN/AN/AYesYesPerceived ease of use

YesN/AYesN/AN/AFeeling burdened

aN/A: not applicable.

Thematic Synthesis
For the thematic analysis, we chose 5 smart device-based
mHealth research studies that aimed to explore patient
perspectives [38,49,51,68,73]. Initially, we constructed 16
descriptive themes from line-by-line coding. We condensed the
descriptive themes into 5 analytical themes (Table 8), then
further categorized them as the facilitators and barriers to
successful adoption by older adults.

Facilitators

Theme 1: A Sense of Connectedness and Reassurance

Patients understood that their measurements and recordings
were observed by health care providers. A sense of reassurance
was offered when patients received feedback from clinicians.

...the rapid feedback by health professionals in
response to reported symptoms...it just keeps your
morale up...(pg E43). [49]

A sense of connectedness and feeling of reassurance was offered
regardless of whether health care providers were monitoring
the system or not.

Yet the virtual link offered by mHealth intervention
appeared to reassure patients and gave a sense of
continuity of care...the sharing of patients’
self-monitoring data with the research nurse, even
though this was infrequent and did not replace current
care (pg e395). [73]

Having the option to contact health care providers at any time
reduced uncertainties that arose when self-managing symptoms
and evoked a sense of reassurance.

...reduced uncertainty experienced by the patients,
particularly at times when they were at home and
were unsure as to whether they should contact health
professionals or not (pg E43). [49]
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Theme 2: Recognition of the Benefits of Using Smart Devices

Many participants from multiple studies commented on the
increased awareness, motivation, and engagement in chronic
disease management owing to the use of smart device systems.
Patients frequently reflected on their self-management behaviors
while filling out diaries for PROMs, noting it enhanced their
sensitivity to and awareness of their symptoms.

...filling in the diaries gave them better insight into
their diabetes, increased their coping and
self-management strategies...increasing their honesty
in answering the diary questions (pg 389-90). [51]

...reviewing their condition and how they felt not just
over a number of days but also within a 24-hour
period...As patients were answering questions about
their symptoms as well as monitoring their oxygen
saturation on daily basis, they felt encouraged to think
more about how they were feeling each day and
throughout the day (pg e395). [73]

Patients were more motivated to comply with mHealth
interventions by achieving predefined goals. Also, patients
recognized the significance of complying with an mHealth
program when they experienced the relationship between their
self-management behaviors and its impact on their health.

They felt encouraged to be more active and mentioned
three aspects [that were positive about the
intervention]: the awareness of their physical activity
performance, the stimulating effect of the daily target
goal and the positive effect on self-efficacy (pg 31).
[68]

This became evident to those who missed their
antihypertensive medication at some point and then
personally detected that their blood pressure had
gone up the same day (pg 144). [38]

Barriers

Theme 3: Incompetent Recruitment Strategy

Smart device-based systems did not offer much value for some
recruited participants, although this varied given patients’
chronic disease management status. These patients consistently
commented on the lack of value the intervention added to their
management strategies. In one study that targeted hypertensive
patients, the authors described the experience of those who were
noncompliant with the mHealth program:

...patients who did not perceive any symptoms or who
had stable blood pressure found some questions to
be less relevant (pg 143). [38]

Another study that promoted physical activity among patients
with COPD identified the reasons for lower ratings when asked
if the intervention had a positive effect on their physical activity
level.

A total of 12 patients were positive about the effect
of the intervention on their physical activity
performance and five patients were neutral about it;
the latter were patients who were already sufficiently
active (pg 31). [68]

Smart device systems that visually represented patients’
longitudinal progress were viewed as less useful, since patients
with stable conditions were well aware without seeing the graph.

...they did not consider it necessary to look at the
graphs, as their answers and values were quite similar
without significant variation (pg 143). [38]

Although many studies had explicit eligibility criteria to recruit
appropriate patients, they did not filter out patients who were
already sufficiently managing chronic diseases. Alternatively,
the targeting of unstable patients for smartphone-based mHealth
interventions could pose a threat to their safety.

Theme 4: Insufficient Training

The theme of insufficient training encompasses 2 distinct issues.
First, it refers to a lack of training and follow-up assistance for
using smart device systems.

Some of the participants commented on how they were
never trained on using this component of the system
(pg E43). [49]

Moreover, some smart device systems were set up to operate
with computers, expanding the need for technical training.
Participants did not pursue extra help and often did not use a
portion of, or an entire, system. This was evident in a study
where patients had an option to view their progress on a
computer.

...simply logging into the computer to look at the
graph was a problem in itself because they had
forgotten how to do this. Therefore, some patients did
not in fact look at the graphs themselves in their own
home...(pg 143). [38]

Another study highlighted the need for additional training,
noting that not all participants learned to use the system at the
same pace.

A total of six patients needed some extra advice about
how to log in, which was given to them (pg 32). [68]

Second, there was a lack of patient education to support the
self-management and interpretation of measured biometrics.

The participants had doubts especially about how to
interpret these questions [referring to questions for
daily diaries (pg 390). [51]

...patients were uncertain how to interpret oxygen
levels (pg e396). [73]

The lack of knowledge on how to interpret questions and the
measured biometrics and PROMs led to inaccurate reporting
of their symptoms or left participants uncertain about their
conditions and progress. Insufficient and inadequate levels of
training had a leaching effect on nurses and therapists, with an
unanticipated increase in workload due to issues such as longer
consultations [51,68].

Theme 5: Diminished Motivation Due to Usability and
Technical Issues

Usability and technical issues were prevalent across the studies,
and they led to frustration among older adults and had a
detrimental effect on patient motivation to continue with the
study.
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Although most of the patients were positive about the
tool, the motivation of some patients dropped when
technical problems occurred (pg 32). [68]

Participants reported technical problems as
frustrating and demotivating (pg 391). [51]

Most studies reported varying degrees of technical and usability
issues with smart systems. These issues are unavoidable in any
technology-driven intervention, but no study described a risk
mitigation strategy in case of technology failure. Patients, more
and more, play a critical role in managing lifelong illnesses,
and smart device-based systems can play a central role in
delivering necessary support. As a result, these issues posed a
significant threat to effective use of the tool, thus hindering
chronic disease management for some older adults.

Discussion

Limitations of Smart Device-Based Research
This scoping review explored the extent of the use of
smartphones, tablets, and peripheral devices, the diverse
self-management support strategies, and the nature of decision
support and DSSs for managing chronic diseases among older
adults. Further, this study illustrated older patients’ experience
with using such technologies for their care.

Lack of Gerontological mHealth Research
Overall, smart device-based research for older adults began to
rise with a noticeable increase in 2014. This is similar to
previous literature findings [11]. Despite the increased research
activities, only 3 studies reviewed here explicitly targeted older
adults, revealing a lack of gerontological smart device-based
studies [50,54,74]. This is a lost opportunity as more and more
older adults are displaying interest in using smartphones and
tablets for obtaining health information [78]. This trend is
expected to grow as the proportion of older adults living with
chronic conditions is increasing.

Dominance of Preexperimental Study Design
mHealth studies have long been criticized for the dominance
of preexperimental studies that labeled themselves as pilot,
feasibility, and field-test studies [5,12], and this trend continued
among smart device-based mHealth research. These types of
studies lacked a control group and are subject to threats to
internal validity [79]. Consequently, these studies offer limited
knowledge about the effectiveness of smart device-based
interventions in producing meaningful clinical outcomes
compared with RCTs and quasi-experimental studies [5].
However, a strong dominance of pilot studies and an increasing
number of RCTs is indicative of overall progress in this topic.

Narrow mHealth Research Scope
Diabetes and hypertension management has been the dominant
subject for traditional mHealth research, whereas other chronic
disease management received very limited attention [2,4]. This
pattern strongly continued among smart device-based mHealth
research. More chronic diseases have been explored using smart
devices, including heart failure, cancer, asthma, and multichronic
disease management. This expansion of the scope of mHealth
research is a welcome change, and these studies have provided

deeper understanding of the potential for smart devices in
chronic disease management for older adults. However, the
scope of mHealth research should expand further as
technological capabilities of smart devices increase, but it was
too early for this scoping review to detect meaningful
diversification.

Inadequate Support for Participants
The literature provides very limited information about the nature
of training (ie, number of participants per training session;
number of hours) and the content of the training (ie, how to use
a smartphone; how to interpret blood glucose levels). However,
the thematic synthesis of qualitative studies unveiled an issue
with research practice in regard to training of participants.
Moreover, there was no consistent structure for ongoing support
for participants. No standard practice for participant training on
technology-driven interventions had many participants
discouraged from using smart devices to their full potential and
often led to frustration among health care providers.

Insufficient Evidence for Health and Clinical Outcomes
The evidence for smart device-enhanced clinical and health
outcomes was insufficient and mostly inconclusive. Smart
device-based interventions for older patients with diabetes
demonstrated its effectiveness in reducing the HbA1c level, but
it did not demonstrate superior clinical outcomes than the
traditional mHealth interventions [80]. Similarly, minimal
evidence was documented for improvement in chronic
cardiovascular and chronic respiratory disease management.
Many studies only reported recognizable clinical benefits among
a particular group of patients through the use of subanalyses
and emphasized the potential these new technologies hold for
the future.

Implications for Future Research

Need for Evidence-Based Design of Smart Device-Based
Programs
We observed disjointed chronic disease care processes across
studies, and even within the studies that focused on the same
chronic conditions. Additionally, the lack of research activities
that focused on the geriatric population is of great concern. The
collection of a wide range of patient biometrics and PROMs,
and the use of many different self-management strategies
indicate the absence of standards for the evidence-based design
of smart device-based programs for older adults.

Heterogeneity in intervention design is not unique to smart
device-based interventions. Heterogeneity in the content of
interventions for different chronic conditions, and even within
a single chronic condition, was also reported in a scoping review
that examined nontechnology-derived chronic disease
self-management programs [81]. This study indicated that no
single design would suffice for the design of smart device-based
programs but, instead, the design of interventions should ensure
that components of such programs are evidence based.

Research activities for older adults had a skewed focus on
validating the effectiveness of a handful of components such
as self-monitoring and automated feedback, which had been
extensively researched through traditional mHealth interventions
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through the use of text messaging and self-monitoring devices
[2,4,5]. These studies demonstrated limited clinical effectiveness
for older adults for managing chronic diseases [2,4,5]. This
finding is in line with behavioral change interventions for older
adults in weight management and physical activity delivered
via text messages and self-monitoring [2,82]. In contrast,
mHealth intervention studies for younger populations in smoking
cessation through text messaging demonstrated a more than
doubled smoking cessation rate [2,4]. More importantly, diabetes
management interventions via text messaging for adolescents
and young adults demonstrated increased blood glucose
monitoring frequency and clinically significant improvement
in HbA1c level [4]. Such a pattern indicates that smart
device-based interventions for older adults need to exploit the
technical advantages for testing and expanding new and novel
strategies for self-management. Example strategies that used
the new features of smart devices are social support through the
use of social network services to involve others [83] and goal
setting for successful behavior changes through visually
presenting progress [83,84]. These are only a few examples of
evidence-based strategies uncovered in this scoping review;
future smart device-based interventions should explore other
evidence-based self-management support strategies and validate
their generalizability, thus leading to the development of more
evidence-based chronic disease management programs.

Patient Decision Support Systems and Data-Driven
Health Care
The role of DSSs within the context of smart device-based
interventions is to support patients in their clinical
decision-making needs, thereby increasing patient autonomy.
Smart device-based interventions often delegate the
responsibilities of clinical practices to patients with support
from patient DSSs, but the degree of delegation varied widely.
One study employed a DSS that initiated a medication regimen
for patients based on their reported biometrics and PROMs [47].
Some studies developed simple rule-based DSSs that determined
the health status of a patient automatically, and clinicians were
only involved when a patient needed closer examination
[43,48,49,56,59]. On the other hand, some DSSs were less
intrusive by providing motivational messages, educational
contents, and self-care advice [63,69].

Use of DSSs within smart device-based interventions raises
multiple issues that warrant further research. First, the complete
delegation of the clinical decision-making process to
patients—albeit with validated DSSs—will need extensive
research on its safety, efficacy, and implications for chronic
care management and patient well-being. This may be an
appropriate approach for simple situations where there is a single
decision option with suitable patient education. However, many
medical decisions will benefit from clinician involvement to
allow careful examination of available decision options that can
lead to informed shared decision making [85]. Some studies
attempted to achieve this by setting up rules around when a
clinician should be involved or by setting up regular scheduled
supervision by clinicians. Too little interaction with clinicians
or too much delegation of clinical responsibilities created
uncertainty and anxiety among patients. Qualitative analyses

demonstrated that online supervision was deemed sufficient to
provoke the sense of connectedness (ie, online communication)
to reassure patient confidence. The use of patient DSSs along
with scheduled clinician supervision needs further research to
optimize its impact on patient safety, patient autonomy, and
resource utilization (ie, clinician time). Second, minimally
intrusive DSSs that provide motivational messages and
educational contents need further verification for their
effectiveness in supporting self-management. Some research
studies have investigated this topic, but the conclusions reported
are insufficient, and the need for tailored messages was noted
[38,62].

Expanding Practice Through the Use of Innovative
Technologies
Overall, the adoption of innovative technologies was not well
realized within smart device-based research. One aspect that
was examined in detail was the diversity and the methods of
gathering biometrics and PROMs. In particular, the automation
of data generation and transmission was of significant
importance for improving chronic disease care because it
influenced older adults’ compliance with smart device-based
interventions [34,42]. For example, the impact of automation
was well documented in one study in which patients had to wear
an accelerometer (automated) and fill in diaries every day
(manual): the mHealth compliance rate was much higher with
accelerometer use [63]. The effectiveness of automation in
improving mHealth compliance was supported by other studies,
especially for older adults [34,36]. However, over one-third of
the biometrics were obtained through analog medical equipment
that did not automatically transfer the data, and compliance was
noted to be lower. Use of peripheral devices that can automate
data generation and transmission is recommended for future
smartphone-based research for older adults.

While the automation of data collection will benefit smart
device-based mHealth research, we should look beyond this for
more innovative solutions. The topic of wearable technologies
for health care is emerging and receiving growing attention
[86,87]. A recent industry report that scanned the
consumer-grade wearable device adoption level indicated almost
as high a level of adoption among older US adults as among
their younger counterparts [88]. Wearable technologies have
not been explored for chronic disease management for older
adults. Continuous monitoring of many vital signs, along with
the simplicity of devices, provides great potential for chronic
disease management, especially for older adults [89]. Early
research protocols and findings from studies that used smart
wearable devices to support chronic disease management among
older adults have begun to emerge, indicating that mHealth and
ubiquitous health research practices are expanding [90,91].

Use of multiple sensors and continuous monitoring generate an
enormous amount of data, which has opened up opportunities
for advanced data analytics. Data analytics has demonstrated
its effectiveness in medicine, from diagnostics, clinical decision
support, and cardiac event detection [92-96]. Use of advanced
data analytics has been integrated into mHealth studies, albeit
very limited, for general health promotion and prevention
research. One study used smartphones to generated personalized,

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 5 |e69 | p.24http://mhealth.jmir.org/2017/5/e69/
(page number not for citation purposes)

Kim & LeeJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


contextualized, and actionable health advice and
recommendations based on activity and nutrition intake [97].
Another study employed a neural network to predict falls based
on kinematic parameters collected from a smart wearable device
[98]. Future mHealth studies should explore the utility of data
analytic techniques, potentially using large amount of data from
continuous monitoring from smart wearable devices for
detecting exacerbation among patients with COPD [99],
irregular heart beat in cardiovascular disease [92], and dangerous
spikes of blood glucose levels [100,101], to name a few, without
resorting to clinicians. Ultimately, new innovative technologies
should improve chronic disease care, increase the autonomy of
patients, prolong the independence of older adults, and ensure
overall well-being rather than being burdensome on patients’
daily lives.

Study Limitations
This scoping study was subject to publication bias. Despite our
effort to be as inclusive as possible by searching 4 separate
reference databases, studies with negative findings may have
been underrepresented. Another limitation of the study was the
restrictive search of online reference databases and exclusion
of gray literature. We excluded gray literature from this scoping
review to balance the feasibility of this study with the available

resources. This study was conducted by a single reviewer, which
may have caused biases in selecting and screening of search
results. Given the nature of the scoping review, this study did
not synthesize evidence to determine the effectiveness of smart
device-based tools. Instead, it captured the diversity of the
available literature with its varied objectives, interventions,
populations, and settings. Consequently, this study was more
exploratory and suggestive of future research directions.

Conclusions
Effective care of older adults with chronic conditions is a
growing global priority. The advances in smartphones,
wearables, and other smart devices align well with the
developing interests of older adults to integrate technologies
into their health care. Future smart device-based mHealth
interventions should focus on implementing evidence-based
strategies into the research design, exploring more powerful
and reliable data-driven DSSs, and using innovative technologies
to enhance and expand mHealth practice. To unlock the potential
of rapidly advancing technologies for the aging population,
future mHealth research should embrace innovation and look
to develop evidence-based chronic care programs for older
adults.
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Abstract

Background: Smartphone-assisted technologies potentially provide the opportunity for large-scale, long-term, repeated monitoring
of cognitive functioning at home.

Objective: The aim of this proof-of-principle study was to evaluate the feasibility and validity of performing cognitive tests in
people at increased risk of dementia using smartphone-based technology during a 6 months follow-up period.

Methods: We used the smartphone-based app iVitality to evaluate five cognitive tests based on conventional neuropsychological
tests (Memory-Word, Trail Making, Stroop, Reaction Time, and Letter-N-Back) in healthy adults. Feasibility was tested by
studying adherence of all participants to perform smartphone-based cognitive tests. Validity was studied by assessing the correlation
between conventional neuropsychological tests and smartphone-based cognitive tests and by studying the effect of repeated
testing.

Results: We included 151 participants (mean age in years=57.3, standard deviation=5.3). Mean adherence to assigned smartphone
tests during 6 months was 60% (SD 24.7). There was moderate correlation between the firstly made smartphone-based test and
the conventional test for the Stroop test and the Trail Making test with Spearman ρ=.3-.5 (P<.001). Correlation increased for
both tests when comparing the conventional test with the mean score of all attempts a participant had made, with the highest
correlation for Stroop panel 3 (ρ=.62, P<.001). Performance on the Stroop and the Trail Making tests improved over time
suggesting a learning effect, but the scores on the Letter-N-back, the Memory-Word, and the Reaction Time tests remained stable.

Conclusions: Repeated smartphone-assisted cognitive testing is feasible with reasonable adherence and moderate relative
validity for the Stroop and the Trail Making tests compared with conventional neuropsychological tests. Smartphone-based
cognitive testing seems promising for large-scale data-collection in population studies.

(JMIR Mhealth Uhealth 2017;5(5):e68)   doi:10.2196/mhealth.6939
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Introduction

The global prevalence of dementia is likely to increase in the
coming years, mainly due to the growing population with an
increased life expectancy [1]. To investigate interventions to
prevent dementia, large sample sizes with long follow-up are
required [2]. Assessment of cognitive functioning over time is
important for early detection of cognitive decline in longitudinal
dementia prevention studies. Conventional neuropsychological
examination is burdensome, time-consuming, and expensive
and therefore hardly feasible in large-scale studies with long
follow-up. To get informed about cognitive functioning without
the need for full neuropsychological examination, innovative
solutions are required.

New technology is rapidly adopted by older generations,
illustrated by a steady increase in the Internet and smartphone
use over the last years [3]. Using smartphone technology, remote
monitoring of health parameters such as physical activity and
blood pressure have already been widely studied and found
feasible, also in older populations [4,5]. Smartphones are likely
to be the principal platform for the development of the next
generation of clinical care and research [6]. Smartphone-assisted
cognitive testing would provide the ability to assess cognitive
functioning rapidly and repeatedly in a noninvasive manner, at
a convenient moment, and without generating high costs.
Experience with smartphone use during a clinical cognitive
assessment has already been tested [7], paving the way to
integration in a home setting. Feasibility and validity of
smartphone-based cognitive testing has been described, although
narrowed down to specific patient groups or a specific cognitive
test [8-11]. Despite these advances made in conducting
smartphone research, little is known in terms of the feasibility
and validity of applying multiple cognitive tests using
smartphone-based technologies for clinical research in larger
populations. Implementation of an app is only feasible if
participants are compliant [12] and the technical performance
is optimal [13].

The aim of this study was to investigate the feasibility and
validity of a cognitive test battery using smartphone-assisted
technology in healthy adults, during a 6 months follow-up
period.

Methods

Study Participants
We recruited participants at increased risk of cognitive decline
and dementia, operationalized as a parental history of dementia
[14]. These persons are highly motivated to participate in a
monitoring study to support preventive strategies for dementia,
and therefore suitable for a proof-of-principle study [15].

Participants were included if: (1) they were 50 years or older,
(2) at least one of their parents was diagnosed with any form of
dementia, (3) they knew how to handle and were in possession
of a smartphone with iOS or Android (version 2.3.3 or higher)
software, (4) they had no dementia or any other cognitive
disorder, and (5) they had no medical history of stroke or
transient ischemic attack.

Participants were recruited through advertisements at memory
outpatient clinics, nursing homes, general practices, and using
the communication channels (website and newsletter) of the
Dutch Alzheimer Foundation. People were asked to contact the
study center and if all of the inclusion criteria were met,
participants received detailed study information in print and an
appointment for baseline measurement was made. Enrolment
and follow-up took place from September 2013 to January 2015.
Written informed consent was obtained from all participants at
the baseline study visit. The study was approved by the medical
ethical committee of Leiden University Medical Center
(LUMC), the Netherlands.

iVitality Platform
iVitality is a Web-based research platform that consists of a
website, a smartphone-based app, and sensors that are connected
with or already integrated in the smartphone to measure health
characteristics including cognitive function, blood pressure [4],
physical activity (integrated pedometer), and life style (with
questions about health and mood). The smartphone-based app
was installed during the baseline assessment and the sensors
were activated if participants were officially included in the
study, until the end of follow-up. Participants could log on to
the website to overlook the measurements and results of their
performance on the app. Participants received alerts from the
iVitality smartphone app to perform a test or measurement (eg,
cognitive test or blood pressure) on their smartphone.

Study Design
Participants visited the study center at LUMC or Academic
Medical Center (AMC) at baseline, where they received
information about the study and the smartphone-based app was
installed and explained. During this visit, baseline measurements
were performed by a study physician or research nurse.
Afterwards, during a 6 month follow-up period, participants
received messages on their smartphone, reminding them to
voluntarily perform a specific cognitive test (Table 1). Alert
moments were chosen in a way that every test had at least four
reminder moments evenly spread during the 6 month follow-up
period. Table 1 indicates on what day since baseline the message
was sent for every test to every individual participant. The
smartphone app collected data from the tests and provided
feedback to the participant by showing the results of their
measurements. A secured Internet connection transferred the
data to the website and the database of the study center.
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Table 1. Message moment per cognitive test during follow-up.

252321191715131197531Weeks in study

Day 169Day 99Day 29Day 1Memory-Word

Day 170Day113Day 43Day 2Trail Making test

Day 171Day127Day57Day 3Stroop

Day 172Day 141Day71Day 4Reaction Time test

Day 173Day 155Day 85Day 15Letter-N-Back

Baseline Measurements
In preparation for the first visit to the study center, all
participants completed a Web-based questionnaire including
questions about level of education, medical history, and
medication use. The study physician measured parameters
including weight, height, and blood pressure of all participants.

Cognitive function at baseline was tested using five
neuropsychological tests to assess global cognitive function,
executive function, attention, and immediate and delayed recall.
The mini-mental state examination (MMSE) [16] was used to
evaluate global cognitive function. The 15-Word Verbal
Learning test (15-WVLT) [17] was used to assess immediate
and delayed recall. The Trail Making test (TMT) [18], parts A
and B, were used to measure attention and executive function.
The Stroop-Color-Word test [19] was used to test selective
attention.

Smartphone-Based Cognitive Tests
Five digital versions of cognitive tests were developed for the
iVitality smartphone app based on existing neuropsychological
tests, but carefully adapted for smartphone use.

The Memory-Word test was based on the 15-WVLT [17]. A
series of 10 words with a fixed time pace was presented to the
participants, which they were instructed to remember. Directly
afterwards, participants were displayed a list of 20 words,
including the 10 words which were presented before, mixed
with 10 new words. Participants had to press “yes” or “no” for
recognition. Each correct and incorrect response was recorded.

The TMT, based on the original TMT part A and B [18],
consisted of four parts of increasing complexity in which
participants had to make a trail connecting 12 circles. In part 1,
the circles contained numbers in ascending order (1-2-3), part
2 contained letters in ascending order (A-B-C), part 3 contained
numbers and letters alternating in ascending order (1-A-2-B),
and in part 4, numbers and letters had to be connected alternating
and in opposing order: numbers ascending, letters descending
(1-Z-2-Y). The total time for each part was recorded. This last
part was added to decrease the ceiling effect in a cognitively
healthy population.

The Stroop color-word test was based on the original Stroop
test [19]. In the smartphone version, 30 items were presented
in all three parts. Names of colors in black letters (part I),
colored blocks (part II) or names of colors in other colored
letters (part III) were presented together with multiple-choice
answers. Total time to complete each part was recorded.

The Reaction Time test consisted of two parts: in part 1,
participants were requested to touch the screen of the
smartphone as soon as a presented green box turned blue. In
part 2, the green box was again presented, but turned into either
a blue or red box. The participants had to touch the screen as
soon as possible, only if the blue box appeared. At one random
instance an enlarged blue box was presented, as a measure of
the startle time. In all parts, the time was recorded between the
box turning blue and the moment the participant touched the
screen in milliseconds. The time between presenting the enlarged
blue box and pressing the screen was recorded as the startle
(reaction) time in milliseconds.

The Letter-N-Back test, based on the original N-back test [20],
consisted of four parts. A series of letters on the screen of the
smartphone was presented in a sequential order. In part 1
(0-back), participants had to touch the screen when the letter
“X” appeared (in total 11 items presented); for part 2 (1-back),
participants had to touch the screen when the letter that was
displayed, was the same as the previous one (in total 11 items
presented); in part 3 (2-back), participants had to touch the
screen when a letter that was displayed was the same as the one
before the previous one (in total 15 items presented); and in
part 4 (3-back), they had to touch the screen when the letter that
was displayed was the same as the one that was presented before
the previous 2 letters (in total 20 items presented). Each correct
and incorrect response was recorded.

Prior to each test, a short explanation was displayed. Screenshots
of the tests are shown in Multimedia Appendix 1.

Statistical Analyses
Characteristics of the study participants are reported as mean
(SD) for continuous variables and as number (%) for categorical
variables.

Feasibility was evaluated by the technical performance of the
app and adherence to perform cognitive tests on a smartphone.
Validity was studied by assessing the correlation between
conventional and smartphone cognitive tests, and the effect on
performance of repeated cognitive tests on a smartphone.

For each participant and each test, we assessed adherence during
follow-up. Adherence was defined as the actual performance
of cognitive test measurements within 1 week of the reminder
received through the smartphone app. The technical performance
was defined as the ability to function as developed on every
participant’s smartphone.

To assess the relative validity of the first performed smartphone
test compared with the conventional Stroop and TMT, we
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calculated the correlation coefficient. Since the test results were
generally not normally distributed, we used Spearman
correlation coefficient. To investigate systematic differences
between conventional and smartphone cognitive tests, we
computed z-scores for both and visualized the values in a
Bland-Altman plot.

In a sensitivity analysis, we assessed the correlation between
the score on the conventional test at baseline and the mean score
of all attempts a participant had made on a specific
smartphone-based test, to account for (technical) difficulties in
the first attempt and a learning curve. In a second sensitivity
analysis, we assessed the correlation between the conventional
Stroop test and the first smartphone attempt without many
mistakes. The participant needed to score at least half of the
answers correct, and if not, the following score (of the next
attempt) was taken. Since no conventional version of the
Letter-N-Back test and the Reaction Time test were done at
baseline, we could not assess the relative validity for these tests.

To assess potential learning effects after repeated testing,
performance over time on the smartphone cognitive tests were
visualized graphically. We analyzed the linear trend in test
performance with each attempt using a linear mixed effects
model with a random intercept and random slope for attempt
within each subject (MIXED procedure). To investigate selective

dropout, we performed an additional analysis on the effect of
repeated testing including only those participants who performed
9 tests or more.

All analyses were performed using IBM SPSS software (version
23).

Results

Baseline Characteristics
The flowchart for inclusion of participants is shown in Figure
1. The study population consisted of 151 participants. Two
participants discontinued the study immediately after baseline
visit because of technical issues with their smartphone, so they
do not have smartphone measurements. During the follow-up
period of 6 months, 12 participants (8.1%, 12/149) discontinued
the study.

Baseline characteristics are shown in Table 2. Mean age was
57.3 (SD 5.3) years and 70.9% (107/151) were female. The
most commonly used smartphone types were iPhone and
Samsung. Around 58.3% (88/151) of the participants had a high
education level. None of the participants had an MMSE score
below 27 points. More details about the other baseline
characteristics are published elsewhere [4,15].

Table 2. Baseline characteristics of study participants.

Study participants

(N=151)

Demographics

57.3 (5.3)Age (years), mean (SD)

107 (70.9)Female, n (%)

Highest education levela , n (%)

16 (10.6)Low (<7 years)

44 (29.1)Middle (7-12 years)

88 (58.3)High (>12 years)

26.4 (4.0)Body mass index (kg/m2), mean (SD)

138 (18.2)Systolic blood pressure (mmHg), mean (SD)

85 (10.8)Diastolic blood pressure (mmHg), mean (SD)

29 (29-30)MMSEb, median (interquartile range)

aMissing data for n=3 participants.
bMMSE: mini mental state examination.
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Figure 1. Flowchart inclusion of study participants.

Adherence
Adherence to the test program of the five smartphone-based
cognitive tests during a 6 month follow-up is shown in Figure
2. Adherence was highest for the Reaction Time test (67%) and
slightly lower for the other tests (62% for the Stroop test, 61%
for the Memory-Word test, 61% for the Letter-N-Back test, and
48% for the Trail Making test). During the 6 month follow-up,
adherence slightly decreased for all tests. Mean adherence per
participant was 60% (SD 24.7). When investigating the data for
the percentage of participants (calculated from total N=151)
who made a test at least once during follow-up, irrespective of

timing relative to the reminder, this was 98% for the Reaction
Time test, 97% for the Stroop test, 95% for the N-back test,
94% for the Memory-Word test, and 89% for the TMT.

Relative Validity of the Smartphone Test Compared
With the Conventional Test
Raw test scores of the conventional tests at baseline and the
firstly performed smartphone tests are described in Multimedia
Appendix 2. Since the smartphone-based tests were based on
the conventional tests but not identical, direct comparison
between the raw test scores is not possible using absolute values.

Figure 2. Adherence to smartphone-based cognitive tests.
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Table 3. Relative validity of conventional cognitive test at baseline compared with cognitive test on smartphone.

Conventional versus mean score of all per-
formed smartphone tests

Conventional versus first performed
smartphone test

nTest

P valueρ CCP valueρ CCa

<.001b.42<.001b.36146Stroop panel 1

<.001b.36<.001b.31146Stroop panel 2

<.001b.62<.001b.50146Stroop panel 3

<.001b.48<.001b.38135TMTc numeric

<.001b.43<.001b.39135TMT alphanumeric

aCC: correlation coefficient.
bSignificant at the <.001 level.
cTMT: Trail Making test.

The association between the conventional cognitive test made
at baseline and the corresponding firstly performed cognitive
test on the smartphone is shown in Table 3. There was moderate
correlation between the smartphone-based test and the
conventional test for the Stroop test (panel 3) and the TMT with
ρ=.5 and .4 respectively.

The sensitivity analysis in which we investigated the correlation
between the conventional test and the mean score of all
performed corresponding smartphone tests during follow-up
showed higher correlation coefficients for both tests compared
with the correlation with the first performed cognitive test (Table
3).

The number of mistakes made by the participants in the
conventional Stroop test was very low and randomly distributed,
and therefore not accounted for in the analysis. The number of
mistakes in the smartphone-based Stroop test was accounted
for in a sensitivity analysis (Multimedia Appendix 3). This
showed a higher correlation coefficient for all three panels
compared with the correlation with the first performed cognitive
test when not accounted for mistakes (panel 1: ρ=.39, panel 2:
ρ=.33, and panel 3: ρ=.57).

The Bland-Altman plots of tests which showed moderate
correlation (Figure 3) show that the difference between the
measurements was randomly distributed over the mean of the
measurements. However, inspection of the Bland-Altman plot
suggests that for the TMT (numeric and alphanumeric),
correlation decreases with increasing time needed to complete
the test.

Repeated Cognitive Testing
The trend in test scores for each smartphone-based test is shown
in Figure 4. With increasing number of test repeats, the number
of participants contributing to the data decreased since each test
was actively offered 4 times during the study, so any excess
number of performed tests is on participants’ initiative. The
performance on the Stroop test improved for each panel with
almost 1 sec per attempt (panel 3: beta=−.93, P<.001) and the

reversed alphanumeric TMT improved with 1.8 sec per attempt
(beta=−1.81, P<.001). The performance on the N-back, the
Memory-Word, and the Reaction Time test remained virtually
stable over time.

The sensitivity analysis in participants who performed the tests
at least nine times showed similar results (Multimedia Appendix
4).

Discussion

Principal Findings
Our study shows that smartphone-based cognitive testing in
cognitively healthy adults over 50 years of age is feasible and
that motivated research participants are reasonably adherent to
regular testing following an alert on their smartphone. Of the
cognitive tests developed in iVitality, the smartphone-based
Stroop test and the TMT have a moderate correlation with
conventional tests. Repeated testing leads to improved test scores
with increasing number of tests performed, suggesting a learning
effect for the Stroop test and the TMT.

Adherence to smartphone tests in trial setting varies between
studies (17%-90%) [21-23]. These mixed percentages can be
explained by the broad definition of adherence in smartphone
interventions considering different frequencies, lengths, and
intensities of use. Adherence of our participants is relatively
good (60%) compared with these studies. The high frequency
of reminders the participants received not only for the cognitive
tests, but also for the other measurements in the iVitality POP
study, could have caused a certain degree of alarm fatigue. This
could have reduced the adherence and might explain the
variability in adherence in our study. Participants were most
adherent to the Reaction Time test. Potential reasons are that
the test is easy, not very time-consuming, and does not require
processing of information. Only 2 participants (1.3%) could not
perform the smartphone tests because of technical problems.
This suggests that repeated smartphone-based
neuropsychological testing outside the context of a research
center is also technically feasible.
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Figure 3. Systematic differences between conventional and smartphone-based cognitive tests in a Bland-Altman-plot. All values are standardized in
z-scores.
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Figure 4. Effect of repeated cognitive tests on smartphone.

Few studies have been performed to validate cognitive testing
using a smartphone, usually in the context of a specific disorder
or healthy young people [8,10,22]. The moderate correlations
in our study for the attention and executive function tasks are
comparable with correlations found in a other study investigating
cognitive smartphone apps focusing on working memory and
perceptual speed [24]. Another Stroop smartphone app was
already validated to diagnose covert hepatic encephalopathy
[9], but was not compared with the conventional Stroop test

[19]. The moderate association found between the conventional
Stroop test and a smartphone Stroop test was not found before
[22]. This is also the first study investigating the TMT on a
smartphone compared with the conventional version [25] with
a moderate correlation.

The correlation coefficient increases for all smartphone-based
tests with more attempts and when leaving the scores out from
participants who made many mistakes in the smartphone Stroop
test (Multimedia Appendix 3), implicating that technical
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challenges while performing the test may have to be overcome.
Our participants received short digital instructions prior to the
smartphone-based tests in an attempt to limit the influence of
technical issues. Nevertheless, the first attempt could be less
reliable because of misunderstanding. The mean performance
reduced random measurement error and therefore resulted in
stronger associations. Especially for the Stroop test we noticed
that some participants made a lot of mistakes in the first attempt
(more than half of the answers were incorrect), indicating
misunderstanding and implicating the need for more explanation
on beforehand in further research.

In line with our findings, another study that also developed a
Letter-N-Back test and Reaction Speed test for the smartphone
did not observe a learning effect over time [22]. The fact that
we did not find an improvement on performance in the
Memory-Word, Letter-N-Back, and Reaction Speed tests can
be due to the ceiling effect in our sample of participants without
any cognitive complaints.

Limitations
This proof-of-principle study has several limitations. We
selected participants with a parental history of dementia and
therefore they are highly motivated to participate. This may
have introduced a selection bias toward better adherence, which
reduces the external validity. Another limitation is that we could
not validate every smartphone test to a conventional test

administered at baseline. Future studies must try to develop a
more comparable smartphone test. Strengths of this study are
the relatively large sample size for a proof-of-principle study,
the moderate level of adherence, and the validation of part of
the tests to conventional neuropsychological tests.

Conclusions
Taken together, the results of this proof-of-principle study show
that smartphone cognitive testing in healthy older individuals
is feasible and yields valid test results. It allows for repeated
testing to observe changes over time while reducing the need
for face-to-face contact, making it time-efficient, less
burdensome for research participants, and less expensive. The
tests should be considered as screening tests to detect changes
over time, rather than replacing conventional neuropsychological
test batteries. It may be particularly useful for large-scale
data-collection in population studies with long follow-up
requiring repeated testing.

Before implementation of this type of tests, further research
should focus on criterion validity to investigate whether the
tests adequately pick up cognitive decline both cross-sectionally
as well as longitudinally. To reduce a potential learning effect,
alternative versions of the tests could be developed, although
for longitudinal research this is less important since the learning
effect seemed to wane in our study.
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Multimedia Appendix 1
Screenshots of cognitive tests on smartphone.
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Multimedia Appendix 2
Mean test results of conventional cognitive tests at baseline and first made cognitive test on a smartphone.

[PNG File, 1MB - mhealth_v5i5e68_app2.png ]

Multimedia Appendix 3
Relative validity of the first performed cognitive test without many mistakes compared to the conventional cognitive test at
baseline.

[PNG File, 298KB - mhealth_v5i5e68_app3.png ]
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Multimedia Appendix 4
Effect over time for repeated cognitive tests (only for the participants who made the test at least 9 times).
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Abstract

Background: Design processes such as human-centered design (HCD), which involve the end user throughout the product
development and testing process, can be crucial in ensuring that the product meets the needs and capabilities of the user, particularly
in terms of safety and user experience. The structured and iterative nature of HCD can often conflict with the necessary rapid
product development life-cycles associated with the competitive connected health industry.

Objective: The aim of this study was to apply a structured HCD methodology to the development of a smartphone app that was
to be used within a connected health fall risk detection system. Our methodology utilizes so called discount usability engineering
techniques to minimize the burden on resources during development and maintain a rapid pace of development. This study will
provide prospective designers a detailed description of the application of a HCD methodology.

Methods: A 3-phase methodology was applied. In the first phase, a descriptive “use case” was developed by the system designers
and analyzed by both expert stakeholders and end users. The use case described the use of the app and how various actors would
interact with it and in what context. A working app prototype and a user manual were then developed based on this feedback and
were subjected to a rigorous usability inspection. Further changes were made both to the interface and support documentation.
The now advanced prototype was exposed to user testing by end users where further design recommendations were made.

Results: With combined expert and end-user analysis of a comprehensive use case having originally identified 21 problems
with the system interface, we have only seen and observed 3 of these problems in user testing, implying that 18 problems were
eliminated between phase 1 and 3. Satisfactory ratings were obtained during validation testing by both experts and end users, and
final testing by users shows the system requires low mental, physical, and temporal demands according to the NASA Task Load
Index (NASA-TLX).

Conclusions: From our observation of older adults’ interactions with smartphone interfaces, there were some recurring themes.
Clear and relevant feedback as the user attempts to complete a task is critical. Feedback should include pop-ups, sound tones,
color or texture changes, or icon changes to indicate that a function has been completed successfully, such as for the connection
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sequence. For text feedback, clear and unambiguous language should be used so as not to create anxiety, particularly when it
comes to saving data. Warning tones or symbols, such as caution symbols or shrill tones, should only be used if absolutely
necessary. Our HCD methodology, designed and implemented based on the principles of the International Standard Organizaton
(ISO) 9241-210 standard, produced a functional app interface within a short production cycle, which is now suitable for use by
older adults in long term clinical trials.

(JMIR Mhealth Uhealth 2017;5(5):e71)   doi:10.2196/mhealth.7046

KEYWORDS

human-centered design; user-centered design; human-computer interface; human factors engineering; eHealth; engineering
psychology; mHealth

Introduction

Utilizing a human-centered design (HCD) approach, such as
that outlined in the International Standards Organization (ISO)
9241-210 [1], during the design of connected health devices
ensures that the needs and requirements of the user are taken
into consideration throughout the design process. HCD is a
multi-stage process that allows for various iterations of a design
and subsequent update to the requirements. The importance of
involving end users in the design process of health products is
recognized, and different approaches have been demonstrated
in literature [2-8]. In this paper, we present the implementation
of a structured HCD methodology, based on ISO-9241-210,
which utilized standard, established techniques to assess and
develop the usability and human factors of a smartphone
interface with the full involvement of end users and
stakeholders. The smartphone interface that was developed and
tested is a component of the wireless insole for independent and

safe elderly living (WIISEL) system, a system designed to
continuously assess fall risk by measuring gait and balance
parameters associated with fall risk. The system is also designed
to detect falls. The architecture of the system is illustrated in
Figure 1. It is proposed that the system can be worn at home by
a user for a period of time in order to identify specific gait and
balance patterns that may be affecting a user’s fall risk. The
system is targeted at older adults who represent a high fall risk
group. The system consists of a pair of instrumented insoles
and a smartphone that are worn by the user. Data collected by
embedded sensors in the insoles are sent to the smartphone,
where they are then uploaded to a server in a clinic for
processing and analysis. The smartphone represents a major
interface in the system as this is how the home user will
primarily interact with the WIISEL system with the WIISEL
app, allowing the user to check the system status, sync with the
insoles, send data to their local clinic, and monitor their daily
activity.
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Figure 1. The wireless insole for independent and safe elderly living (WIISEL) system.

The acquisition and comprehension of information from
interfaces can become more difficult as a person progresses into
older age. Interfaces in electronic health or medical apps can
often be crowded with text and characters, have poor contrast,
contain many different colors, and may not present adequate
haptic or audio feedback. In terms of visual perception,
age-related declines in acuity, contrast sensitivity, and ability
to discriminate colors can affect reading rates, character and
symbol identification, and button striking accuracy, even with
optimal corrections in place [9]. Age-related cognitive decline
in domains such as reasoning and memory can affect the ability
of the user to comprehend the process they are perceiving on
the interface [10]. Deterioration of psychomotor processes such
as fine motor control and dexterity can cause problems for users

attempting to interact with the physical hardware of the interface
[4]. Typically between the ages of 60 and 80 years, individuals
can expect up to a 50% decline in visual acuity (particularly in
low luminance, low contrast, and glare environments), a
reduction in hearing sensitivity by 20dBs, a 14% decline in
short-term memory, and a 30% decline in power grip strength,
all of which impact how one interacts with computer interfaces
[11]. In addition to these physical considerations, older adults
can also present a complex user group in terms of attitude toward
and previous experience with technology [11].
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Methods

A 3-stage HCD methodology was utilized to enhance the
usability and user experience of the smartphone app. This
methodology was previously described by Harte et al [12].

Phase 1

Use Case Development
The use case document outlined 7 scenarios where the user must
directly interact with the smartphone interface. These scenarios
were (1) the user logs in to the app, (2) the user syncs the app
to the insoles, (3) the user checks the system status, (4) the user
uploads the data, (5) the user minimizes the app, (6) the user
resets the app, and (7) the user triggers a fall alarm. The use
case, which was termed paper prototype version 1, was exposed
to 2 groups of stakeholders in the form of structured analysis
in order to illicit their feedback [7,13,14].

Expert Use Case Analysis
A total of 10 experts were selected to analyze the use case. The
experts were selected from National University of Ireland (NUI),
Galway based on their involvement with work related to the
use of technology by older adults. We sought multi-disciplinary
perspectives, as advised in ISO-92410, and therefore the group
consisted of nurses, occupational therapists, physiotherapists,

general practitioners, gerontologists, and engineers. The precise
expertise of each expert, as well as a self-reported measure of
their knowledge of (1) usability and human factors and how it
can influence technology use; (2) the end user, their capabilities,
and their preferences for technology; and (3) connected health
devices that are used in the home can be found in Table 1.

In addition to filling out the Likert statements at the end of each
scenario, the expert was instructed to engage in a think-aloud
protocol as they walked through each scenario [15]. All feedback
was captured by an audio recorder.

End User Representatives Use Case Analysis
A total of 12 older adults were recruited using a typical
purposive sample (Inclusion: age 65+ years, community
dwelling; Exclusion: profound hearing or vision loss, psychiatric
morbidities, and severe neurological impairments) to analyze
the use case. The same protocol and interview structure was
used to expose the use case document to the older adults and
was carried out in the home of the participant. Ethical approval
to carry out the interviews and assessments was approved by
University Hospital Galway (UHG) research ethics committee.
For this analysis, we sought to measure, where applicable, the
capabilities a user would call upon to successfully use an
interface, so that we could be satisfied that test participants were
representative of the target end-user population.
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Table 1. Experts involved in use case analysis. Each of the experts was asked to mark out of 10 where they felt their own expertise of usability, the
end user, and connected health lay.

Connected
health
knowledge

Usability
knowledge

End user
knowledge

Specific experienceProfession#

789Industry experience in software design. Research interests include
the perception of older adults in the media and the quality of life
of dementia sufferers in long stay care.

Clinical researcher in general
practice

1

369Experience in the delivery of occupational health solutions to

older adults including ADLa assessments, environmental risk
assessments, cognitive assessments, and fall prevention strategies.

Occupational therapist2

688Registered general nurse with a PhD qualification in clinical
nursing and has expert experience of treating older adults.

Senior lecturer in nursing3

759Research addresses chronic disease management and implement-
ing connected health solutions for the management of chronic
diseases.

GPb and senior lecturer4

469Senior lecturer of general practice and lead researcher in clinical
training or teaching practices and methods, as well as workplace
learning and development.

GP and head of general practice
department

5

787Holds a PhD in psychology with research interest in team situation
awareness in critical environments and designing instructional
materials. Currently working in the area of examining lifestyle
and technology factors associated with gestational diabetes mel-
litus.

Psychology researcher6

868Former practising nurse currently a masters researcher pursuing
projects in connected health and telehealth solutions in rural
communities.

Clinical researcher in general
practice

7

8610HRBc Cochrane Fellow currently practicing as a GP with expert
experience of treating older adult patients. Research interests are
in multimorbidity with a focus on connected health solutions.

GP and senior lecturer in general
practice

8

486IT researcher specialising in human computer interaction. Re-
search interests heavily focused on the employment of user-cen-
tered design techniques for mobile devices.

ITd lecturer and expert in user-
centered design

9

8810MD specializing in geriatrics and PhD qualification in preventive
medicine and public health. Has expert experience of treating
older adults as well as specific research interests in epidemiology,
geron-technology, and tele-health care.

Geriatrician and professor of
geron-technology

10

6.478.4Average expert group knowledge of key areas.

aADL: activities of daily living.
bGP: general practitioner.
cHRB: health research board.
dIT: information technology.

We measured the cognitive and visual capabilities of the user
and the components of the processes we measured are illustrated
in Figure 2.

We used a short battery of standardized tests to measure each
of the capabilities presented in Figure 2. The tests and their
relevance to the analysis are listed in Table 2.

High contrast acuity (HCA) was measured using a Snellen chart
at a distance of 3m. Low contrast acuity (LCA) was measured
for 5% and 25% contrast using SLOAN letter charts at a distance
of 3m. Standardized illumination was provided for these 2 tests
using a light box from Precision Vision (precision-vision.com).
Constrast sensitivity (CS) was measured using a MARS chart

at a distance of 40cm, whereas low contrast acuity in low
luminance (LCALL) was measured with a SKI chart at a
distance of 40cm. Color discrimination (CD) was measured
using a Farnsboro D-15 test. Reading acuity (RA) was measured
using a Jaeger chart at a distance of 40cm. Each participant also
completed 2 cognitive performance tests based on the Whitehall
study [22]. Spatial reasoning was assessed using the Alice Heim
4-I (AH4-I). The AH4-I tests inductive reasoning, measuring
one’s ability to identify patterns, and to infer principles and
rules [24]. Short-term memory was assessed with a 20-word
free recall test. Expected values of each test per age group and
the actual measured can be found in Tables 3 and 4.
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Figure 2. Physiological capabilities required to interact with use case.

Table 2. Battery of tests.

Meaning and relevanceMeasureInteractive process

Visual perception

A general measure of visual capability and the ability to discern spaces between
characters on a 100% contrast interface [16].

High contrast acuity

A measure of acuity when reading full words on an interface [17].Reading acuity

A general measure of visual capability and the ability to discern spaces between
characters on a 5% and 25% contrast interface [18].

Low contrast acuity

The contrast threshold at which the user can successfully identify a character [19].Contrast sensitivity threshold

Ability to discriminate colors on an interface [20].Color discrimination

The ability to discern spaces between characters on a low contrast and poorly illumi-
nated surface.

Low contrast acuity in low luminance

Cognitive process-
ing

The ability to interpret space on an interface and infer relationships between elements
has been cited as a major component of website usability and software interfaces in
general [9,21,22].

Spatial reasoning

Memory, specifically short-term memory has been cited as an important factor in
one’s ability to maintain visual attention of an interface [22,23].

Short-term memory
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Table 3. Average visual performance metrics measured and split by age group. The average is compared with the expected score for that age group.
Data presented in each column as expected or measured

CDfCSe

(expected or
measured)

LCALLd

(expected or
measured)

LCAc

(expected or
measured)

RAb

(expected or
measured)

HCAa

(expected or
measured)

n

(number of
participants
who fall into
age group)

Age

(years)

No defects1.68/1.80.33/0.410.67/0.791/11/1161-65

No defects1.54/1.550.29/0.270.62/0.711/11/1266-70

1 participant with very mild blue yellow
confusion (tritanopia)

1.42/1.330.25/0.220.49/0.640.91/0.80.91/0.83371-75

1 participant with very moderate blue
yellow confusion (tritanopia)

1.2/1.420.2/0.220.4/0.54Not applicable0.83/0.88576-80

No defects0.61/0.70.17/0.20.3/0.5Not applicable0.76/0.66181-85

aHCA: high contrast acuity.
bRA: reading acuity.
cLCA: low contrast acuity.
dLCALL: low contrast acuity in low luminance.
eCS: color sensitivity.
fCD: color discrimination.

Table 4. Expected scores and mean measured scores for cognitive tests for all 12 participants. The average is compared with the expected score for
that age group. Data presented in each column.

Short-term memory (range 0-20)

(expected or measured)

Spatial reasoning (range 0-65)

(expected or measured)

n

(number of participants who fall into age group)

Age

(years)

(6.21-6.43)/8(30-46)/30161-65

(4.79-5.74)/6.5(30-46)/38.5266-70

(4.7-5.5)/6.3(29.7-40)/35371-75

(4.3-5.4)/5.9(29.7-40)/29.8576-80

(4-5.1)/4(25-40)/26181-85

Identification and Categorisation of Usability Problems
The audio feedback acquired during the analysis of the use case
document by the experts and end users was “intelligently”
transcribed [25] and clearly defined usability problems were
extracted from the transcript. All of the problems identified by
each expert, and end user were collated for each scenario. All
problems were documented and illustrated in a structured
usability and human factors problems report [26] and were
accompanied by selected testimony from a corresponding expert
or end user who elaborated on the nature of the problem for the
purpose of the design team. This report was analyzed by system
designers who provided potential solutions to each problem
where possible.

Phase 2
In response to the feedback from phase 1, a new paper prototype
was developed (paper prototype version 2) and made available
for expert inspection. A working version of the app with
accompanying user manuals was also developed on a Google
Nexus 5 smartphone (working prototype version 1) and made
available for expert walkthrough. We returned to the original
experts and carried out a 2-part usability inspection. First, the
experts inspected the solutions to the problems they had

identified in phase 1 using a new version of the use case (paper
prototype version 2) as a guide. This use case only presented
the problems that the experts identified in their original analysis
and showed how the problems had been addressed. Second,
they inspected the prototype app (working prototype version 1)
utilizing a cognitive and contextual walkthrough methodology.

Phase 3
The new manuals and updated interface (working prototype
version 2) were exposed to the 10 older adults who had
previously analyzed the use case (2 of the 12 subjects who had
originally analyzed the use case were unavailable in phase 3
testing). After measuring the time taken to complete each task
and the number of errors made, the after scenario questionnaire
(ASQ) and the NASA Task Load Index (NASA-TLX) were
administered to the participant after the task was completed.
The ASQ is a Likert scale that interrogates a user’s perception
of efficiency, ease of use, and satisfaction with manual support
[27]. The NASA-TLX is a multi-dimensional rating procedure
that provides an overall workload score based on a weighted
average of ratings on 6 subscales: (1) mental demands, (2)
physical demands, (3) temporal demands, (4) own performance,
(5) effort, and (6) frustration [28].
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Results

This section presents the summary of results from each phase,
as well as the changes made to the interface and support
documentation after each phase.

Phase 1: Use Case Analysis (Paper Prototype Version
1)
The combined expert analysis and end user analysis identified
21 problems. We have provided 13 examples of problems, which
are presented in Table 5. These 13 problems were chosen for
illustration because they represent unique problems, the other

8 problems were considered repetitions or derivatives of the
other 13, and therefore, we felt it was not important to describe
them. The problem ID number assigned to each problem was
used for the remainder of the design process to allow for easier
problem tracking throughout the process.

The problems from Table 5 are presented in Table 6 in order of
severity rating based on the mean Likert scores assigned by the
experts. The maximum individual score that was given by the
10 experts is also included to highlight the fact that some experts
may have given a more severe rating than what the mean or
standard deviation indicates. The heuristic category to which
each problem belongs is also included.

Table 5. List of identified problems and which use case scenario it was identified in.

Problem description (use case scenario)Problem ID
number

The difference in operation between the home button and back button is not clear (user minimizes app)1

Overall login sequence (user must log in to the app)2

Buttons on keypad are too small for this population (user must log in to the app)3

WIISELaicon not prominent enough on app menu (user must check the system status)4

Having to upload the data will be too hard to remember to do (uploading data by exiting app)5

Feedback during the process is not clear or may cause anxiety (uploading data by exiting app)6

No prompt to indicate to the user that a manual connection is now required (user must connect to the insoles)7

Colors are too similar in places (uploading data by exiting app)8

Feedback regarding connection status is unclear (user connects to insoles using app)9

Homescreen information is not clear (user must check the system status)10

Options presented are not clear (fall alarm or notification)11

App text is too small (user must check the system status)12

Buttons on exit screen need to be bigger (uploading data by exiting app)13

aWIISEL: wireless insole for independent and safe elderly living.

Table 6. Problems uncovered by experts and rated based on mean Likert scores.

Max severity rating given

(0-4)

Severity rating

(0-4) (σ)

Heuristic categoryProblem ID
number

42.5 (1.2)Cognitive directness1

42.4 (1.1)Consistency and compliance of task structure2

42.2 (1.3)Discernibility (button size)3

42.2 (1.3)Discernibility (icons)4

32.1 (0.9)Consistency and compliance of task structure5

42.1 (1)Completeness and sufficiency of meaning6

41.9 (0.6)Consistency and compliance of task structure7

41.9 (1.2)Discernibility (color tone and contrast)8

41.7 (0.9)Completeness and sufficiency of meaning9

41.5 (0.8)Completeness and sufficiency of meaning10

31.4 (1)Consistency and compliance of task structure11

31.3 (0.75)Discernibility (text size)12

41.2 (0.9)Button size (discernibility)13
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Table 7. Problems uncovered by end users and rated based on mean Likert scores.

Max severity rating given

(0-4)

Severity rating

(0-4) (σ)

Heuristic categoryProblem ID
number

31.83 (0.89)Cognitive directness1

21.5 (0.7)Consistency and compliance of task structure2

21.5 (0.8)Discernibility (button size)4

31.33 (1)Discernibility (text size)7

31.2 (0.9)Discernibility (button size)13

21.15 (0.6)Discernibility (color tone and contrast)8

31(1.2)Completeness and sufficiency of meaning9

30.91 (0.6)Completeness and sufficiency of meaning6

30.91 (0.7)Discernibility (text size)12

The older adult end user analysis found 14 problems, all of
which were problems that had been identified by the expert
group (the same problem ID number is used). Of the 13
problems listed in Table 6, 9 were uncovered by end users.
These are presented in Table 7 in order of severity (as in Table
6).

Testimony from experts and users alike were used to provide
insight into the problems and help designers better understand
the problem. Themes were sought from the transcripts to
uncover which characteristics of the interface experts and users
most commonly found problematic. For example, regarding the
login sequence for the smartphone app:

If not absolutely necessary this sequence should be
removed from the use of the phone. At the very least
it should be made sure that this only needs to be
carried out by the clinician in the clinic once.

Maybe a voice password could be used or simply a
pin number that only requires numerical values and
does not require an email address.

Insufficient screen feedback and prompts for the user when
carrying out certain tasks was identified as a recurring theme:

There should be a prompt to upload the data. When
he (the user) presses the back button it should prompt
the user that the data is about to be uploaded. The
warning sign on the Exit pop-up box will cause
anxiety and should be avoided.

I suggest that the interface should have one indicator
saying if everything is working OK and if not, the
interface should say specifically what the issue is.

The battery icon needs to change colour/shape when
it is decreasing.; There needs to be a message which
appears on the screen telling the user to initiate this
(connection) sequence (PLEASE PRESS HERE TO

ATTEMPT CONNECTION) and an indicator on the
screen should tell them where to press.
[Recommended by Expert 8]

The size of screen elements such as icons, buttons and text were
identified as being problematic:

(Made in reference to the pop up boxes in particular,
for example “Invalid mail or Password” during
login,) the screen needs to be utilised better, pop up
boxes need to be bigger and more prominent.

There is no reason why the large screen space could
not be utilised more effectively for these buttons
(referring to exit pop-up buttons). [Expert 1]

This (referring to an icon in top left hand corner to
show that the app is running) is a good idea, but it is
just too small for older adult users.

The results of the expert analysis and the end user analysis were
compiled separately and then were presented in a problem report
for system developers, with all problems listed with severity
ratings and related testimony. The developers returned a
proposal on how each problem could be solved, which were
then reviewed by the usability engineering team. Examples of
proposals that were accepted by the usability engineers are
shown in Table 8.

Not all identified problems could be easily fixed by the system
developers. Some aspects of the interface were built into the
Android operating system (OS) and therefore could not be
changed, whereas some problems could not be solved within
the time constraints of the project. Where it was clear that the
developer could not affectively address a problem through
interface changes, the usability team proposed an alternative as
to how the problem severity could be at least reduced if not
completely eliminated. Some of examples of these problems
are shown in Table 9.
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Table 8. Problems that were directly addressed by system developers.

System developer commentsProblem ID
number

The login will be a once off action carried out at the clinic to simply match the data coming through to the patient who is using the
app. We have debugged the app so that any crashes should not mean the user has to log back into the app (login cookie is stored
on phone cache). We will also make it so that the user can see the password as they are typing to decrease the chance of error, as
suggested by the experts.

2

We will change this to a more prominent symbol that will be slightly bigger although is constrained by the operating system. We
will make this symbol the same icon as the app icon.

4

We will change the feedback text to “Are you sure you want to close this application? After closing, the data will be sent to the
server.” We will also change the caution symbol to an Information symbol based on your suggestion.

6

Contrast has been increased and text size increased to make it more prominent against the dark background.8

We will remove the text “connect in 10 seconds pop-up” and just have “auto connection started” and “an everything is ok” pop-up
once sequence is complete.

9

The “timer” text has been removed. We will also introduce colors for the symbols, red when the symbol is not in the ideal state,
and green when it is.

10

We will introduce a green and red button choice with related symbols.11

Text size will be increased and some redundant components will be removed from the interface to make more space.12

Table 9. Problems that could not be directly addressed by system developers and which in turn had a proposed solution by the usability team.

Usability team proposalSystem developer commentsScenarioProblemProblem ID
number

We will provide an instruction
sheet that will show the user
clearly the difference between
the 2 buttons, emphasizing in
particular that the back button
is only used for uploading the
data

This is an Android design and cannot be changed
and we feel that adding another button (an exit
button) to the interface may cause further confu-
sion

User minimizes
app

The difference in operation
between the home button and
back button is not clear

1

Short tutorials will be conduct-
ed for users on how to effective-
ly use the keypad at the onset
of use to improve confidence

This is an Android design and cannot be
changed. The only solution would be to “buy”
another keypad design that will be expensive

User logins to the
app

Buttons on keypad are too
small for this population

3

We will emphasize this sce-
nario in our user manuals to re-
flect the fact that it needs to be
carried out periodically

At this stage of development, an automatic data
push is not feasible but will be considered for
future

Uploading data by
exiting app

Having to upload the data will
be too hard to remember to do

5

We will describe the sequence
in the short form manual, with
steps for when a user should
attempt a manual connection

We will improve the auto connection and intro-
duce an option in the settings to turn off auto
connection

User must connect
to the insoles

No prompt to indicate to the
user that a manual connection
is now required

7

Update of Paper Prototype and Development of First
Working Prototype
Based on this communication between the development team
and the usability engineers, a working app prototype for the
Google Nexus 5 smartphone was developed as well as a full set
of user manuals based on the use cases and the feedback from
the use case analyses. The use case was also updated to reflect
the changes to the interfaces. Figures 3 and 4 show examples

of how the updated interface (paper prototype version 2)
compares with the paper prototype version 1. In Figure 3, we
see how color indicators have been introduced to enhance the
feedback on the system status screen. Text size has been
increased and some elements have been removed from the
interface to reduce crowding. Figure 4 shows how the login
screen has been updated with a decrypted password as well as
increased text size and button size.
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Figure 3. (a) The old interface showing the system status. Experts did not like the dull colors and crowded interface. Some users did not like the fact
that there was no change of colors to indicate low battery, weak signal etc; (b) The updated interface with color indicators for connection, signal strength,
and battery life, as well as increased text size and contrast.

Figure 4. (a) Experts were concerned with the small button size and the fact that the password was encrypted meaning an older adult might lose their
place when typing. This problem was also identified by end users; (b) Increased text size and a larger, more prominent sign in button as well as a
decrypted password.
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Figure 5. One side of the basic instruction sheet (short form manual) describing the connection and uploading sequences.

Where the problems identified by the experts could not be
addressed by an interface change, user manuals were created
to offset any confusion of difficulties the user might encounter
with the interface. In order to create an effective user manual,
the original use case was updated with all the interface changes
made by designers. Each use case scenario now became a section
of the user manual with the same chronological order maintained
where applicable. For example, the use case scenario where the
user connects to the insoles became a “how to connect” section
in the user manual and was followed by a “how to upload”
section, as in the use case. Two forms of manual were created,
a short form manual entitled the “basic instruction sheet” which
contained basic instructions on a double-sided laminated sheet,
and a longer form manual laid out in similar style to the use
case that elaborated on the instructions provided in the basic
instruction sheet and provided additional instructions for
procedures that would not be considered routine. Another
version of these 2 forms were also created for clinicians with

additional information on how to set up the system for the user,
change settings, calibrate insoles, and adjust fall detection
settings. A selected sections of the manual is presented in Figure
5.

Phase 2: Expert Inspection Results

Use Case Inspection of Paper Prototype Version 2
Table 10 presents examples of how the various problems
uncovered during the use case analysis in phase 1 were
addressed and compares the problem rating it received from the
first use case analysis (paper prototype version 1) with the new
rating it received from the analysis of the updated interface in
phase 2 (paper prototype version 2).

The inspection found that of the 21 original problems identified
by the experts, 3 had now received a rating of 0 from the experts,
17 had received decreased ratings, and 1 (ID# 11) had received
an increased rating.
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Table 10. Comparison of problem ratings between paper prototype V1 problems and the updated interface (paper prototype V2). The max individual
score that was given by the 10 experts is also included to highlight the fact that some experts may have given a more severe rating than the mean or
standard deviation indicates.

Max severity
rating given

(0-4)

Severity rating

(0-4) (σ)

How was the problem addressed?Max severity
rating given

(0-4)

Severity rating

(0-4) (σ)

Problem ID
number

Paper prototype
version 2

Paper prototype
version 1

21.4A manual section was added that explained the operation of each
button in the context of overall phone operation and in the context

of the WIISELaapp.

42.51

10.3Debugging of the app and improved connection sequence means
that app resets are not as likely, leading to a decreased need for the
user to have to login. Button size was increased and the password
decryption during the sequence was removed.

42.42

21.4Additional manual information was added and instructions on setting
a daily reminder on the phone.

32.15

10.4The caution symbol has been replaced with an information symbol,
additional text information has been added explaining to the user
what is happening regarding the data upload.

42.16

42.1Red and green have been introduced as “I have fallen” option (red)
and “I am Ok” option (green). Whereas experts agree with the notion
of illustrations and color coding, they are now concerned that there
is no text labels on the buttons. One expert pointed out that red could
be confused for a cancel button (ie, to cancel the alarm) in the same
way as it would be when answering a phone call. This could lead to
a user accidentally sending a fall alert to carer during a false positive
sequence in which the user is forced to press a button in a hurry.

31.511

10.1The addition of the green indicators for “good” and orange and red
indicators for “bad” such as for the battery symbol have been wel-
comed.

41.510

10.44Whereas the homescreen interface had improved, some experts felt
that some space was not being utilized well and that small text and
crowding was still an issue.

31.312

aWIISEL: wireless insole for independent and safe elderly living.
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Table 11. Average metrics and consensus for 9 experts. After scenario questionnaire (ASQ) scores range from 1-7, where 1 is the most satisfied and
7 is the least satisfied the user can be.

CommentsASQa scoreAverage errors madeTime taken (s)Scenario

The increasing numbers (referring to the incrementing counters) on
the interface are still unclear to some experts. Whereas the experts
acknowledge that this indicates “data is streaming,” the indication
should be that it is either connected or it is not, any other information
than that is completely redundant. Documentation is a little crowded,
would like to see more space given in the manual

20.54.7Check the system status

This task but could be made easier by giving more feedback to the
user and simplifying the interface somewhat. If the connection takes
a couple of minutes then the user needs to be made aware that some-
thing is happening or else they will just keep pressing the connect
button, possibly causing a crash or accidentally disconnecting it. The
ambiguities in the connection sequence need to be made clear in the
manuals, ‘’don’t panic, give the system a chance etc.’’

3048.0Connect to the insoles

There is a concern that there is no immediate feedback to let the user
know they have completed the task successfully. The manual indicates
that an icon will appear in the top left hand corner of the screen,
however, it is obvious that this does not appear straight away if there
is a lot of data, this should be made clear in the manual or just re-
moved, as it may cause anxiety.

204.3Upload data

The difference in operation between the back button and the home
button, while addressed, is not made completely clear in the user
manual. This will be important for users particularly if they intend to
user other functions on the phone.

4User minimizes app

Not a very straight-forward sequence given the number of screens
that need to be navigated, but under supervision this should be OK.
This is quick if the user knows what they are looking for, although
they could get easily lost. The user manual should explain to the user
that they made need to scroll down in each menu to reach the option
they need. If the user does not see the exact same screen that they see
in the user manual they will think something is wrong.

30.723.4Reset app

This will present challenges, particularly the keyboard. If the user can
follow the manual then it will be easy but any digression from the
main path will cause problems. The time is OK, although mistakes
with the user credentials will obviously increase the time as well as
the user frustration. More steps need to be added to this sequence in
the manual.

31.127.0Login to app

This is an easy sequence but the confusion over the options makes it
a little bit more burdensome especially on users with any form of
cognitive impairment. Very quick to do, provided the user is clear on
what option they are pressing. The documentation here is inadequate
and needs to explain the situations in which each option may need to
be pressed.

30.37Respond to fall alarm

aASQ: after scenario questionnaire.

Expert Cognitive or Contextual Walkthrough With
Working Prototype Version 1
Table 11 shows the captured average metrics from each scenario,
with the time and errors made metric captured. Accompanying
the metrics are a selection of comments from experts.

Of the 8 scenarios, three achieved a score of “satisfied”and four
achieved a score of “somewhat satisfied,” whereas one achieved
a neutral score. No scenarios scored a perfect score of 1,
indicating that all scenarios require some improvement,
particularly regarding the clarity and flow of the supporting
documentation. These data are best illustrated in a radar chart

(Figure 6). A radar chart allows for multiple data series to be
displayed across common variables, each variable having its
own axis (the dotted line). The axis values go from low to high
as you read toward the center of the chart, with lower scores
indicating a better outcome (data points near the edge of the
chart). The chart in Figure 6 shows how the 3 individual
components of the ASQ score, satisfaction with ease of
completion, time taken, and effect of supporting documentation.

In response to comments by the experts during the inspection,
the user manuals were updated, and several minor changes were
made to the interface. These updates are listed in Table 12.
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Figure 6. All basic scenarios scored consistently well regarding ease of completion (blue) with just slight superficial changes, the more challenging
scenarios such as login and reset registered higher (worse) scores. Only one scenario, connection routine, scored poorly in the time taken (red) metric,
owing to the length of time it takes the insoles to sync with the app. Several experts were confused by some of the layout and instructions in the manuals
(green), with improvement required for several scenarios, particularly the instructions for the fall alarm sequence.
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Table 12. Changes made to the user manuals and interface based on expert inspection.

Changes madeSuggestionsScenario

The documentation now includes 6 steps instead of the
original 4. A step is included to explain that the app may
take several seconds to start up and how to lock the phone
again.

Increased text size

This section of the manual needs to be less crowdedCheck the system status

The same number of steps is maintained with additional la-
bels indicating where on the screen the user may have to
press during the connection sequence.

Increased button or text size

Would like to see some explanation of the crash sequence in
the user manual.

Connect to the insoles

The third step, which explained that an icon would appear
upon successful completion has been removed to avoid
confusion as it does not always appear straight away. The
section now also includes further explanation of what the
back button is used for.

Increased button or text size

Manual indicates that an icon will appear in the top left hand
corner of the screen, however, it is obvious that this does not
appear straight away if there is a lot of data, this should be
made clear in the manual or just removed, as it may cause
anxiety.

Upload data

A section explaining the function of this button was placed
on the same page as the section explaining the use of the
back button. This was done in order to provide a clear dis-
tinction between the function of the 2 buttons

The difference in operation between the back button and the
home button, while addressed, is not made completely clear
in the user manual.

User minimizes app
(home button)

Expanded from a 3-step instructional process to a 5-step
process. A section was also introduced to explain to the user
how to best interact with the touchscreen in terms of scrolling
and striking

The user manual should explain to the user that they made
need to scroll down in each menu to reach the option they
need. If the user does not see the exact same screen that they
see in the user manual, they will think something is wrong.

Reset app

Expanded from a 4-step process to a 6-step process including
additional instructions on how to access the number keypad
and find the @ symbol

Increased button size

More steps need to be added to this sequence in the manualLogin to app

Expanded from 1-step to a 3-step process with clear illustra-
tions to show when the user might experience

New buttons introduced to indicate cancel and confirm

Increased button size

The documentation here is inadequate and needs to explain
the situations in which each option may need to be pressed.
As regards the options, it is suggested that red and green not
be used to distinguish options and that text labels also be used
for the buttons to accompany and supplement images

Respond to fall alarm
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Figure 7. (a) Fall alarm interface before expert inspection, the red and green caused confusion as the red was associated with “cancel” as you would
find on a phone call interface; (b) Fall alarm interface after expert inspection, a more appropriate symbol was introduced for the help button whereas
the cancel button was changed to a more neutral blue with appropriate labeling.

These changes led to working prototype version 2 and a new
set of user manuals that now contained 4 laminated sheets.
Figure 7 shows an example of how the fall alarm interface has
been updated.

Phase 3: Usability Testing With End Users
Table 13 shows the average metrics for the 10 test participants
during the usability testing of working prototype version 2,
whereas Figure 8 illustrates the breakdown of the ASQ metric
in terms of satisfaction with ease of completion, time taken, and
support documentation (there was some confusion with the reset

and login sequences in the user manual (green) which is
explained further in Table 13).

The results of the NASA-TLX was performed on paper and the
metrics are shown in Table 14. A score of 100 indicates
maximum burden on the user, whereas a score of 0 indicates
no burden. The first 4 tasks scored very well, indicating little
to no burden on the user. The login and reset procedures, due
to the number of steps involved, created the most mental,
physical, and effort burden, as well as the most frustration,
particularly the login procedure. The most temporal burden was
created by the fall alarm procedure, due to the timer on the
screen, forcing the user to make a hasty choice.
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Table 13. Performance metrics for each scenario during user testing with working prototype 2, with related commentary as observed during the testing.
The after scenario questionnaire (ASQ) score ranges from 1-7, where 1=best score possible and 7=worst score possible.

CommentsASQaErrors madeTime takenScenario

All users found this very easy to complete and manuals clear to follow.
The only errors encountered were when users released the screen slide
lock too early, which occurred with 4 of the 10 users.

10.419Check the system status

Whereas users found the procedure and manual easy to follow, the
time taken for the sync to complete caused minor frustration. The
only error encountered were when some users held the manual con-
nection button for too long.

10.1331Connect to the insoles

All users found this very easy to complete and manuals clear to follow.
Some minor errors included pressing the cancel button instead of the
OK button. Whereas the OK button was clearly marked as the button
to press in the user manual, sometimes the user would press cancel
without consulting the manual.

10.1313Upload data

While quite a complex sequence, most user’s found it easy to com-
plete, but were susceptible to minor errors, such as accidentally
pressing the wrong menu option, or accidentally pressing while
scrolling. These errors are down to unfamiliarity with touch screen
interfaces and “heavy handedness.” There was one error with regards
to the layout of the manual.

21.0112Reset app

This sequence took the most time, due to most user’s unfamiliarity
with touchscreen keypads. There was a huge disparity in times,
ranging from 30s to nearly 5 min, with those who had previous expe-
rience with smartphones faring generally better. The manual layout
also caused some confusion with user’s having to jump a step to find
out how to enter numbers and then having to return to the previous
step.

20.88171Login to app

The original fall sequence caused an error for every second user, who
thought the red option was the cancel option, as you would expect on
a mobile phone call.

20.56Respond to fall alarm

The new alternative fall sequence proved more successful, with the
removal of the red or green option causing less confusion with no er-
rors reported.

106Respond to fall alarm

Table 14. NASA Task Load Index (NASA-TLX) scale breakdown by scenario. The NASA-TLX score ranges from 1-100, where 1=worst score possible
and 100=best score possible.

FrustrationEffortPerformanceTemporalPhysicalMentalOverall scoreScenario

4.04.74.34.38.53.84.9Check the system status

4.94.44.412.95.69.97.0Connect to the insoles

5.23.35.33.34.03.24.1Upload data

3.53.83.02.83.74.73.6Minimize app

37.253.317.515.016.342.330.3Reset app

43.865.820.720.329.054.739.1Login to app

10.518.320.259.57.743.526.6Respond to fall alarm 1

7.76.54.833.36.222.813.6Respond to fall alarm 2

LoginLoginLoginRespond to fall alarm 1LoginLoginLoginMost burdensome scenario
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Figure 8. All scenarios scored maximum for ease of completion (blue) apart from the fall alarm 1 which caused slight confusion. Time taken (red) was
not considered a major issue for any of the scenarios, with the connection routine not scoring maximum due to the nature of the syncing process, whereas
the unfamiliarity with typing caused some users to mark down the login sequence. There was some confusion with the reset and login sequences in the
user manual.

Table 15. Likert items severity rating (range 0-4, 0=no problem, 4=most severe problem) for interface ergonomics by scenario. Some Likert items did
not apply to certain scenarios. An x indicates that there was no Likert statement for that particular interface aspect for that scenario.

Icon meaningIcons sizeKeypad buttonsButtonsTextColorScenario

00.12xx0.250Check the system status

xxx0.12xxConnect to the insoles

xxx0.120.120Upload data

xx0.3700.120Login to app

xxx000Respond to fall alarm 1

xxx000Respond to fall alarm 2

Table 16. Presents the evolution of three distinct problems through the testing lifecycle with the usability metrics taken at each stage.

Phase 3Phase 2Phase 1Problem ID
number

Caused error during user testing?NASA-TLX

(0-100)

End user
ASQ score

(0-7)

Expert ASQa

score

(0-7)

New severity
rating after
inspection

Severity rating

(0-4) (σ)

On average, users made 0.88 errors during this scenario39230.61.772

On average, users made 0.13 errors during this scenario4130.41.416

On average users made 0 errors during this scenario13131.21.0911

aASQ: after scenario questionnaire.
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Table 17. System usability scale (SUS) metric, split into overall usability and learnability, captured at each phase.

Phase 3Phase 2Phase 1

SUS total

x̄ (σ)

Learnability

x̄ (σ)

SUS total

x̄ (σ)

Learnability

x̄ (σ)
SUSa total

x̄ (σ)

Learnability

x̄ (σ)

n/an/a68.75 (11.6)48.75 (26.36)55 (23.6)35 (24.23)Experts

88 (3.75)87.5 (5)n/an/a78 (10.77)58 (26.43)End users

aSUS: system usability scale.

Table 15 shows the Likert response for different aspects of the
interface in each scenario. The severity rating is calculated in
the same manner as phase 1 and 2.

Summary of Results
With combined expert and end-user analysis of a comprehensive
use case having originally identified 21 problems with the
system interface, we have only seen observed 3 of these
problems in user testing (problem ID 1, 2, and 12). Satisfactory
ASQ ratings were obtained during validation testing by both
experts and end users, and final testing by users shows the
system requires low mental, physical, and temporal demands
according to the NASA-TLX. Table 16 shows how three of the
problems (problems involving flow, consistency, and feedback)
have evolved over the testing cycle. Problem 2 and 6 show a
clear linear improvement from phase 1-3, with problem 2 an
example of a problem that despite best efforts remained a cause
of potential user frustration due to the unfamiliar style of
touchscreen keyboards. Problem 6 represents an example of a
problem that was effectively mitigated through interface changes
and manual support. Problem 11 is an example of a problem
that was actually exasperated by an interface change, causing
greater confusion to users, although this was effectively
identified and mitigated between phase 2 and 3.

The system usability scale (SUS) metrics after each phase are
presented in Table 17. The SUS is split into 2 scales: (1) overall
usability and (2) learnability [29]. Early phases showed widely
variable SUS scores, particularly among experts, whereas phase
3 scores showed agreement among end users that the interface
had achieved some level of acceptability.

Discussion

Overview
We have presented a multi-phase, mixed-method HCD approach
to improve the user experience of a smartphone interface, which
forms part of a connected health system. Our approach was
designed to uncover and mitigate any usability problems as
early as possible, before they were exposed to end users during
usability testing and in formal clinical trials. This paper presents
one full cycle of our HCD process, with each phase representing
an iteration where a design update or refinement took place.
Our approach has met the specific recommendations for a HCD
process [30]. We have adopted the input of multi-disciplinary
skills and perspectives by eliciting the feedback of both an
end-user group and an appropriately experienced expert group
throughout the process. We have sought to gain an explicit
understanding of users, tasks, and environments and
consideration of the whole user experience through the adoption

of a use case that provided context of use for system tasks and
scenarios and through the examination of the perceptual and
cognitive needs of the target end user. We utilized a
user-centered evaluation driven design using standard usability
evaluation metrics at each point in the cycle. We involved users
throughout the design process, at both early and later stages.
Finally, we employed an iterative process, split into 3 stages or
phases that allowed for user feedback to be worked into design
updates.

Principal Findings
From our observation of older adults’ interactions with
smartphone interfaces, there were some recurring themes. Clear
and relevant feedback as the user attempts to complete a task
is critical (in line with contemporary literature) [31,32].
Feedback should include pop-ups, sound tones, color or texture
changes or icon changes to indicate that a function has been
completed successfully, such as for the connection sequence
(problem ID# 9). For text feedback, clear and unambiguous
language should be used so as not to create anxiety, particularly
when it comes to saving data such as in the data upload sequence
(problem ID# 6). Older adults not familiar with technology are
often afraid that they might delete something by accident or fail
to save important data properly. Warning tones or symbols,
such as a caution symbol, should only be used if absolutely
necessary. For audio feedback, clear and low frequency tones
should be used. Login sequences where the user is required to
input text with a QWERTY keyboard should be avoided
(problem ID 2), particularly for those who have no previous
touchscreen experience. If a login sequence is considered
necessary for security or identification purposes, it should be
ensured that a login process is made as simple as possible (do
not hide password, be clear about what username is required,
supply ample support documentation for process). For simple
interface elements, text sizes should be at least 10pts (Didot
system), whereas button sizes should have a surface area of no

less than approximately 200mm2 [11,33].

In terms of metrics, we used 4 different subjective measurement
systems (Likert scales, ASQ, NASA-TLX, and SUS) to assess
the usability of the interface at different stages. The Likert scales
allowed for quick satisfaction ratings of the perceived ease of
use of each task in the use case and of the suitability of interface
elements such as text and button size. The ASQ was more
suitable for postscenario ratings when the user had actually
completed the task, whereas the NASA-TLX was used to
supplement the ASQ to provide further details on what kind of
burden, be it physical or cognitive, the task placed on the user.
The SUS was utilized when the user had completed a full use
of the system and carried out all tasks. We observed that all of
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these metrics are providing the similar information, just in
slightly different resolutions, and that a mixture of metrics
allows us different insights into user perceptions of usability.
For example, in phase 3, from looking at the ASQ scores of the
login sequence, we could conclude that the user was satisfied
with the ease of the task. However, when we looked at the
NASA-TLX scores, we observed that the task was creating a
large mental demand on them. These 2 metrics, whereas showing
us seemingly conflicting pieces of information, may be telling
us that the user judged the task as being easy simply because
they completed it successfully, regardless of the difficulty they
encountered or the time it had taken them. It is only when they
think about the task in terms of the NASA metrics that they
become honest about what kind of burden the task placed on
them. The SUS was a useful general indicator of overall usability
but its wide variability (Table 17) suggests that it is best used
with larger sample sizes. High SUS scores do not guarantee the
system will not suffer usability problems in the field [34]. These
metrics are probably best used to supplement more objective
metrics such as task times and error rates.

Procedural Observations
In terms of efficiency, our methodology proved to be successful.
The utilization of the use case analysis activities during phase
1 provided a focus for all stakeholders on the context of and the
intended use of the system. The time it took for each individual
to analyze and provide feedback was on average 1 h. Within
this hour, the individual was experiencing and commenting on
context, was being formally interviewed, was filling out
questionnaires, and was providing opinions on interface
concepts. Therefore in one session the use case analysis provides
multiple streams of data, whereas in previous literature, this
kind of feedback would need to be gathered across multiple
activities, such as surveys, interviews, and ethnographic
observations. In phase 2, the use of expert inspection groups
also proved highly efficient. We recommend that research
groups and design teams maintain an inspection group who can
carry out on hand inspections of new system versions. This
group, which can comprise 4-6 members, need not necessarily
be qualified usability engineers but can be trained in techniques
such as heuristic evaluations and cognitive walkthroughs. In
terms of how long it took to complete each phase, as this was
a case study as part of a research project, the amount of time
spent on each phase was probably drawn out longer than it
would be in a more industrial setting. In all, the 3 phases
together took approximately 12 months, with phase 1 taking
the bulk of the time (approximately 6 months) as use cases were
developed and redeveloped and end users were interviewed and
tested. After the app was developed and testable, the phases
became shorter, with phase 2 and 3 taking approximately 3-4
months each. As the methodology is applied in future, it will
become more refined, allowing for quicker development cycles.

Limitations
Time and technology constraints meant that not all design
requirements could be implemented. For example, the
replacement of the manual data upload with an automatic
periodic data upload could not be implemented in time by the
engineering team. Similarly, the structure of the Android OS
meant that some user and expert recommendations could not
be implemented, particularly regarding the positioning of
pop-ups or the nature of data storage. Some design changes led
to a decrease in user experience, particularly for the fall alarm
sequence (problem ID# 11). It became clear during user testing
that the use of red and green in an emergency situation may not
be the best practice, with some users confusing the red
emergency button for a cancel button, like it may be presented
on a phone call screen (red for “hang-up”). In this case, the
design team failed to take into account the recommendation of
one expert who predicted that a red or green option may cause
confusion. We can conclude from this that taking on board
opinions from different stakeholders can present a challenge
for designers. However, the nature of our iterative methodology
meant that this problem was identified and addressed between
phase 2 and 3.

In phase 1, the older adult end users tended to be very optimistic
about how they would handle the system and the smartphone
interface, overall giving higher scores in response to Likert
statements and for the overall SUS score. Experts tended to be
more pessimistic but this was probably due to their vast
experience with older adults and technology. Most experts
conceded that the use case analysis was a hypothetical one and
that the capabilities of the older adult population are extremely
variable, however, they felt that it was an extremely useful
exercise in identifying major potential problems and addressing
them early in the design process. Despite the difference in
outlook between the experts and older adults, both groups
reached agreement on most problems, particularly about the
perceived difficulty of the login process and the lack of clear
feedback when checking the system status and during the data
upload process. We can conclude from this that utilizing
multiple perspectives from different groups is an important
feature of a good human-centered design process.

Conclusions
The HCD Methodology we have designed and implemented
based on the principles of ISO 9241-210 has produced a
functional app interface that is now suitable for exposure to
older adults in long term clinical trials. We have applied
appropriate testing techniques given the context of the interface
being assessed. We would consider this a thorough and robust
method for testing and informing design changes of all types
of interactive connected health systems.
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Abstract

Background: Severe and sustained emotional stress creates a physiological burden through increased sympathetic activity and
higher energy demand. This may lead to increased oxidative stress and development of the metabolic syndrome. Emotional stress
has been shown to contribute to the onset, progression, and control of type 2 diabetes (T2D). Stress management and biofeedback
assisted relaxation have been shown to improve glycemic control. Use of a mobile app for stress management may enhance the
scalability of such an approach.

Objective: The aim of this study was to assess the effect of using a mobile app of biofeedback-assisted relaxation on weight,
blood pressure (BP), and glycemic measures of patients with T2D.

Methods: Adult patients with T2D and inadequate glycemic control (hemoglobin A1c [HbA1c]>7.5%) were recruited from the
outpatient diabetes clinic. Baseline weight, BP, HbA1c, fasting plasma glucose (FPG), triglycerides (TG), and 7-point
self-monitoring of blood glucose were measured. Patients were provided with a stress reducing biofeedback mobile app and
instructed to use it 3 times a day. The mobile app—Serenita—is an interactive relaxation app based on acquiring a
photoplethysmography signal from the mobile phone’s camera lens, where the user places his finger. The app collects information
regarding the user’s blood flow, heart rate, and heart rate variability and provides real-time feedback and individualized breathing
instructions in order to modulate the stress level. All clinical and biochemical measures were repeated at 8 and 16 weeks of the
study. The primary outcome was changes in measures at 8 weeks.

Results: Seven patients completed 8 weeks of the study and 4 completed 16 weeks. At week 8, weight dropped by an average
of 4.0 Kg (SD 4.3), systolic BP by 8.6 mmHg (SD 18.6), HbA1c by 1.3% (SD 1.6), FPG by 4.3 mmol/l (4.2), and serum TG were
unchanged.

Conclusions: Stress reduction using a mobile app based on biofeedback may improve glycemic control, weight, and BP.

(JMIR Mhealth Uhealth 2017;5(5):e75)   doi:10.2196/mhealth.7408
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Introduction

Type 2 diabetes (T2D) is a chronic disease which has reached
epidemic proportions worldwide. Recent data show a total of
415 million patients in the world suffering from diabetes with
an expected rise to 642 million by 2040 [1]. Factors contributing
to this alarming rise in the prevalence of diabetes include obesity
compounded by a sedentary lifestyle, increasing life-expectancy,
urbanization, reduced physical activity, increased sugar
consumption, and low fruit and vegetable intake [1].

Severe and sustained emotional stress creates a physiological
burden through increased sympathetic activity and higher energy
demand. This may lead to increased oxidative stress and
development of conditions such as the metabolic syndrome,
accelerated aging, and cardiovascular disease [2]. Emotional
stress has been shown to be a significant accelerator to the
development and progression of chronic diseases in general,
and T2D in particular [3-5]. Furthermore, individuals
experiencing increased levels of stress may find it more difficult
to manage their chronic condition, often leading to its
exacerbation and resulting in increased stress.

Mind-body interventions facilitate autonomic flexibility,
enhance self-regulation, and induce a “relaxation response”
which is characterized by parasympathetic dominance, reduced
sympathetic activation, and increased heart rate variability.
Yoga includes a wide range of mind-body practices including
postures, breathing, meditation, and relaxation practices that
are reported to counteract physiological stress. Compared with
nonyoga practitioners, regular yoga practitioners are reported
to have lower heart rate, breath rate, blood pressure (BP),
metabolic rate, and higher heart rate variability. Regular yoga
practice inspires a sense of psychological and physiological
equilibrium that is different from rest, physical relaxation, and
sleep [2]. Yoga has been found to be beneficial in reducing
oxidative stress in T2D [6].

Incorporation of stress management [7,8] as well as
biofeedback-assisted relaxation [9] in the care of diabetes to
facilitate increased patient compliance and improved glycemic
control has been previously described.

Serenita is a mobile app that engages the body’s natural
relaxation response by using a personalized breathing exercise.
In this study, we assessed the effect of incorporating this novel
stress management mobile app in the care of patients with
diabetes.

Methods

Study Oversight
This was a single center study conducted in in the diabetes unit
of Hadassah Hebrew University Medical Center. The study was
approved by the Institutional Ethics Board. All subjects provided
signed informed consent (NCT 02691273).

Study Population
The study included patients aged 18 years or above with T2D
duration of at least one year who were willing to comply with

the study protocol. Patients’ hemoglobin A1c (HbA1c) was
>7.5%, and they had not attained their glycemic target as
assessed by the investigators. Access to a mobile phone—either
Android version 4 and up or iPhone 4 and up—with iOS 7 and
up was mandatory.

Patients with type 1 diabetes, pregnant women, or those
suffering from an acute disease or a chronic significantly
decompensated disorder were excluded from the trial.

Study Outcomes
This was a single-arm pilot study designed to assess the impact
of using a stress reducing mobile app on the glycemic control,
weight, and BP of patients with T2D. The main outcomes were
changes in HbA1c, triglycerides (TG), fasting plasma glucose
(FPG), 7-point daily glycemic profile, weight, and blood from
baseline to week 8. Compliance with the use of the mobile app
was to be assessed as well. Patients additionally completed a
quality of life questionnaire (SF-12) [10], as well as
questionnaires regarding multiple aspects of daily life including
sleeping hours, mood, exercise, and hunger at baseline and at
week 8. Measures were repeated at week 16.

Study Conduct
Patients attending the outpatient diabetes clinic and willing to
participate were screened for the trial. Eligible patients were
enrolled in the study.

At baseline, medical history was obtained and a physical exam
was conducted. Vital signs, weight, BP, and blood test were
taken. The patients were requested to complete a 7-point glucose
profile in the 2 days before baseline visit. Dietary counseling
in accordance with the American Diabetes Association (ADA)
clinical nutrition guidelines was delivered by a registered
dietician [5]. Each patient received detailed instructions on how
to install and operate the mobile app. Patients were requested
to fill out the SF-12 and the questionnaire regarding daily life
routine.

The patients received subsequent weekly phone calls to assess
their compliance with the mobile app, dietary recommendations,
and any further impending issues for 8 weeks, and then monthly
calls till week 16. At 8 and 16 weeks after baseline, patients
were invited to the clinic where anthropometric measures, blood
tests, and 7-point glucose measurements were reassessed, in
addition to the reinforcement of dietary guidelines and
completion of the questionnaires.

Description of the Mobile App
The mobile app—Serenita—is an interactive relaxation app
based on acquiring a photoplethysmography signal from the
mobile phone’s camera lens, where the user places his finger
[11]. Information related to the user’s blood flow, heart rate,
and heart rate variability is extracted. These signals are then
filtered and processed using a large array of algorithms and
machine learning to assess the user’s physiological stress level
and subsequently recommend real-time stress reducing
interactive breathing patterns.
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Table 1. Baseline and follow-up weight and blood pressure.

Change from
baseline

Diastolic BP
(mmHg)

Change from
baseline

Systolic BPa

(mmHg)

Change from
baseline

Weight (kg)VisitPatient #

 80 156 79Baseline1

    −2.476.6Week 8

181−8148−1.577.5Week 16

 84 126 110.2Baseline3

    −7103.2Week 8

−1569−15111−10.2100Week 16

 83 140 105.6Baseline4

18411151−3.5102.1Week 8

    −4.2101.4Week 16

 86 148 122.2Baseline8

−1175−30118−12.2110Week 8

    −12.7109.5Week 16

 90 137 74.2Baseline11

−1179−151220.274.4Week 8

     Week 16

 74 133 89.1Baseline12

−371−20113−2.486.7Week 8

     Week 16

 88 121 62Baseline14

−48410131−0.561.5Week 8

     Week 16

557NAverage (SD)b (week
8) 84.2 (6.4)135.6 (9.8)91.8 (21.7)Baseline

−5.5 (5.1)78.7 (5.8)−8.6 (18.6)127.0 (15.2)−4.0 (4.3)87.8 (17.9)Week 8

224NAverage (SD) (week
16)

82.2 (3.1)141.0 (21.2)104.3 (18.2)Baseline

−7.2 (11.5)75.0 (8.5)−11.7 (5.2)129.3 (26.4)−7.2 (5.2)97.1 (13.7)Week 16

aBP: blood pressure.
bSD: standard deviation.

Serenita encourages deep diaphragmatic breathing, often referred
to as yogic breathing, as well as coherence breathing—breathing
synchronized to the heart rate. Additionally, the app offers the
user real-time feedback on the effect of their breathing pattern
on additional physiological parameters such as heart rate and
heart rate variability and accordingly reflects to the individual
their current stress level. The mobile app optimizes the pattern
of breathing so that the user can assess his or her physiological
stress level and obtain a personalized breathing pattern to rapidly

reduce the level of stress and increase focus. Figure 1 shows
screen caps from the app.

Patients were instructed to use the mobile app 3 times a day for
10 min each session.

Statistical Analyses
This study was designed as a pilot study, and sample size
determination was not planned to meet any specific significance
and power requirements. Descriptive analyses were conducted
for all measurements in the study.
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Figure 1. Screen cap from the mobile app.

Results

Fifteen patients were screened for the study and 9 patients were
enrolled. Causes for screen failure included low HbA1c (3),
incompatible mobile phone (1), lack of home WiFi connection
(1), and personal reasons (1). Of the 9 patients enrolled, 7
completed the study. One was unable to operate the app, as the
heart rate signal was not adequately transmitted (possibly due
to thick skin in his fingers), and one was lost to follow-up after
the baseline visit. Seven patients attended the visit at week 8
and 4 attended the visit at week 16. The average age was 55
(SD 11.6), 71% (5/7) were male, diabetes duration was 11 years

(SD 7.3), and 71% (5/7) had been using insulin. Baseline, visit
8, and visit 16 weight, BP, HbA1c, FPG, and TG are shown in
Tables 1 and 2. At week 8, weight dropped by an average of
4.0

Kg (SD 4.3) from a baseline of 91.8 Kg (SD 21.7) (n=7); systolic
BP dropped in average by 8.6 mmHg (SD 18.6) (n=5); HbA1c
was reduced by an average of 1.3% (SD 1.6) from 9.0% (SD
0.7) at baseline; FPG was reduced by 4.3 mmol/l (SD 4.2) (mean
77.4 mg/dl, SD 75.6), and serum TG were unchanged (n=6).
Baseline medications remained unchanged throughout the trial,
except for a 30% increase in insulin dose of patient #11.

Figure 2. Self-monitoring blood glucose levels of the individual patients. Legend—self-monitoring of blood glucose (SMBG) levels. Solid lines—baseline,
dashed line—week 8 visit, dotted line—week 16 visit. Patient 14 did not complete SMBG.
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Table 2. Baseline and follow-up biochemistry analyses.

Change from
baseline

TGc (mmol/l)Change from
baseline

FPGb (mmol/l)Change from
baseline

HbA1ca (%)VisitPatient #

 1.5 8.1 7.6Baseline1

0.11.6−2.65.5−1.36.3Week 8

0.31.8−4.63.5−1.46.2Week 16

 1.7 18.5 9.7Baseline3

−0.51.2−12.95.6−4.55.2Week 8

−0.21.5−13.94.6−4.65.1Week 16

 2.3 10.7 9.1Baseline4

−0.51.8−3.17.6−0.98.2Week 8

   Week 16

 3 8.8 10.4Baseline8

   Week 8

−1.31.7−53.8−4.36.1Week 16

 0.9 5.7 9.4Baseline11

00.9−0.55.20.810.2Week 8

   Week 16

 1.6 13.5 9.2Baseline12

0.92.5−1.212.3−18.2Week 8

   Week 16

 2 8 8.8Baseline14

0.22.2−5.32.7−1.17.7Week 8

   Week 16

666nAverage (SD)
(week 8)

1.7 (0.5)10.8 (4.6)9.0 (0.7)Baseline

0.0 (0.5)1.7 (0.6)−4.3 (4.2)6.5 (3.0)−1.3 (1.6)7.6 (1.6)Week 8

333nAverage (SD)
(week 16)

2.1 (0.8)11.8 (5.8)9.2 (1.5)Baseline

−0.4 (0.8)1.7 (0.2)−7.8 (5.3)4.0 (0.6)−3.4 (1.6)5.8 (0.6)Week 16

aHbA1c: hemoglobin A1c.
bFPG: fasting plasma glucose.
cTG: triglycerides.
dSD: standard deviation.

Seven-point glucose measurements at baseline and at visits 8
and 16 are shown in Figure 2. Patients’ SF-12 and daily life
questionnaires were similar between baseline and subsequent
visits (Multimedia Appendix 1). Data regarding the cumulative
time the mobile app was used was not available due to a
technical malfunction, yet, most patients reported it was easy
for them to adhere to the program (Multimedia Appendix 1).

Discussion

Principal Findings
Our study demonstrates an improvement in weight, BP, and
glycemic parameters of patients provided with a stress reducing
mobile app, in addition to standard of care.

The use of biofeedback-assisted relaxation in patients with T2D
has been previously described. Mcginnis et al randomized 39
patients to a regimen of either 10 sessions of biofeedback and
relaxation or 3 sessions of education. Biofeedback and relaxation
were associated with significant decreases in average blood
glucose, HbA1c, and muscle tension compared with the control
group [9].

Jyotsna et al randomized 120 patients to either standard diabetes
care or to a yogic breathing program for 6 months. At 6 months,
quality of life and postprandial plasma glucose significantly
improved in the group practicing yoga compared with baseline,
but there was no significant improvement in the FPG and in
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HbA1c [12]. Biofeedback has also been shown to reduce food
craving [13] as well as BP [14,15].

There may be multiple mechanisms whereby
biofeedback-assisted relaxation or yogic breathing may improve
glycemic control. Activation of the sympathetic system during
stress increases cortisol levels and insulin resistance.
Biofeedback has been shown to decrease multiple aspects of
the chronic physiological stress response including muscle
tension, peripheral vasoconstriction, heart rate, cortisol, and
cathecolamines. Biofeedback may also carry psychological
effects such as an improved sense of control and better problem
solving [8]. Diabetes control is largely dependent on the
compliance of the patient with the drug and dietary regimen
prescribed and patient empowerment is an inseparable aspect
of diabetes care [16]. Improved problem solving and sense of
control as well as reduction of depression, anxiety, and improved
sleep patterns secondary to biofeedback may also contribute to
improved glycemic control [14].

Strength and Limitations
The benefit of our approach of incorporating a mobile app stress
reducing technique is its scalability. The app can be delivered
to thousands of patients without incurring the cost of face-to-face

classes of yogic breathing or biofeedback. In the current era
where the use of mobile devices is increasing rapidly,
incorporating mobile apps in the motivational programs for
patients with diabetes may be effectively cost reducing.

Several limitations to our report must be recognized. The study
was designed as a pilot study, and the number of patients
completing the trial was small. Additionally, the trial included
both the use of the mobile app as well as dietary consultation
and weekly phone contact. Although patients had long-standing
diabetes and were already well educated in the concepts of
healthy diabetes nutrition, there are still well-recognized benefits
of a “refresher” course in medical nutrition therapy, particularly
when paralleled by weekly motivational calls. Finally, due to
technical reasons, data regarding the extent of use of the app
was not available, therefore, it is not possible to assess whether
the extent of clinical benefit correlated with the extent of app
usage.

Nevertheless, the results of the study as well as the positive
feedback received from our patients encourage expansion of
the study to a larger-scale randomized trial, wherein patients
are randomized to standard of care alone or with the addition
of the mobile app.
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Abstract

Background: Adverse drug reactions (ADRs) cause significant morbidity and mortality. Improved assessment of ADRs to
identify the causal relationship, the severity, and the preventability will aid ADRs prevention or reduce patient burden.

Objective: The aim of this study was to develop mobile apps in assisting clinical decision in ADR assessments of causality,
severity, and preventability using validated tools. The usability of the apps was assessed.

Methods: We designed mobile apps using validated assessment tools for ADRs. They are the Liverpool ADRs Causality
Assessment Tool, Hartwig’s Severity Assessment Scale, and the Modified Schumock and Thronton Preventability Scale. The
apps were named “Adverse Drug ReactionCausality,” “Adverse Drug ReactionSeverity,” and “Adverse Drug RxnPreventability.”
A survey was conducted using the System Usability Scale (SUS) to assess the usability of the developed apps among health care
professionals.

Results: These apps are available for download through Google Play Store for free since January 2015. From the survey, the
mean SUS score was 70.9 based on 26 responses from the pediatric ward of Hospital Ampang, Malaysia.

Conclusions: The developed apps received an overall acceptable usability among health care professionals. The usage of these
apps will improve detection, assessment, and avoidance of future ADRs. They will also contribute to future research on ADRs,
thus increasing drug safety.

(JMIR Mhealth Uhealth 2017;5(5):e78)   doi:10.2196/mhealth.6261

KEYWORDS

mobile applications; computer-assisted decision making; drug monitoring; pharmacovigilance; adverse drug reactions

Introduction

Adverse drug reactions (ADRs) cause significant mortality and
morbidity in patients [1-5]. The World Health Organization
(WHO) defines an ADR as a response to a drug that is noxious
and unintended and occurs at doses normally used in man for

prophylaxis, diagnosis, or therapy of disease, or for modification
of physiological function [6]. Previous studies have shown that
ADRs were the cause of 3% of all hospital admissions in the
pediatric population and that 10% of children suffer an ADR
while in hospital [7]. Similar numbers are seen in adult patients
[8]. ADRs have been estimated to cause 3% of all deaths in the
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general population and up to 5% of deaths in hospitalized
patients [4].

Previous studies have shown that the combined use of mobile
technology and mobile apps software in health care offer various
benefits to many parties including health care professionals,
patients, management, and even stakeholders [9-13]. Mobile
technology facilitates efficient delivery of services to patients.
It also improves quality and effectiveness of services to the
benefit of patients [14,15]. However, the use of apps in health
care services does not seem as extensive as compared with other
services such as social or public services [10,16]. Research in
this area is needed to keep up with the increasing number of
ADRs and integrate new knowledge with the rapidly advancing
technology [9].

According to the WHO, ADR causality assessment is “a method
by which it estimates the relationship concerning the agent
(which is the drug) and the adverse reactions” [17]. It assesses
the causal connection between the drugs and their adverse
effects. Assessment of ADRs causality will give an advantage
in the ability to classify the relationship, improve scientific
evaluation for each individual ADR, and thus enable for an early
warning system for clinicians, pharmacists, and health regulators
[18-20].

The term severity in ADRs is used to describe the intensity of
the adverse drug reaction [21,22]. Similar to causality
assessment, severity assessment of ADRs are also crucial in
epidemiological studies. The ability to classify the severity of
ADRs will provide a mechanism for the health care workers
and authorities to identify the problem areas and improve the
intervention for patient care that would reduce the burden of
ADRs [7,23,24].

Assessment of preventability is important for ADRs as it gives
important information to improve prescription practice and
enhance patient monitoring [16,24]. Although the assessment
of each ADR’s causality, severity, and preventability is crucial
to provide important drug safety information, relatively few of
these assessments are being performed [7].

This study was designed to develop apps for the aforementioned
ADR assessments using validated tools. The apps can be
downloaded on a mobile phone or mobile devices, which are
then adapted to improve knowledge on ADRs and ultimately
drug safety in health care.

Methods

Assessment Tool for Adverse Drug Reaction (ADR)
Causality, Severity, and Preventability
There is currently no operational tool that has been proven as
a gold standard for each ADR assessment of causality, severity,

and preventability; therefore, the most widely used or accepted
operational tools were selected for the development of our apps.
Each of these tools has been validated by previous studies
[16,25-29].

The ADR causality app was developed using the Liverpool
ADR causality assessment tool [28]. This is a
questionnaire-based classification for suspected ADRs using
an algorithm built by a multidisciplinary team from the
University of Liverpool in 2012. The algorithm classifies the
suspected ADRs as definite, probable, possible, or unlikely.
Results from a systematic review on assessment of ADR
causality showed that the Naranjo algorithm was the most
frequently used tool [7]. However, the Liverpool ADR causality
assessment tool showed full range of causality category and
good interrater reliability (IRR) compared with Naranjo
algorithm. Thus, this tool was used in developing the ADR
causality app [28].

The ADR severity app was developed based on the Hartwig’s
Severity Assessment Scale [24], which is the most commonly
used severity tool in ADR studies. It classifies the ADR into
mild, moderate, or severe based on level of clinical outcomes
[7].

The ADR preventability app was developed using the Modified
Schumock and Thornton Preventability Scale [29], which is the
most frequently used scale in ADR studies in children [7]. It is
a questionnaire on the criteria for determining preventability of
ADRs based on clinical circumstances surrounding the ADR.
The category of preventability is either definitely preventable,
probably preventable, or not preventable.

Development and Publishing the App Into Google Play
Store
The apps were developed using the rapid application
development (RAD) model [30]. Using this model, the
development processes are divided into three main phases which
are preproduction, production, and postproduction.

For the development of the ADR assessment apps, Windows
8.1 by Microsoft was used as the operational system. MIT App
Inventor Tool version 2.3.0 [31] was used during the production
process and aiStater emulator [32] was then used to provide
communication between App Inventor running in the browser
and other parts of App Inventor. App Inventor is a free,
cloud-based service accessed with a Google account.

After all the production phases were completed, the app was
then saved in an APK file and then uploaded into the Google
Play Developer Console. Once the ADR assessment app was
published in Google Play Store, it could then be downloaded
and installed for free by Android OS users.

Table 1. Adverse drug reactions (ADRs) assessment tool.

App nameReferenceAssessment tool

Adverse Drug ReactionCausalityLiverpool Adverse Drug Reaction Causality Assessment Tool [28]Causality assessment

Adverse Drug ReactionSeverityHartwig’s Severity Assessment Scale [24]Severity assessment

Adverse Drug RxnPreventabilityModified Schumock and Thronton Preventability Scale [29]Preventability assessment
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The apps were designed without storage capacity to avoid issues
regarding patient confidentiality or personal data. Therefore,
information input into the system is not available to anyone.
The apps are also accessible for offline use. The details for each
ADR app and the references used are shown in Table 1.

Testing and Measure of App Usability
The System Usability Scale (SUS), a reliable and low-cost
usability scale, was used to assess the usability of the ADR app.
SUS is a 10-item scale presented with a 5-point Likert scale,
which results in an overall score from 0 to 100 that indicates
the perceived usability of the interface [33].

A survey was conducted among 26 health care professionals in
the pediatric ward of Hospital Ampang, Malaysia, where they
were asked to answer the SUS questionnaire. The survey was
conducted 10 months after the introduction of the apps among
staff at the pediatric ward of Hospital Ampang.

Results of the SUS questionnaire were recorded and normalized
using SPSS version 20 (IBM Corp). The mean SUS score and
the standard deviation (SD) were then recorded. Products with
scores <70 were considered candidates for increased scrutiny,
and continued improvement was judged to be marginal at best
[34].

Results

App Development and Publication
The developed apps were published in Google Play Store on
January 22, 2015. All 3 apps were considered to have fulfilled
the objective of the development. The apps were freely
downloadable from Google Play Store from February 2015.
Exemplar screenshots for each app are shown in Figure 1 for
causality, Figure 2 for severity, and Figure 3 for preventability.

Up until January 20, 2017, a total of 609 users have downloaded
the apps. The total installer, installer by country, and ranking
statistics for each ADRs assessment app are shown in Table 2.
The highest numbers of downloads were for the causality app
followed by the severity and preventability apps. The installers
were mainly from India and Malaysia for all the apps.

App Usability Among Health Care Professionals
Of the 26 health care professionals involved in the survey, 19
(73.1%) of the respondents were physicians, 6 respondents
(23.1%) were nurses, and 1 respondent (3.8%) was a pharmacist.
The mean SUS score was 70.9 (SD 12.86). The results showed
that the SUS score was >70; thus, the app tested is within the
acceptable range of usability [34]. Table 3 depicts the responses
to the usability-related questions.

Figure 1. Exemplar of adverse drug reaction (ADR) causality assessment tool screenshot.
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Figure 2. Exemplar of adverse drug reaction (ADR) severity assessment tool screenshot.

Figure 3. Exemplar of adverse drug reaction (ADR) preventability assessment tool screenshot.

Table 2. Statistics of adverse drug reaction (ADR) assessment apps from Google Play Store.

Adverse Drug RxnPrevenrabilityAdverse Drug ReactionSeverityAdverse Drug ReactionCausalityCharacteristics

135200274Total installers

India 48 (35.5)Malaysia 70 (35)India 77 (28.1)Installer by country (%)

Malaysia 31 (23.0)India 61 (30.5)Malaysia 69 (25.0)

Qatar 16 (11.9)Qatar 17 (8.5)Saudi Arabia 43 (15.6)

Others 40 (29.6)Saudi Arabia 17 (8.5)South Africa 17 (6.3)

South Africa 17 (8.5)United States 17 (6.3)

Others 18 (9)Others 51 (18.7)

4.505.004.75Average ratings
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Table 3. Usability questions and summary of responses (N=26).

Strongly
agree

n (%)

Agree

n (%)

Neutral

n (%)

Disagree

n (%)

Strongly
disagree

n (%)

Answer option

2 (8)21 (81)3 (11)0 (0)0 (0)I think that I would like to use this system frequently

0 (0)3 (12)8 (31)10 (38)5 (19)I found the system unnecessarily complex

6 (23)18 (69)1 (4)1 (4)0 (0)I thought the system was easy to use

0 (0)6 (23)3 (12)11 (42)6 (23)I think that I would need the support of a technical person to be able to use this system

2 (8)14 (53)7 (27)2 (8)1 (4)I found the various functions in this system were well integrated

0 (0)2 (8)9 (35)12 (45)3 (12)I thought there was too much inconsistency in this system

8 (31)14 (54)4 (15)0 (0)0 (0)I would imagine that most people would learn to use this system very quickly

0 (0)4 (16)5 (19)12 (46)5 (19)I found the system very cumbersome to use

3 (12)16 (61)7 (27)0 (0)0 (0)I felt very confident using the system

0 (0)3 (12)3 (12)15 (57)5 (19)I needed to learn a lot of things before I could get going with this system

Discussion

Principal Findings
The causality app had the highest number of installers so far.
This seems to be similar with previous 102 published ADR
studies where causality was the most common assessment
conducted in suspected ADR cases [7].

Based on the country of origin, the highest percentage of
installers were from India for all of the ADR apps published.
India is currently working to strengthen its pharmacovigilance
program due to the rapidly growing number of ADR studies in
the country [35-38]. We expect that our ADR apps would be
able to assist not only Indian researchers and clinical researchers
but also any center conducting research on drug safety.

The apps usability among health professionals in the hospital
was assessed using SUS, which consisted of 10 alternate
statements of positive and negative items rated using a 5-point
Likert scale. Our survey results show that the apps developed
have a mean SUS of 70.9 (SD 12.86), thus demonstrating
acceptable usability.

The health care professionals that used the apps concluded that
the apps were convenient and they would choose them over
conventional paper-based assessments. Previous studies have
found that the use of apps in health care is cost-effective, faster,
easier, and more interactive due to factors of mobility,
convenience, and involvement of active touching of the screen
to perform the assessment [11,39]. The apps are also secure, as
they do not store any information from the data inputted into
the app [40].

The use of medical apps by health care professionals and
researchers, and the numbers of these apps are increasing
rapidly. Apps can give additional advantages at the point of
care such as in diagnosis, monitoring, reporting, or follow-up

of treatment [12]. The increased usage of mobile phone or
mobile device apps warrant further studies evaluating their
utility and effectiveness on a larger scale.

Limitations
We have identified a few limitations of the apps. On a basic
level, there is no assessment tool universally accepted or
described as the gold standard for ADRs either for causality,
severity, or preventability. We chose the most widely used and
validated algorithms and scales to develop the apps; however,
we recognize that not all researchers will agree with the
algorithms chosen in development of ADR assessment.

Second, the apps have only been evaluated by health care
professionals from the pediatric department in a hospital setting.
Further evaluation is necessary to gain more feedback from a
wider range of users.

Finally, the aesthetics of the app contents in terms of color, text
letters, and pictures have been optimized; however, there is
room for improvement to make the apps more attractive.

We are continuously working to update and upgrade the apps.
Future research is needed to test the usability of the apps in
varying populations and to add several other commonly used
algorithms or tools in ADRs assessment. Research to highlight
the context and content of the apps should also be designed
specifically for health care professionals, researchers, and
regulators.

Conclusions
These ADR assessment apps will aid health care professionals
in determining the causality, severity, and preventability of
ADRs. This is aimed to contribute toward efforts to reduce the
burden of ADRs on patients. The SUS score data showed that
the apps have acceptance usability among health care
professionals. They will also support future research to enhance
overall safety relating to drugs given to patients.
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Abstract

Background: Mobile technology interventions (MTI) are becoming increasingly popular in the management of chronic health
behaviors. Most MTI allow individuals to monitor medication use, record symptoms, or store and activate disease-management
action plans. Therefore, MTI may have the potential to improve low adherence to medication and action plans for individuals
with asthma, which is associated with poor clinical outcomes.

Objective: A systematic review and meta-analysis were conducted to evaluate the efficacy of MTI on clinical outcomes as well
as adherence in individuals with asthma. As the use of evidence-based behavior change techniques (BCT) has been shown to
improve intervention effects, we also conducted exploratory analyses to determine the role of BCT and engagement with MTI
as moderators of MTI efficacy.

Methods: We searched electronic databases for randomized controlled trials up until June 2016. Random effect models were
used to assess the effect of MTI on clinical outcomes as well as adherence to preventer medication or symptom monitoring. Mixed
effects models assessed whether the features of the MTI (ie, use of BCT) and how often a person engaged with MTI moderated
the effects of MTI.

Results: The literature search located 11 studies meeting the inclusion criteria, with 9 providing satisfactory data for meta-analysis.
Compared with standard treatment, MTI had moderate to large effect sizes (Hedges g) on medication adherence and clinical
outcomes. MTI had no additional effects on adherence or clinical outcomes when compared with paper-based monitoring. No
moderator effects were found, and the number of studies was small. A narrative review of the two studies, which are not included
in the meta-analysis, found similar results.

Conclusions: This review indicated the efficacy of MTI for self-management in individuals with asthma and also indicated that
MTI appears to be as efficacious as paper-based monitoring. This review also suggested a need for robust studies to examine the
effects of BCT use and engagement on MTI efficacy to inform the evidence base for MTI in individuals with asthma.

(JMIR Mhealth Uhealth 2017;5(5):e57)   doi:10.2196/mhealth.7168

KEYWORDS

asthma; mhealth; medication adherence; patient monitoring; behavior and behavior mechanisms; meta-analysis

Introduction

Background
Asthma is a chronic inflammatory disease of the airways that
is characterized physiologically by excessive variation in airflow

and manifests symptomatically as repeated episodes of
coughing, wheezing, shortness of breath, and chest tightness
[1]. Asthma affects 2.5 million Australians (11%) across the
lifespan [2].
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In terms of treatment recommendations, the National Asthma
Council Australia and Global Strategy for Asthma Management
and Prevention have recommended the use of personalized
action plans and daily preventer medications to manage the
illness [1,3]. Action plans are associated with improved clinical
outcomes through incorporation of appropriate education,
self-monitoring of symptoms and medication use, and review
of symptoms by the individual between physician visits [4]. In
more severe patients, daily preventer treatment is associated
with a reduced risk of death, as well as asthma exacerbations,
thus requiring hospitalization or oral steroid with their related
side effects [5,6].

Despite current guidelines recommending action plans and daily
preventer medication, patients’ actual adherence to either
treatment remains low. In 2015, only 28.10% (702,500/
2,500,000) of Australians with asthma had an action plan [2].
Similarly, medication adherence is also suboptimal, with only
59.63% (1601/2685) of those with asthma reported using
preventer medication at least once within a 12-month period,
and only 33.89% (910/2685) reporting daily use [6]. Objective
data on the dispensing of prescriptions for asthma preventer
medication indicate that less than 18.00% (253,123/1,406,240)
of those with asthma use preventer medication daily [7]. A
longitudinal study following middle-aged adults with asthma
over 12 months found that 73.8% (259/351) used inadequate
preventer medication [8]. This is concerning, as research
suggests that appropriate use of preventer medication could
protect against progressive decline in lung function, which is
associated with increasing asthma severity [8].

Lower adherence is associated with individuals who perceive
their asthma to be an acute condition with few adverse personal
consequences and thus has a lower perceived necessity for the
preventer treatment [9]. The Common Sense Model of Illness
[10] provides a theoretical explanation for asthma nonadherence.
Information provided to the individual should inform perceptions
of the causes, consequences, controllability, identity, and
timeline of asthma, which drive coping responses around
adherence, management, and so on. This in turn should as a
consequence have positive effects on clinical outcomes, that is,
exacerbation rates, hospitalizations, and so on [10].

Mobile Technology Interventions
Mobile technology interventions (MTI) can provide an external
source of self-management support, allow for accurate real-time
symptom and medication monitoring, and use built-in reminders
to adhere to treatment, as well as can store and activate action
plans. Studies suggest that over 80% of people with asthma are
willing to use MTI, and quantitative studies suggest that it is
an acceptable medium for assisting asthma self-management
[11,12]. This might be facilitated by MTI providing a feeling
of support that positively influences individuals’ ability to cope
with their asthma [13], for example, by identifying
asthma-related stressors [11]. It is also suggested that MTI may
improve the quality of care and asthma-management skills as
well as allow for greater understanding of client attitudes,
interpretation, and misconceptions of their asthma management
[14]. Further, MTI have shown positive short-term behavioral
outcomes for self-management medication in diabetes and for

antiretroviral therapy [15]. However, physicians have
highlighted major concerns to MTI use including increased time
and resource demands, accuracy of information, liability, and
patient confidentiality [14].

Research on behavioral interventions suggests that emphasizing
specific behavior change techniques (BCT) in MTI allows
clearly defined objectives for intervention development and
therefore improved replication [16]. A recent review of mobile
intervention applications for medication adherence found that
action plans, prompt or cues, self-monitoring, and feedback on
behavior were the most commonly used BCT, but at the same
time that most recent mobile applications made limited or no
use of BCT [17]. Using BCT in MTI has several advantages:
As observable working components of MTI, BCT allow for
replication and creation of a sustainable evidence
base—basically, it becomes easier to compare MTI efficacy
based on their contents and develop more effective MTI on this
evidence base. Further, the theoretical underpinning of BCT
allows understanding and identifying the mechanisms of change
in adherence behavior and informs future improved MTI
development [16]. BCT can therefore increase the likelihood
of MTI efficacy to improve medication adherence [17], in
particular, if they are being deployed within a well-functioning
health care provider-patient relationship [11], and the BCT align
with the therapeutic approach to self-management. Currently,
it is unclear to what degree MTI for asthma management apply
evidence-based BCT or provide evidence-based content.

Behaviour change techniques, including action plans,
self-monitoring, and feedback on behavior, may be unsuccessful
unless the individual engages with the MTI. Engagement with
the MTI is in itself a quantifiable measure, ie, how often the
individual sends or responds to the MTI [18], and indeed the
efficacy of the MTI is likely to be dependent on the active
engagement of the individual [19]. However, the reporting of
such engagement with MTI has been poor, and engagement
appears to be widely variable [18].

MTI in Asthma: The Present Review
There have been two reviews of MTI in asthma
self-management. Belisario and colleagues [20] conducted a
systematic review and meta-analysis of two MTI of asthma
self-management and found insufficient evidence to draw a
conclusion. Tran and colleagues [21] conducted a systematic
review of 6 MTI of asthma self-management and found MTI
was associated with greater medication adherence compared
with standard treatment, but this did not translate to
improvements in quality of life, symptom control, or lung
function. These studies highlighted the need to identify studies
that included evidence-based techniques of MTI, which
successfully instigated changes and sustainability of
self-management behavior.

Aims of This Review
This study therefore aimed to investigate the efficacy of MTI
for adherence (medication and self-monitoring) and clinical
health outcomes (lung function, quality of life, asthma control,
and unscheduled visits) in individuals with asthma. In addition,
we conducted explanatory analyses to answer the following
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important theoretical and applied research questions: (1) Is MTI
more efficacious than standard treatment or paper-based
monitoring? (2) What behaviour change techniques are effective
via mobile technology interventionsI? (3) Does engagement
with the MTI enhance outcomes?

Methods

Literature Search, Inclusion Criteria, and Study
Selection
This review adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA, [22]). A
systematic literature review was conducted using Medical
Literature Analysis and Retrieval System Online (MEDLINE),
PsychNet, Scopus, and Web of Science to collect published
studies as well as ProQuest Dissertations and Theses Global
and ClinicalTrials.gov for relevant trials or unpublished studies.
In addition, the reference lists of included studies and applicable
systematic reviews were hand searched to identify additional
studies. Titles, abstracts, and keywords were used to identify
relevant studies (refer to Multimedia Appendix 1 for the full
search strategy).

We included any randomized controlled trial using an MTI
where the primary target of the MTI was the individual with
asthma. Therefore, trials with children were excluded if the
parent was responsible for asthma management. MTI were
included if they used any mobile device that was currently
available (ie, smart phone, tablet, or mobile phone) and any

platform of delivery that incorporated at least one target behavior
(ie, text message, application, music file). Papers not written in
English were excluded. Screening individuals with asthma can
result in improved asthma control over the proceeding week
[23]. Therefore, to ensure that any changes in outcomes were
due to the MTI, only the papers that exceeded the study duration
of 1 month were included. The search was completed on the
June 30, 2016, with the identification of 61 potential studies.
Full texts of all eligible studies were retrieved and assessed
against the inclusion criteria by LM and reviewed through
discussion with BS. There were 11 studies included in the
systematic review, with 9 included in the meta‐analysis, on
the basis of sufficient data. A flowchart of the study selection
process can be found in Figure 1. The studies excluded from
the full-text review and their reasons for omission can be found
in Multimedia Appendix 2.

Study Characteristics
For each study, we extracted publication characteristics (eg,
year of publication), the study design (eg, type of intervention,
MTI characteristics), the sample (eg, female percentage, mean
age, asthma severity), and the outcome variables (eg, adherence,
symptom monitoring, lung function, quality of life) at pre- and
postintervention or at change between pre- and postintervention
time points. Data from the end point were taken for those studies
reporting data over multiple times. A complete list of the
extracted characteristics from all the identified studies included
in the meta-analysis and the narrative review can be found in
Multimedia Appendix 3.

Figure 1. Flowchart of the study selection process for the systematic review and meta-analysis.
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Classification of BCT
None of the included studies specifically mentioned any
behaviour change technique. We used the behavior change
technology taxonomy [16] to code the features of the MTI. This
taxonomy identifies 93 distinct and evidenced-based techniques
within 16 categories of behavior-change interventions. The
features of any paper-based monitoring and standard treatment
groups were also classified according to the taxonomy for each
of the included studies.

Risk of Bias Assessment
The quality of the included manuscripts was assessed according
to the Cochrane Risk of Bias Guidelines [24]. The Cochrane
Risk of Bias dimensions included random sequence generation,
allocation concealment, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other bias
[24]. The option of “blinding participants and personnel” was
excluded because participants could not be blinded as to whether
they did or did not receive the MTI. LM assessed the risk of
bias in the included studies, which was reviewed through
discussion with BS. Each domain was judged as “low,” “high,”
or “unclear.”

Primary and Secondary Outcomes
The primary outcomes were clinical health markers (ie, lung
function, quality of life, asthma control, and unscheduled visits
to the general physician or the emergency department) as well
as frequency of self-monitoring and medication behaviors
(adherence). Secondary outcomes were the type and number of
behaviour change technique used and the frequency of mobile
technology intervention use (engagement) .

Meta-Analytic Strategy
The most frequently reported effects were postintervention
unstandardized means and standard deviations, or change from,
and therefore Hedges g was the effect measure used for the
meta‐analysis. If available, change data were used in
preference to postintervention data, as change scores provide a
more powerful estimate of the intervention effect [24].
Bias-corrected Hedges g was reported to account for the
positively biased estimate of an effect size when sample sizes
are small, which was common in the included studies [25].

The meta-analytic procedure was conducted using the R
“metafor” package [26] applying a random effects model on
pooled effect sizes of primary and secondary outcomes. The
assumption of the random effects model is that variability
between effect sizes is due to real between-study differences
and allows for generalizability of findings beyond the included
studies [27]. It was hypothesized that studies in the
meta-analysis would provide multiple effect sizes because
different outcome variables were being assessed. The magnitude
of the effect was interpreted as small (0.20), moderate (0.50),
and large (0.80) [25].

Heterogeneity of effect sizes was measured using Q and

I2statistics. Caution should be taken when interpreting these
statistics as they are often imprecisely estimated in the presence
of a small number of studies, as in this meta-analysis [24].
Funnel plots were visually examined to assess for publication

bias. No tests of funnel plot asymmetry were conducted due to
the small power of the test in a small sample of studies [24].

Mixed-effects meta-analysis was used to perform the categorical
and continuous moderation analyses. Due to overlap in BCT
between MTI and paper-based monitoring, only studies
comparing MTI with standard treatment were included in the
BCT moderation analyses. BCT were aggregated to 4 categorical
variables (self-monitoring with feedback, self-monitoring only,
prompting only, other) and were entered as categorical
moderators. All relevant behavior change technique taxonomies
(BCTT), with the exception of “Instruction on how to perform
the behavior” (BCTT 4.1) and “Information about health
consequences” (BCTT 5.1), contributed to the number of BCTT
in the MTI group. Behavior change technique taxonomies 4.1
and 5.1 were excluded as they were also commonly used in the
standard treatment group.

A categorical moderation analysis was used to assess the within-
and between-group variability of effect sizes using a
dummy-coded categorical factor to indicate the moderators.
Categorical moderation is indicated by a significant
between-group statistic (QM).

The numbers of BCT used in MTI and engagement with MTI
were entered as continuous moderators for the effect size
estimates, and the standardized regression coefficient of the
moderator was examined for statistical significance. In addition,

the R2statistic indicates how much of the variation between
studies can be explained by the model containing the moderator,
relative to the total variation.

Results

Study Characteristics
Table 1 shows the population characteristics of the included
studies. The mean sample size of 11 included studies was 103,
ranging from 16 to 288. The mean study duration was 17 weeks,
ranging from 12 to 24 weeks. The age of participants ranged
from 10 years to about 65 years, with a mean age of 34 years,
and the percentage of female participants was 61.1% (583/954).
Asthma severity varied from mild to severe persistent asthma,
but the method used to assess this was reported only in 5 studies
[28-32].

The effect sizes for MTI were computed from comparisons of
MTI with paper-based and standard treatment. Three studies
compared MTI with paper-based [29,31,32], one with
paper-based as well as standard treatment [30], and the
remaining studies compared MTI with standard treatment.

Four studies used MTI with a mobile app platform (MTI-App)
and the remaining 7 used MTI with a short message service
platform (MTI-SMS). Interactivity, that is, how often the person
sent or received content from the MTI, ranged from daily to
weekly, with daily being the most common (55%, 6/11) followed
by twice daily (36%, 4/11). Seven of the studies used tailoring
in the form of feedback based on individuals’symptoms [28-34].
One study sent tailored SMS based on faulty illness perceptions
[35]. Four studies explicitly stated the application of behavior
change theories when designing their MTI [32,35-37]. These
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included the Health Belief Model [38], Illness Perceptions for
Adherence [39], and Monitoring in Chronic Disease [40]. Seven

studies did not report a theoretical model for their MTI
[28-31,33,34,41].

Table 1. Study population characteristics of included studies.

Asthma severityFemale %Mean age in years (range)N (Duration in weeks)CountryYearLead author

Moderate (?a)44 (7/16)25 (18+)16 (16)Croatia2005Ostojic [31]

Moderate to severe (?)51 (45/89)52 (18+)120 (24)Taiwan2007Liu [29]

Poorly controlled (94%)59.2 (71/120)55 (21+)120 (12)Singapore2010Prabhakaran [33]

Moderate to severe (69%)46 (12/26)32 (18-45)26 (12)Denmark2010Strandbygaard [41]

Moderate to severe (73%)42 (30/71)38 (18-65)150 (12)China2012Lv [30]

Nonadherence (100%)68.0 (100/147)? (16-45)147 (18)UK2012Petrie [35]

Poorly controlled (100%)62.5 (180/288)49 (12+)288 (24)UK2012Ryan [32]

Moderate to severe (?)47 (7/15)14 (10-16)30 (15)USA2012Yun [37]

Moderate to severe (?)57 (12/21)13 (10-16)30 (16)USA2013Yun [36]

Mild to severe (?)53 (47/89)33 (25-41)136 (12)Turkey2015Cingi [28]

Moderate to severe (58%)100 (72/72)31 (18+)72 (24)Australia2016Zairina [34]

aValue could not be identified in the study.

Classification of BCT
There were 10 distinct behaviour change techniques identified
within the included studies across 8 categories (Tables 2 and
3) “Instruction on how to monitor symptoms and medication”
as well as “Information on health consequences” appeared to
represent the standard education provided to asthma participants
as part of their standard treatment and was used across all
groups. All MTI-App used self-monitoring of symptoms or
medication, compared with 44% (4/9) of MTI-SMS. Prompt or

cues were used in 78% (7/9) of MTI-SMS compared with 25%
(1/4) of MTI-App. Action planning was a lot more common in
MTI-App (75%, 3/4) than MTI-SMS (11%, 1/9). Paper-based
monitoring utilized similar BCT as MTI-App but did not provide
feedback or social support from an external source. “Feedback”
was categorized as individuals receiving feedback based on
their symptoms or medication being monitored. “Social support”
(practical) differed from feedback, as the participant could send
a message to their physician or the investigators for responses
to questions they had.

Table 2. Classification of behavior change technique taxonomy for each included study.

Comparator TypeMTIMTIaPlatformYearLead author

Paper-based: 2.3; 4.1; 5.12.3; 2.6; 2.7; 3.2; 4.1; 5.1MTI-SMSb2005Ostojic [31]

Paper-based: 1.4; 2.3; 2.6; 4.1; 5.11.4; 2.3; 2.6; 4.1; 5.1MTI-Appc2007Liu [29]

Standard treatment: 4.12.3; 2.7; 3.2; 4.1; 7.1MTI-SMS2010Prabhakaran [33]

Standard treatment: 4.1; 5.14.1; 5.1; 7.1MTI-SMS2010Strandbygaard [41]

Paper-based: 1.4; 2.3; 4.1; 5.1

Standard treatment: 4.1; 5.1

1.4; 3.2; 4.1; 5.1; 7.1MTI-SMS2012Lv [30]

Standard treatment: ?4.2; 5.1MTI-SMS2012Petrie [35]

Paper-based: 1.4; 2.3; 4.1; 6.11.4; 2.3; 2.7; 3.2; 4.1; 5.1; 6.1MTI-App2012Ryan [32]

MTI: 2.3; 7.1

Standard treatment: ?

2.3; 2.7; 5.1; 7.1MTI-SMS2012Yun [37]

MTI: 5.1; 7.1

Standard treatment: ?

2.3; 2.7; 5.1; 7.1MTI-SMS2013Yun [36]

Standard treatment: 4.12.3; 3.2; 4.1; 7.1MTI-App2015Cingi [28]

Standard treatment: 5.11.4; 2.3; 2.7; 3.2; 5.1MTI-App2016Zairina [34]

aMTI: Mobile technology interventions.
bMTI-SMS: Mobile technology interventions with short message service platform.
cMTI-App: Mobile technology interventions with mobile app platform.
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Table 3. Behavior change technique taxonomy used by study group.

Standard treatment

n (%) (N=8)

Paper-based

n (%) (N=4)
MTIc-All

n (%) (N=13)

MTI-SMSb

n (%) (N=9)

MTI-Appa

n (%) (N=4)

Behavior change technique taxonomy

0 (0%)3 (75%)4 (31%)1 (11%)3 (75%)1.4 Action planning

0 (0%)4 (100%)8 (62%)4 (44%)4 (100%)2.3 Self-monitoring of behavior

0 (0%)1 (25%)2 (15%)1 (11%)1 (25%)2.6 Biofeedback

0 (0%)0 (0%)6 (46%)4 (44%)2 (50%)2.7 Feedback on outcomes of behavior

0 (0%)0 (0%)5 (46%)3 (33%)3 (75%)3.2 Social support (practical)

4 (50%)4 (100%)7 (54%)4 (44%)3 (75%)4.1 Instruction on how to perform the behavior

0 (0%)0 (0%)1 (8%)1 (11%)0 (0%)4.2 Information about antecedents

3 (38%)3 (75%)11 (85%)8 (89%)3 (75%)5.1 Information about health consequences

0 (0%)1 (25%)1 (8%)0 (0%)1 (25%)6.1 Demonstration of the behavior

0 (0%)0 (0%)8 (62%)7 (78%)1 (25%)7.1 Prompts or cues

aMTI-App: Mobile technology interventions with mobile app platform.
bMTI-SMS: Mobile technology interventions with short message service platform.
cMTI: Mobile technology interventions.

Risk of Bias Assessment
The results of the Cochrane Risk of Bias assessment are shown
in Figures 2 and 3, with complete details presented in
Multimedia Appendix 4.

Seven studies reported using appropriate random sequence
generation methods (computer-generated random allocation,
random order on presentation, or drawn from envelope); 4
studies did not specify the method of randomization
[29,30,36,37]. Three studies reported concealment of allocation
[32,34,35]. The remaining 8 studies were unclear as to whether
allocation was concealed. Only 2 studies addressed blinding of
participants and outcome assessors [32,34]. Although not stated,

we assume that the remaining 9 studies did not carry out blinding
of participants or outcome assessors.

Six of the studies had high risk of incomplete outcome data,
due to varying rates of dropout or missing data between the
groups [28,30,34,36], or because those who dropped out had
higher medication adherence [35] or dropped out due to
difficulty with MTI [29]. In one study, all participants completed
the study [31], and the remaining 4 studies had low and similar
dropout rates between the groups. One study provided a study
protocol, which inferred low risk of selective reporting [34].
The remaining studies were unclear on potential selective
reporting, but relevant variables appeared to be reported. No
other potential sources of bias were identified. Overall the risk
profile was quite reasonable.
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Figure 2. Cochrane risk of bias assessment: risk of bias dimension for each included study.
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Figure 3. Cochrane risk of bias assessment: summary of each risk of bias item.

Clinical Outcomes
The studies reported adherence to medication as well as
symptoms or diary entries over a time period between 12 and
24 weeks. Adherence was assessed either via prescription data
or self-report throughout the intervention or at the end of the
study. Four studies reported percentage adherence to preventer
medication at end of study [30,32,35] or change over the study
period [41]. The remaining two provided average inhaled
cortico-steroid dosage at the end of study [29,31] . Two studies
reported percentage adherence at end of study to symptom
monitoring and action plan [29] and peak expiratory flow rate
monitoring [31].

Five studies provided data on lung function in the form of mean
Forced Expiratory Volume in 1 second predicted at end of the
study [29,32] or change over the study period [30,34,41]. Four
studies provided data on change in Quality of Life (QoL) over
the study period, using the full or mini version of the
Asthma-Specific Quality of Life Questionnaire [30,32,34,41].
One study provided mean scores, at the end of the study period
only, using the Short-Form-12 Questionnaire—Physical
Component Score [29]. Four studies provided data on change
in asthma control over the study period, using the Asthma
Control Questionnaire [32,34,41] and the Perceived Control of
Asthma Questionnaire [30]. Three studies provided the
percentage of individuals with well-controlled asthma at end
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of the study [28,33,34], while 6 studies reported the percentage
of unscheduled visits at end of the study [28-33].

Five studies provided the mean percentage of engagement,
which ranged from 72% to 99% [29,31,33,36,37]. Three studies
did not provided data on engagement with the MTI [32,34] or
only median data were available [28]. A further two studies
[30,41] did not have adequate engagement data as the MTI
incorporated an SMS prompt that did not require engagement
with the system.

MTI Effectiveness by Adherence and Health Outcome
Table 4 shows the effect of MTI on adherence based on the
random effects model. Tests of heterogeneity suggested low
variation among the true effects between the remaining studies.
However, the width of the confidence intervals suggests an
imprecise estimate of heterogeneity and caution should be taken
when interpreting these results.

There was no evidence for a difference in the standardized mean
medication adherence or symptom-monitoring adherence in
studies comparing MTI with paper-based (Figures 4 and 5,
respectively). Individuals using MTI had a significantly higher
standardized mean medication adherence compared with

standard treatment (Figure 6), suggesting a moderate positive
effect.

Table 5 shows the effect of MTI on clinical outcomes based on
the random effects model. Test of heterogeneity suggested high
variation in asthma control between MTI and standard treatment
studies as well as in unscheduled visits between MTI and
paper-based studies. There was moderate to low variation among
the true effects between the remaining studies, but the width of
the confidence intervals suggests an imprecise estimate of
heterogeneity and caution should be taken when interpreting
these results.

There was no evidence for a difference in mean lung function,
QoL, asthma control, or percentage of unscheduled visits in
studies comparing MTI with paper-based monitoring (Figures
7-10). Similarly, there was no evidence for a difference in mean
lung function or asthma control in studies comparing MTI with
standard treatment (Figures 11 and 12, respectively). However,
there was evidence for a significantly higher standardized mean
QoL as well as lower mean percentage of unscheduled visits
and more well-controlled asthma in studies comparing MTI
with standard treatment (Figures 13-15)

Table 4. Hedges g and tests of heterogeneity of mobile technology intervention (MTI) for adherence.

I2g(95% CI)P fQ eP dHedges g (95%CIc)Nbk aAdherence

MTI vs Paper-based

<.01 (<.01-72.42).781.08.100.16 (-0.03 to 0.34)4504Medication

<.01 (<.01-99.55).640.22.51-0.11 (-0.45 to 0.22)1362Symptoms

MTI vs Standard treatment

<.01 (<.01-89.65).770.53<.0010.63 (0.31 - 0.94)1693Medication

aNumber of studies.
bTotal sample size across included studies.
c95% CIs around the Hedges g effect size.
dP value of Hedges g effect size.
eTest of heterogeneity.
fP value of test for heterogeneity.
gPercentage of total variability due to heterogeneity.
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Table 5. Hedges g and tests of heterogeneity of mobile technology intervention (MTI) for clinical outcomes.

I2g(95% CI)P fQ eP dHedges g (95%CIc)Nbk aOutcome

MTI vs Paper-based

41.63 (<.01- 97.54).213.1.480.16 (-0.28 to 0.60)1623Lung function

67.93 (<.01-99.04).036.79.120.33 (-0.08 to 0.74)3473QoLh

55.28 (<.01-99.56).142.24.460.16 (−0.26 to 0.57)3352Asthma control

90.51 (67.49-99.4)<.00135.5.21-0.49 (-1.26 to 0.27)4434Unscheduled visits

MTI vs Standard Treatment

46.15 (<.01-99.07).153.84.380.23 (-0.28 to 0.73)1333Lung function

31.33 (<.01-98.88).193.29.010.64 (0.19 - 1.08)1333QoLh

81.27 (33.23-99.50).00211.79>.990.00 (-0.87 to 0.87)1333Asthma control

<.01 (<.01-96.19).491.43<.0010.45 (0.20 - 0.69)2733Well controlled

<.01 (<.01-94.57).720.66<.001-0.64 (-0.90, to 0.38)2483Unscheduled visits

aNumber of studies.
bTotal sample size across included studies.
c95% CIs around the hedges g effect size.
dP value of Hedges g effect size.
eTest of heterogeneity.
fP value of test for heterogeneity.
gPercentage of total variability due to heterogeneity.
hQoL: Quality of Life.

Figure 4. Forest plot of the standardized mean difference in medication adherence between MTI and Paper-based group (PB). MTI: mobile technology
intervention.
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Figure 5. Forest plot of the standardized mean difference in symptom or diary adherence between MTI and paper-based group (PB). MTI: mobile
technology intervention.

Figure 6. Forest plot of the standardized mean difference in medication adherence between MTI and standard treatment group. MTI: mobile technology
intervention.
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Figure 7. Forest plot of the standardized mean difference in lung function between MTI and paper-based group. MTI: mobile technology intervention.

Figure 8. Forest plot of the standardized mean difference in quality of life between MTI and paper-based group (PB). MTI: mobile technology
intervention.
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Figure 9. Forest plot of the standardized mean difference in asthma control between MTI and paper-based group (PB). MTI: mobile technology
intervention.

Figure 10. Forest plot of the standardized mean difference in unscheduled visits between MTI and paper-based group. MTI: mobile technology
intervention.
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Figure 11. Forest plot of the standardized mean difference in lung function between MTI and standard treatment. MTI: mobile technology intervention.

Figure 12. Forest plot of the standardized mean difference in asthma control between MTI and standard treatment. MTI: mobile technology intervention.
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Figure 13. Forest plot of the standardized mean difference in quality of life between MTI and standard treatment. MTI: mobile technology intervention.

Figure 14. Forest plot of the standardized mean difference in well controlled asthma between MTI and standard treatment. MTI: mobile technology
intervention.
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Figure 15. Forest plot of the standardized mean difference in unscheduled visits between MTI and standard treatment. MTI: mobile technology
intervention.

MTI and Publication Bias: Funnel Plots
Across the relationships, symmetry of funnel plots was difficult
to assess due to the small number of studies (ranging from N=2
-6, mean = 3). The number of studies falling outside of the
funnel varied from 0 to 2 (refer to Multimedia Appendix 5 for
funnel plots). Two of the 4 relationships with studies outside
of the funnel (unscheduled visits between MTI and paper-based
as well as asthma control between MTI and standard treatment)
also had high heterogeneity, indicating that moderators may be
present.

Moderation of BCT on Adherence and Clinical
Outcomes
Tables 6-8 show the results of the moderator analyses. Overall,
there was not adequate evidence to determine the type or number
of BCT as moderators of adherence or clinical outcomes in
studies comparing MTI with standard treatment. However,
although the effect of number of BCT used did not reach
statistical significance, it did fully explain the variation in QoL.

Table 6. Categorical moderation analysis for within group behavior change technique (BCT) type on relationship between mobile technology intervention,
adherence, and clinical outcomes.

P bHedges g (95%CI)k aBCT TypeOutcome

.0070.54 (0.15-0.94)1OtherAdherence

.0040.78 (0.25-1.30)2Prompt Only

.710.26 (−1.10-1.62)1Monitor + feedbackLung Function

.780.17 (−0.62 to 0.97)2Prompt Only

.150.81 (−0.31 to 1.91)1Monitor + feedbackQoLc

.300.46 (−0.42 to 1.34)2Prompt Only

.40-0.59 (−1.95 to 0.77)1Monitor + feedbackAsthma Control

.510.35 (−0.7 to 1.39)2Prompt Only

.010.43 (0.09-0.77)2Monitor + feedbackWell Controlled

.050.52 (−0.52 to 0.70)1Monitor Only

aNumber of studies.
bP value of Hedges g effect size.
cQoL: Quality of Life.
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Table 7. Categorical moderation analysis for between group behavior change technique (BCT) type on relationship between mobile technology
intervention, adherence, and clinical outcomes.

I2(95% CI)fOther moderatorsBCT Typek aOutcome

P eQE dP cQM b

<.01 (<.01-97.92).830.05.490.483Adherence

73.98 (<.01-99.85).053.84.900.023Lung function

63.29 (<.01-99.85).102.72.630.233QoLg

73.80, (<.01-99.85).053.82.291.143Asthma control

23.07 (<.01-99.92).251.30.780.083Well controlled

3Unscheduled visitsh

aNumber of studies.
bOmnibus test of moderator (BCT Type).
cP value of test of moderator (BCT Type).
dOmnibus Test of other moderators not considered in model.
eP value of test for other moderators.
fPercentage of total variability due to heterogeneity.
gQoL: Quality of Life.
hMixed effects model would not fit as there was only one study per BCT Type, in the analysis.

Table 8. Continuous moderation analysis for number of behavior change technique (BCT) on relationship between mobile technology intervention,
adherence, and clinical outcomes.

I2(95% CI)gTest for other moderatorsTest of BCTTb#Hedges g (95%CI)k aOutcome

P fQE eR dP c

<.01 (<.01-99.75).530.40NA.720.07 (−0.30 to 0.44)3Adherence

58.14 (<.01->99.90).122.39.00.320.24 (−0.23 to 0.72)3Lung Function

<0.01 (<.01-99.87).390.73100.110.26 (−0.026 to 0.59)3QoLh

90.61 (52.83-99.80).00110.65.00.93−0.04 (−1.01 to 0.92)3Asthma Control

23.07 (<.01-99.92).251.30NA.78−0.09 (−0.70 to 0.52)3Well Controlled

<.01 (<.01-99.85).420.64NA.90−0.03 (−0.56 to 0.49)3Unscheduled Visits

aNumber of studies.
bBCTT: Behavior change technique taxonomy
cP value of Hedges g effect size.
dAmount of variation explained by the moderator.
eOmnibus Test of other moderators not considered in model.
fP value of test for other moderators.
gPercentage of total variability due to heterogeneity.
hQoL: Quality of Life.

Moderation of Engagement on Adherence and Clinical
Outcomes
Only 1 study provided data on engagement for studies
comparing MTI with standard treatment [33], and 2 studies
comparing MTI with paper-based monitoring [29,31]. Therefore,
there were insufficient data to determine if engagement was a
moderator between MTI and adherence or clinical outcomes.
However, there were sufficient data to test the effect of MTI on
attrition using a random effects model, although caution is
needed as this was a secondary analysis not included in the
initial plan. For what it is worth, there was no evidence for a

difference in the standardized mean attrition in studies when
comparing MTI with paper-based monitoring and standard
treatment (Multimedia Appendix 6).

Narrative Review
A narrative review was undertaken on the 2 studies that had
insufficient data for the meta‐analysis (refer to Multimedia
Appendix 3 for the study characteristics). Both studies examined
the effect of MTI on improving lung function and quality of
life compared with standard treatment [36,37]. Consistent with
findings from the meta-analysis, 1 of the 2 studies reporting on
QoL found higher levels using MTI compared with standard
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treatment [36]. Unlike the findings of the meta-analysis, both
studies reported on lung function and found improved levels
using MTI compared with standard treatment [36,37].

Discussion

Principal Findings
The aim of this systematic review and meta-analysis was to
determine the efficacy of MTI for asthma self-management.
The findings support the effects of MTI for improving adherence
and clinical outcomes in asthma [15,21] if compared with
standard treatment. Furthermore, these results are consistent
with the relationship between MTI, adherence, and clinical
outcomes in chronic illness [15] and provide an evidence base
for the content of MTI. However, more research is required to
determine the role of BCT and engagement in MTI.

The current review found that MTI had a moderate effect on
improving medication adherence when compared with standard
treatment. Further, the current review suggests that MTI indeed
do have a large effect on improving QoL and a moderate effect
on individuals achieving well-controlled asthma and fewer
unscheduled visits. This is in contrast to previous findings by
Tran and colleagues [21] that MTI does not improve clinical
outcomes. Consistent with their findings, this review found no
evidence of a difference in mean lung function. In addition, the
findings in this review are consistent with previous research on
chronic illnesses in general that found positive changes in
clinical outcomes when using MTI [15], as well as a positive
association between medication adherence and improved clinical
outcomes for individuals with asthma [5].

Although study duration was identified as a potential limitation
to finding change in clinical outcomes [21], the current review
noted similar duration in all studies, of around 3 months. The
current findings are an advance on previous attempts at
systematic reviews of MTI, as it features increased power due
to more included studies and by excluding interventions based
on telephone-call monitoring, thereby showing clearer effects
of MTI. The findings also support claims by physicians working
with individuals with asthma who proposed that MTI would
improve the quality of care [14]. However, longer duration
studies would certainly be valuable. Clinically relevant
improvements in QoL, asthma control, and lung function
between 3 and 12 months have been found when using
Internet-based self-management of asthma compared with
standard treatment over 12 months [42], which suggests
extending the duration of MTI studies. Furthermore,
improvements in QoL and asthma control from Internet-based
self-management have been sustained for up to 1.5 years after
support has ceased [43].

However, a different picture emerges when MTI effects are
compared with paper-based monitoring. Here, the current review
found no evidence of a difference in medication or symptom or
diary adherence or clinical outcomes.

This suggests 2 indirect conclusions: First, given MTI resulted
in improved adherence and clinical outcomes over standard
treatment, it suggests that providing instruction on behavior and
information about health consequences in itself is not sufficient

to improve adherence and consequent health benefits in
individuals with asthma. This is consistent with previous
findings of a similar improvement in asthma knowledge and
inhalation technique between Internet-based self-management
and standard treatment over 12 months, concluding that baseline
meetings can trigger improvements in these areas without the
need for further education [42]. Second, given that there was
no difference between MTI and paper-based monitoring, it could
suggest improvements in medication adherence and clinical
outcomes can be made by providing some feature to monitor
medication or symptoms in either electronic or conventional
paper form.

As in previous reviews [18], only few of the included studies
reported engagement, and when reported at all was widely
variable. There was insufficient detail to undertake a formal
analysis of engagement, and a secondary analysis looking at
individual dropout from the study found no evidence of a
difference between MTI and paper-based or standard treatment.
However, as MTI are probably an acceptable medium, the fact
that they are more portable and potentially more accurate than
a paper diary [11-13] points to their potential to help people
manage and cope with their asthma.

Limitations and Future Research
Similar to previous reviews supporting the efficacy of MTI in
supporting self-management of chronic illnesses in general [15],
this review provides strong evidence for at least short-term
efficacy of MTI for asthma management. This supports the need
for longer duration studies to identify not just efficacy, but also
cost effectiveness, client and physician safety, and the specific
constituent behaviour change techniques within the mobile
technology intervention that really matters most. Consistent
with previous research [15], there was much variation in the
study designs and intervention characteristics in this review,
making it difficult to draw clear associations between the
individual effects of the MTI, the specific study design, and
included BCT.

Concerning study quality, small sample size and poor
recruitment appear to be a consistent issue in research on MTI
and may lead to a lack of generalizability of findings to the
broader asthma population [15]. The asthma population varies
in regard to asthma severity, health literacy, ability for
self-management, and preference for mobile management [44],
which makes generalizing findings from single studies and even
reviews difficult. The exclusion of individuals with
comorbidities also needs addressing as these are frequent in
older individuals [1], and this may be contributing to the
exclusion of older individuals within MTI research. Furthermore,
as recent research [45] has shown that up to one-third of people
with physician-diagnosed asthma in the past 5 years do not have
current asthma; future treatment evaluations need to establish
current asthma objectively, since treatment is unlikely to be
effective in people without diagnosed current asthma. For this
study, this means that we cannot rule out that people without
diagnosed current asthma received treatment which in turn
showed no effects.

In addition, this review is limited by the degree to which the
included studies reported a theoretical basis for their intervention
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and subsequently based their interventions on this theory.
Internet and mobile-based interventions for promoting
health-behavior change have been found to be more efficacious
when incorporating more extensive use of theory, BCT, and
using text messages as mode of delivery [46]. However, current
MTI often lack a theoretical basis underlying the MTI content
[15]. In this review, less than half of the included studies
provided a theoretical basis for their MTI, and no study specified
the BCT used. Thus, the classification of BCT according to a
current taxonomy [16] is based only on the information provided
in the studies, and we cannot confirm the authors’ original
intention.

Two studies in this review found evidence to support changes
in medication adherence alongside changes in the individual’s
perception of asthma [35,41]. Illness perceptions play a role in
asthma self-management [9], with perceived changes to beliefs
around duration, control, and severity of asthma associated with
the use of MTI with self-monitoring [11,13]. If MTI with
self-monitoring indirectly changes asthma perceptions then this
validates the Common Sense Model of Illness [10] as a
theoretical framework for asthma MTI. Further exploration is
warranted on whether targeting illness perceptions alone is
sufficient for lasting behavior change and highlights the
important related question of defining whom to target with
which behaviour change technique. One of the included studies
found targeting faulty illness perceptions through MTI increased
medication adherence [35]. Paradoxically, this study also found
those with higher adherence were less likely to remain in the
study [35], suggesting that only people with partially or
uncontrolled asthma due to faulty illness perceptions would
benefit from this type of MTI.

Another study found individuals with milder asthma were more
likely to withdraw from paper-based monitoring than standard
treatment or MTI [30]. This may suggest that MTI with
monitoring is more attractive than paper-based in those with
milder severity. Given the current guidelines recommending
action plans for asthma management, an MTI that can store and
activate action plans would be suitable for any level of severity,
but presumably those at most need at the more severe end of
the range. Action plans are most effective at improving clinical
outcomes when two to four action points are included based on
asthma symptoms or peak expiratory flows [4]. The addition

of inhalation devices to electronic monitoring devices, perhaps
via Bluetooth, has been proposed to record inhalation use data
as well as inhalation technique [44]. However, increasing the
complexity of the mobile app will also lead to increases in cost
and risk to the individual with asthma and the physician, if not
adequately tested [44,47].

Perhaps the main limitation of this review was the small number
of included studies, which meant that the power of the tests was
relatively low, with a high chance of Type-2 statistical errors
[24]. On the other hand, the fact that differences were found at
all indicates stable effects. Tests of heterogeneity and effect
sizes both produced large confidence intervals, again reflecting
imprecise estimates. Furthermore, tests of publication bias could
not be performed. To validate the findings of this review and
extend the ability to do robust analyses before public use, longer
and larger studies are required that incorporate a theoretical
basis and behavior change techniques [46], and that follow
guidelines for reporting MTI [48].

Implications and Conclusion
MTI for asthma management can improve medication adherence
and quality of life, decrease unscheduled visits, and increase
the likelihood of achieving well-controlled asthma compared
with standard treatment alone. In addition, MTI appear to be
equally as efficacious as paper-based monitoring at achieving
higher medication adherence and clinical outcomes. Better
reporting of BCT and further research into long-term efficacy
of MTI for adherence behavior and clinical outcomes is needed
to create an evidence base for specific behaviour change
techniques that best support individuals with asthma.

Finally, implementation of mobile technology interventions
poses a challenge: Physicians’ concerns regarding increased
time and resource demands, accuracy of information, physician
liability, and patient confidentiality [14] must be addressed.
Furthermore, as MTI are being used to make critical decisions,
they must be tested for accuracy and reliability to reduce harm
to the individual and potential liability for the physician [47].
Increased involvement of the physician in the development and
testing phases of the MTI as well as assessment of privacy
issues, and improvements in regulation and safety checks by
regulatory bodies and the development of a risk assessment
framework for medical mobile app is warranted [44,47].
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Abstract

Background: The college experience is often the first time when young adults live independently and make their own lifestyle
choices. These choices affect dietary behaviors, exercise habits, techniques to deal with stress, and decisions on sleep time, all
of which direct the trajectory of future health. There is a need for effective strategies that will encourage healthy lifestyle choices
in young adults attending college.

Objective: This preliminary randomized controlled trial tested the effect of coaching and text messages (short message service,
SMS) on self-selected health behaviors in the domains of diet, exercise, stress, and sleep. A second analysis measured the ripple
effect of the intervention on health behaviors not specifically selected as a goal by participants.

Methods: Full-time students aged 18-30 years were recruited by word of mouth and campuswide advertisements (flyers, posters,
mailings, university website) at a small university in western Pennsylvania from January to May 2015. Exclusions included
pregnancy, eating disorders, chronic medical diagnoses, and prescription medications other than birth control. Of 60 participants,
30 were randomized to receive a single face-to-face meeting with a health coach to review results of behavioral questionnaires
and to set a health behavior goal for the 8-week study period. The face-to-face meeting was followed by SMS text messages
designed to encourage achievement of the behavioral goal. A total of 30 control subjects underwent the same health and behavioral
assessments at intake and program end but did not receive coaching or SMS text messages.

Results: The texting app showed that 87.31% (2187/2505) of messages were viewed by intervention participants. Furthermore,
28 of the 30 intervention participants and all 30 control participants provided outcome data. Among intervention participants, 22
of 30 (73%) showed improvement in health behavior goal attainment, with the whole group (n=30) showing a mean improvement
of 88% (95% CI 39-136). Mean improvement in any behavioral domains was not seen in the control group. Intervention participants
also increased their exercise significantly compared with controls, regardless of their self-selected goal category. The increased
exercise was paralleled by significantly lower fasting glucose levels.

Conclusions: The health coaching session plus tailored SMS text messages improved self-selected health behaviors with a
modest ripple effect to include unselected health behaviors.
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Trial Registration: Clinicaltrials.gov NCT02476604; https://clinicaltrials.gov/ct2/show/NCT02476604 (Archived by WebCite
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(JMIR Mhealth Uhealth 2017;5(5):e67)   doi:10.2196/mhealth.6638
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Introduction

During the transition to campus life, college students face
challenges related to eating behaviors, physical activity, stress,
and sleep [1-4]. Numerous factors may contribute to unhealthy
lifestyles among students [5]. The all-you-can-eat dining
facilities, time constraints, and lack of food preparation facilities
in the dormitories affect food choices [5]. Diminished physical
activity [6] and heightened levels of perceived stress [2],
especially in women [7], can influence weight. It has been well
documented that college students experience significant weight
gain and changes in body composition, notably in their freshman
year, putting them at higher risk for chronic diseases [8-10]. A
need exists for effective strategies to encourage college students
to adopt and maintain healthy lifestyles.

Mobile technology is commonplace today, particularly on
college campuses [11]. As defined by a recent review, mobile
technology broadly includes bidirectional message-type
activities via conventional mobile phones, smartphones, and
portable laptop computers that allow for exchange of text
messages (short message service, SMS), electronic mail, live
video feeds, and Internet access [11]. Because nearly all students
have cell phones with them most of their waking time [11], text
message–based interventions represent a promising opportunity
to offer remote health coaching to students on the go [12,13].
Since the introduction of mobile phone–based interventions to
promote behavior change, numerous researchers have reported
positive outcomes [13]. For example, research has investigated
the efficacy of mobile phone–based interventions on smoking
cessation [14-17], weight loss [18-21], physical activity [22-25],
and improving clinical outcomes of pregnancy [26-28]. A mobile
phone–based intervention that encourages healthy changes in
a variety of lifestyle behaviors would have clear advantages,
offering efficiency as several health behaviors could be
addressed through a single app. However, most mobile
phone–based interventions have focused on a single health
objective to date.

This preliminary randomized controlled trial aimed to evaluate
the effect of a single coaching session bolstered by tailored text
messages on self-selected health goals (described in further
detail in the Methods section) in a sample of college students.
We hypothesized that the coaching plus text message–based
intervention would result in students successfully attaining their
specified goals in the intervention group, which was randomly
selected from interested participants. In this study, we also
performed a comparison with a control group to determine
whether or not the goal-oriented improvements would be
associated with improvements in other lifestyle behaviors to
benefit the students’ health in areas beyond their self-selected
area of focus. The study also incorporated objective tests (serum

glucose and cholesterol) that may be responsive to improved
lifestyle behaviors.

Methods

Participants
This study was conducted at a small university in western
Pennsylvania from January 2015 to May 2015 in collaboration
with the Integrative Cardiac Health Project, Walter Reed
Military Medical Center in Bethesda, Maryland. The university
Institutional Review Board and the Human Research Protection
Office of the US Army Medical Research and Materiel
Command approved the study protocol for human subject
research. The study protocol was registered on ClinicalTrials.gov
with trial number 375278-3 (ClinicalTrials.gov Identifier:
NCT02476604). Written informed consent was obtained from
eligible participants before enrolment. The full trial protocol
may be obtained by written request to the corresponding author.

Participants were recruited using various strategies such as
classroom announcements, posted advertisements, flyers, and
booths located in student common areas on the university
campus. Students were eligible to participate if they were
full-time students at the university and did not have any
exclusion criteria. The exclusion criteria included (1) age less
than 18 years and greater than 30 years; (2) pregnancy, suspected
pregnancy, or plans to become pregnant; (3) diagnosis of a
chronic medical condition; (4) history of an eating disorder;
and (5) taking any prescribed medication other than an oral
contraceptive.

Data Collection
A comprehensive health evaluation was performed by certified
health coaches at enrolment in the study. Health coach
certification was conferred by the American Council on
Exercise, an accredited body that teaches skills for active
listening and providing motivational feedback. The coaching
skill set is applicable for a variety of health topics including
diet, exercise, stress management, and sleep habits. The
comprehensive evaluation upon enrolment in the study included
a focused physical assessment and collection of information
such as past medical history, current medications, and a review
of systems using typical demographic forms. At baseline and
following the 8-week intervention period, participants completed
validated behavioral surveys (described in detail below)
assessing dietary habits, exercise activity, levels of perceived
stress, and sleep practices. Blood testing for fasting glucose and
cholesterol was also performed before and after the intervention
(details below).
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Behavioral Surveys
(1) Rate Your Plate [29] (RYP) dietary assessment: The RYP
consists of 27 questions with responses from 1 to 3 yielding a
scoring range from 27 to 81. A higher RYP score indicates a
more healthful eating pattern. Convergent validity for the RYP
was validated in another setting in a comparison study with a
previously validated survey tool, the Willett food frequency
questionnaire [30]. Using the Pearson product-moment
correlation, the two questionnaires showed a strong degree of
correlation with r=.4-.5 (P<.001), on a range of specific dietary
variables [29].

(2) International Physical Activity Questionnaire [31] (IPAQ):
The IPAQ asks respondents to recall their physical activity
levels for a “usual week” and relates the recalled activities to
metabolic equivalents (METs) for standardization of data. The
IPAQ has been validated across 12 nations as an exercise survey
questionnaire including college-aged adults to be
self-administered or administered by interview. The IPAQ
provides reproducible data (test-retest reliability, concurrent
validity, and criterion IPAQ validity against accelerometry)
with a Spearman rho of .8 [31].

(3) Perceived Stress Scale [32] (PSS 14): This 14-item
questionnaire asks the respondent how often certain experiences
of stress occurred in the last month and is designed to measure
the degree to which situations in one’s life are appraised as
stressful. With item responses from 0 to 4, the range of possible
scores is 0 to 56, with higher scores correlating with higher
stress. The PSS is designed for use in community samples with
at least a junior high school education. The items are easy to
understand and the response alternatives are simple to grasp.
Moreover, the questions are quite general in nature and hence
relatively free of content specific to any subpopulation group.
Scores in the low 20s reveal modest stress levels, whereas scores
approaching 30 are substantial and concerning. A validation
study [32] shows that the PSS 14 has an internal consistency
reliability of .85 by Cronbach alpha and a test-retest reliability
of .85.

(4) Pittsburgh Sleep Quality Index [33] (PSQI): The PSQI is a
self-rated questionnaire that assesses sleep quality and
disturbances over a 1-month time interval. Nineteen individual
items generate 7 component scores whose sum yields a global
score with a range of 0 to 21. A global score of greater than 5
indicates a poor sleeper. Sleep perturbations can be categorized
by scores: 0 to 5 is a good sleep score; 6 to 10 shows mild sleep
difficulty; 11 to 15 moderate sleep difficulty; and 16 to 21 severe
sleep difficulty. The psychometric and clinical properties of the
PSQI suggest its utility both in clinical practice and research
activities. A PSQI greater than 5 has a diagnostic sensitivity of
90% and specificity of 87% (kappa > .75, P<.001) [33].

(5) Epworth Sleepiness Scale [34] (ESS): The ESS is the most
widely used tool to estimate the subjective symptom of daytime
sleepiness. Respondents are asked to use a scale of 0 to 3 to
estimate their likelihood of dozing in 8 different situations in
recent weeks. The individual scores are summed and possible
scores range from 0 to 24. A score greater than 10 indicates
excessive daytime sleepiness. The ESS has a sensitivity of 94%
and a specificity of 100% for detecting excessive daytime
sleepiness [34].

(6) Visual Analog Fatigue Scale [35] (FS): The FS was
developed by the Stanford Patient Education Research Center.
The scale was tested with 122 individuals, with a mean value
of 4.9 and standard deviation of 2.7. This fatigue scale asks
respondents to express their experience of fatigue from 0 to 10
for the previous 2-week period. Individuals denoting scores of
0 to 4 have no-to-minimal fatigue, those who circle 5 to 7
express milder fatigue, and those selecting 8 to 10 experience
more severe fatigue.

Blood Collection
A certified phlebotomist collected two blood samples from each
participant, one sample upon enrolment in the study and the
second sample at the end of the 8-week study period.
Participants in both the intervention arm and the control arm
received a US $50.00 payment for each of the two blood samples
taken. Participants were asked to fast for 12 hours before blood
collection. All blood collections occurred between 7:00 AM
and 9:00 AM. Serum samples were collected in vacutainers and
separated by centrifuging at 4150 rpm for 5 minutes using a
Sorvall Legend Mach 1.6 centrifuge (Thermo Fisher Scientific
Inc). Samples were stored at 22°C and analyzed for total
cholesterol and glucose at a regional commercial laboratory.

Intervention
The participants were randomly assigned in a one-to-one ratio
by a computer program to one of two groups for the duration
of the study. As part of the informed consent procedure,
participants were made aware that the study involved a
flip-of-the-coin chance that they may experience different
components of the study compared with another participant.
After randomization, participants were further informed
regarding the particulars of their expected experience. One group
received the intervention of behavioral goal setting with a health
coach (certified by the American Council on Exercise) followed
by text messaging throughout the 8-week study period
(described in detail below). The other group served as controls,
receiving their baseline survey results and blood test results in
writing but not setting behavioral goals with the health coach
and not receiving text messages during the study period.
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Table 1. Examples of behavioral goals with intervention messages.

SleepStressExerciseNutritionGoals and messages

Make bedtime 11:00 PM in-
stead of midnight.

Make a “to-do” list 5 days per
week instead of 0 days per
week.

Increase exercise from 0 to 3
times per week for 20 min-
utes. (60 minutes per week)

Increase fruit and vegetable
intake from 3 per day to 5 per
day.

Goal

Example messages

Did you know that stretching
before bed could help you
sleep better? Give this stretch
a try: Sit on floor with pillow
in front of you. Bend left
knee, bringing bottom of left
foot to right inner thigh. Lift
butt and extend right leg be-
hind you. Stay centered and
lean forward from hips, plac-
ing head on pillow. Extend
arms forward, elbows are
slightly bent. Hold for 8-10
breaths. Roll back up. Switch
legs; repeat.

Try to organize for 15 min-
utes each day. This could
mean anything from sorting
mail to throwing out mystery
foods in the refrigerator. Just
15 minutes per day can make
a huge difference over time!
Enjoy your weekend!

Try this workout: 5 minutes
of a light jog, 1 minute of
sprinting followed by 1
minute of low speed jogging,
repeat 5 times. Jog for 5 min-
utes as your cool down.

Try to add two servings of
fruit to your day, a handful of
grapes, a crisp apple, etc.
Natural fruit is a great source
of fiber, provides fullness and
sweetness.

Action-oriented

Perform at your highest poten-
tial. Sleep prepares your body
and mind for the next day’s
endeavors.

Make each day count. We
don’t have all the time in the
world. So focus on today and
do the things you really want
to do. :)

No matter how slow you go.
You are still lapping everyone
on the couch.

Good job with your fruits and
veggies! Looks like you’ve
improved!

Motivational

Did you know? Watching
television before bedtime can
actually stimulate the mind
rather than relax it. Listening
to audiobooks or music may
be a better choice.

I heard the app “Simplenotes”
is a good one for your iPhone
for organization and it’s
free...you should look into it!

Exercise releases endorphins,
which creates feelings of hap-
piness and euphoria.

Too much salt in our diet can
raise blood pressure. Most
fruits and vegetables are natu-
rally low in salt and can help
improve blood pressure. Fo-
cus on putting more fresh
food like fruits and vegetables
into your meals.

Informational

Following baseline data collection, results were aggregated so
that study participants could compare their results to normative
standards. This allowed participants to visualize potential areas
of their health behaviors that would benefit from improvement.
Participants were sent their health assessment to review in
preparation for a meeting in person with the health coach.
During the face-to-face meeting with the health coach,
participants in the intervention group were asked to set one
behavioral goal in a domain of diet, exercise, stress management,
or sleep. The behavioral goal represented an actionable behavior
that the participant could work to improve. (See Table 1 for
sample goals.) Weight loss was not included as a goal because
weight loss itself is a result of behavioral change, not a behavior
itself. Health coaches also used the face-to-face interaction to
learn about the participant’s routine, habits, and motivational
cues providing relevant information for tailoring messages. This
initial face-to-face meeting required 45 minutes to 1 hour to
complete.

SMS Text Messages
Before the creation of text message content, focus groups were
conducted in order to understand preferences of the college
student target population (A Roth, unpublished data, September,
2014). The dialogue captured during these focus groups
suggested that college students preferred a mix of
action-oriented, informational, and motivational messages that

were succinct and sent no more than three times per week (Table
1). The investigators elected not to exceed the frequency of 3
messages per week so as to avoid turning an encouraging
communication into an aggravation that would be quickly
deleted. The health coaches disseminated intervention SMS text
messages through a custom iOS application designed by
programmers working with the Integrative Cardiac Health
Project. Study participants downloaded the iOS application to
a university-issued iPad or a personal iPhone. Intervention
messages were delivered on a regular schedule on Tuesdays
and Thursdays at 9:00 AM and Saturdays at 11:00 AM for the
study period of 8 weeks. The schedule for delivery of messages
was chosen to distribute the messages across the week at times
that would not be disruptive of the students’ living schedule.
Students retained the freedom to check for messages at their
convenience. There were two health coaches hired to conduct
the study. Both of the coaches worked in equal measure with
participants who were randomized to the intervention arm and
with those who were randomized to the control arm. Once a
participant was assigned to one of the health coaches, that
participant received all contact from that particular health coach
for the duration of the study. Health coaches were in contact
with the participants randomized to the control arm at the
beginning of the study and again at study completion. The health
coaches did not have contact with the control participants during
the 8 weeks of the study period. Both coaches were certified
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for training in the same health coaching techniques and provided
text messages to the participants randomized to the intervention
arm using guidance from the participants themselves as to what
sort of messages would help them stay on track to reach their
self-selected health behavior goal. Participants in the
intervention arm were asked weekly via the application to
complete brief behavioral assessments (BA). The BA included
a question addressing progress toward the self-selected goal.
The coaches used BA feedback to customize text messages to
address barriers impeding goal attainment. Some participants
asked for more motivational type of text messages, whereas
other participants opted for action-oriented messages that
instructed them on their behaviors. A third type of message
preferred by some participants was an informational-type text
message. (See Table 1 for sample messages.) The coaches
required approximately one hour for each intervention
participant per week to read the brief BA feedback messages
and to customize the text messages to be disseminated to each
participant. The self-selected behavioral goal served as a basis
for text messages designed to encourage goal attainment. Half
of the messages sent as part of the intervention were directed
toward the self-selected behavioral goal and half of the messages
targeted other health behaviors more generally. Supervision of
the text message development was provided by the study’s
principal investigator.

Sample Size Estimation
The RYP dietary assessment tool served as an outcome measure
to determine the sample size estimation because the investigators
had a past experience with the RYP tool and could estimate an
effect size of the intervention on this parameter. It was assumed
that similar responsiveness in the other outcome measures would
be seen and that by using a general “improvement score” for
each behavioral dimension, participants could be offered the
freedom to choose any of the four behaviors for concentration
of their improvement efforts. Dietary changes in RYP were
expected to average 10 (SD 2) points for the intervention group
compared with zero change (same standard deviation) for the
control group. With a power of 90% for rejecting the null
hypothesis and using a one-sided test with alpha = 2.5% (as we
expected an increase in dietary adherence and minimal chance
of a decrease in adherence), the sample size was found to be 25
participants in each arm of the study. Accounting for a 30%
dropout rate, a total of 70 participants would be recruited, 35
participants for each arm.

Statistical Methods
Statistical analysis was performed using SPSS for Macintosh
version 22.0.0.0 (IBM, 2013). Descriptive statistics were

calculated for variables including means, standard deviations,
medians, and minimum and maximum values. Skewness and
kurtosis values of the dependent variables were analyzed for
significant deviation from a normal distribution. Further
comparisons between participants randomized to the intervention
group and those serving as controls were made using two-sample
t tests or chi-square tests as appropriate, with a P value <.05
indicating statistical significance.

Because participants set unique behavioral goals, we used a
standardized indicator that operationalized “success” as the
percentage of each participant’s goal that was attained at the
conclusion of the study. For example, at intake one participant
completed 7758 steps per day. She set a goal of 10,000 steps
per day, and by the completion of the study, she had completed
9008 steps per day. Thus, she attained 56% (ie, 100 ×
[9008−7758]/[10,000−7758]) of her goal. The intervention
would be considered successful if the mean percentage of goal
attainment was statistically significantly greater than 0.

Results

General
A total of 84 potential participants were screened for eligibility
to participate in the study. Following baseline data collection,
3 participants were released due to prescription medication
usage and 1 because baseline blood pressure results showed
hypertension deserving medical attention. Other attrition factors
included withdrawing from the university, change in student
status, electing not to participate in the study due to time
constraints, or other personal reasons (Figure 1). Of 60 enrolled
participants, 30 were randomized to the intervention arm and
30 to the control arm. For 2 participants in the intervention arm,
end-of-study data were not obtained to determine success or
failure of the intervention with respect to goal attainment. In
order to maintain an intention-to-treat analysis, these 2
participants were assigned zero progress toward their behavioral
goals and their data were retained in the final analysis.

Demographic information on the 60 participants is presented
in Table 2. The study population comprised young adults,
predominantly white (87%), and the majority were women
(68%). A majority of participants were freshmen (43%) or
sophomores (30%), and most participants (80%) lived on
campus during the study period. As shown in Table 2, there
were no differences in demographic characteristics between
participants randomized to the intervention and control arms.
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Table 2. Demographic Information.

P valueaIntervention

(n=30)

Control

(n=30)

All participants

(n=60)

Demographic characteristics

.3819.5 (1.1)19.3 (0.9)19.4 (1.0)Age in years, mean (SD)

.7921 (70)20 (67)41( 68)Gender (women), n (%)

.3828W, 1B, 1H24W, 4B, 1H, 1A52W, 5B, 2H, 1ARaceb

.163.6 (0.3)3.5 (0.4)3.5 (0.4)Grade point average, mean (SD)

.4914F, 7So, 4J, 5Sr12F, 11So, 5J, 2Sr26F, 18So, 9J, 7SrYear of studyc

>.9924/624/648/12On/off campus residence

.4211 (37)16 (53)27 (45)Active in varsity sport, n (%)

aP value signifies level of statistically significant differences by t test between control and intervention subjects.
bW=white, B=black, H=Hispanic, A=Asian.
cF=freshman, So = sophomore, J=junior, Sr = senior.

Figure 1. CONSORT flow diagram.
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Goal Attainment for Intervention Participants
The computer server was queried to compile information on
messaging. During the course of the study, 1160 messages were
sent to intervention participants and 982 messages (85%) were
viewed.

Values for goal attainment were acceptable for a normal
distribution (D27=.95, P=.19; skewness=0.28, SE=0.45; and
kurtosis=1.18, SE=0.87). Of the 30 participants who received
the intervention, 22 (73%) showed improvements in their
self-declared behavioral goal, 6 of 30 (20%) did not make gains
toward their behavioral goal, and 2 (7%) did not provide data
that could be evaluated. For analysis, the 2 participants who
failed to complete end-of-study assessments were assigned zero
values for behavioral goal attainment and were therefore
considered failures of the intervention. For the entire
intervention group (n=30), the success rate of 88% was
calculated by averaging the percentages of each participant’s
goal (positive gains, negative, and zeros) that was attained at
the conclusion of the study. For the 6 participants who did not
make gains toward their goals, 1 reported no change and 5
reported negative movement, that is, movement away from their
goals, averaging negative 66%. A one-sample t test on
participants’ percent of goal attainment scores was used to
determine whether or not their mean was significantly greater
than 0 (a score of 0 or less would indicate that the intervention
was not effective because the participant would have achieved
0% of his or her goal or, indeed, had regressed on the goal
indicator following the intervention). The one-sample t test
indicated that the percent of goal attainment of 88% (for n=30)
was significantly greater than 0 (t26=3.68, P<.001, Cohen
d=0.71, 95% CI [38.56-136.11]). Our hypothesis that the
coaching plus text intervention would help participants’ goal
attainment was supported by the data.

Additionally, data were examined to determine whether or not
the participants’ success depended upon the category of their
self-selected behavioral goal. Of the 30 participants in the

intervention group, 10 selected dietary goals, 8 selected exercise
goals, whereas there were 6 participants each who selected goals
in stress management and in sleep. Based upon the category of
behavioral goal, there were no differences in means for
percentage of goal attainment (F3,20=.16, P=.92, partial
eta-squared = .29). The breakdown in the percentages of goal
attainment across the 4 categories was diet (131%), exercise
(75%), stress management (69%), and sleep (98%).

Since the control participants did not establish behavioral goals,
it was not possible to measure control group progress toward a
composite behavioral goal at the outcome of the study as was
done for the intervention participants. However, the validated
behavioral surveys were completed by control participants at
baseline and at the outcome date of the study. As was
anticipated, control participants did not show statistically
significant changes in any of the behavioral domains (for diet
P=.55, for exercise P=.77, for stress management P=.75, and
for sleep P=.93).

Broader Effects of a Self-Selected Behavior Goal
Upon comparing intervention participants with the control
group, irrespective of their particular behavioral goals, it was
found that exercise was the only behavior difference, with
intervention participants increasing their reported exercise more
than controls to a statistically significant degree (Table 3).
Intervention participants increased their exercise by 19%
compared with control participants, who decreased their exercise
by 6%. There were no other differences in health behaviors or
symptoms between intervention participants and controls,
implying that there was only a modest “ripple effect” to produce
behavioral improvements outside of the self-selected behavioral
goal.

Participants receiving the intervention showed a statistically
significant improvement in fasting blood glucose compared
with controls (6% decrease vs 1% decrease), while cholesterol
levels were not different (Table 3).
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Table 3. Lifestyle behaviors, symptoms, and laboratory data at program baseline and program completion.

Program completionProgram baselineBehavior or
Objective
Measure

P valueaIntervention

(n=30)

Control

(n=30)

All participants

(n=60)
P valueaIntervention

(n=30)

Control

(n=30)

All participants

(n=60)

.8163.6 (SD 9.6)62.7 (SD 8.3)63.0 (SD 8.9).9161.3 (SD 8.1)61.5 (SD 7.7)61.4 (SD 7.8)Diet

(RYP)b

.043144 (SD 2324)2074 (SD 1410)2590 (SD 1965).522632 (SD 2889)2208 (SD 2106)2416 (SD 2508)Exercise

(IPAQ)c

.9424.0 (SD 8.1)23.8 (SD 9.3)23.9 (SD 8.7).9923.0 (SD 7.0)23.1 (SD 8.9)23.1 (SD 8.0)Stress

(PSS-14)d

.375.2 (SD 2.9)5.9 (SD 3.2)5.5 (SD 3.0).815.1 (SD 3.0)5.3 (SD 2.3)5.2 (SD 2.7)Sleep

(PSQI)e

.638.3 (SD 4.2)8.8 (SD 3.8)8.5 (SD 4.0).557.5 (SD 3.2)8.1 (SD 4.3)7.8 (SD 3.8)Sleepiness

(ESS)f

.254.9 (SD 2.0)4.3 (SD 2.0)4.6 (SD 2.0).214.4 (SD 1.9)3.7 (SD 2.2)4.1 (SD 2.0)Fatigue

(SFS)g

.0574.0 (SD 8.3)78.2 (SD 8.2)76.1 (SD 8.4).8378.6 (SD 6.3)79.0 (SD 6.7)78.8 (SD 6.4)Fasting

glucoseh

.83158.9 (SD 29.4)160.5 (SD 29.3)159.7 (SD 29.1).56161.7 (SD 32.0)157.1 (SD 28.5)159.4 (SD 30.1)Fasting

cholesterolh

aP value signifies level of statistically significant differences by t test between control and intervention subjects.
bRYP: Rate Your Plate Dietary Questionnaire; of the 81 total possible points, higher score indicates a healthier diet.
cIPAQ: International Physical Activity Questionnaire in metabolic equivalent-minutes per week, higher score equates with greater activity level.
dPSS-14: Perceived Stress Scale, of 56 total possible points, higher score indicates greater level of perceived stress.
ePSQI: Pittsburgh Sleep Quality Index, of 21 possible points, lower score indicates better sleep quality.
fESS: Epworth Sleepiness Scale, of 24 possible points, higher score indicates greater daytime sleepiness.
gSFS: Stanford Fatigue Scale, of 10 possible points, higher score indicates greater severity of fatigue symptom.
hFasting glucose and fasting cholesterol in mg/dL.

Discussion

Principal Findings
The main research hypothesis of this study was that a single
counseling session followed by a text message–based
intervention would result in the attainment of a self-selected
health behavior goal. A secondary analysis was performed to
determine whether or not the intervention directed at a particular
behavior might also have a broader effect by encouraging other
healthful behavior changes outside of the behavior goal of
choice.

Similar to many previous studies [12-28], this study’s findings
showed that the coaching session bolstered by tailored text
messages led to significant within-group behavior change for
the self-selected goal. These behavior changes were substantial
in magnitude. The findings also suggest that there was a small
ripple effect to stimulate improvement in exercise health
behaviors even when exercise was not the self-selected behavior
goal.

The importance of the improved exercise habits is underscored
by the clinically relevant improvement in fasting glucose levels
in the intervention group compared with the control group.
These objective data were validating for the subjective
self-reported exercise levels. Although the absolute decrease in
serum glucose values appears to be modest (on average 4.6
mg/dL for the intervention participants), there is epidemiological
evidence supporting the clinical relevance of this amount of
glucose lowering when sustained over time. A recent prospective
study in healthy individuals who did not have diabetes or
cardiovascular disease showed that each 3 mg/dL increase in
fasting glucose, even in the clinically accepted normal range,
predicted a 1% increased risk of developing coronary disease
over a mean of 4.3 years [36]. This finding supports the
observation that even small improvements in health behaviors
begun at a young age can produce major health improvements
in the long term.

Researchers conducting numerous systematic reviews and
meta-analyses analyzing text message–based studies have
concluded that despite findings that text message interventions
do work to encourage adherence to therapy, there are
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methodological issues with research in this area
[13,15,18,25,37,38]. The current protocol aimed to address
several of these issues. For example, the attributes of text
messages such as content and dosage are often not described or
evaluated to determine how those factors influence the results
[18,25,37]. Additionally, text messages are sometimes
standardized and generic for mass audiences or targeted for a
specific health topic [38] (ie, smoking cessation, weight loss).
It has been suggested that the tailoring of messages to a specific
individual can enhance effect [17,39,40]. The current protocol
provided a customized approach in which (1) participants could
self-select an area of their health they elected to address and (2)
the messages they received were tailored in response to
preparatory work with focus groups and by feedback they sent
to their coaches.

Another methodological design issue that the current protocol
was designed to address was the use of objective data collection
to evaluate outcome measures in tandem with subjective
self-report progress toward their goal. To this end, fasting
glucose values in the intervention group were significantly lower
compared with the control group, in parallel with the increased
exercise levels attained.

Limitations
There are limitations to this study. One limitation in the study
design is that the intervention comprised two components: (1)
a single counseling session with goal setting and (2) an 8-week
period of SMS text message support. It is therefore not possible
to determine which of these components singly or together was
responsible for the positive effects of the intervention. Limiting
the intervention to one of these components would have enabled
the investigators to report the effect of counseling or of text
messaging. Future research on text messaging would benefit
from unbundling such an intervention, perhaps by providing
the counseling session to both the intervention and the control
arms of the study. By setting the intervention to a single
component such as text message support, it would be feasible
to investigate the different effects of generic text messages
versus texts with tailored, personalized feedback. Such an
investigation is worthy of attention because generic texts can
be automated for distribution, a much less time-consuming
process than providing texts with personalized content.

The study did have statistical power to demonstrate a significant
change in overall healthy behaviors in response to the
intervention. However, the study may have been underpowered
to find significant changes for the different individually selected
behaviors with sample sizes of 6-10 participants. The small
sample sizes likely explain why none of the analyses for separate
behaviors were significant.

Another limitation of this report is the lack of analysis of the
reports received by the health coaches for weekly behavioral
compliance of the participants. This lack of analysis stemmed
from the decision to specify a priori an overall 8-week outcome
to the intervention. However, future studies may find this
information helpful to interpret how well the individualized or
customized the text messages worked. It may also be useful to
interpret the overall burden of the intervention as experienced
by the participants.

The study intervention lasted only 8 weeks, a trial period that
was insufficient to capture significant improvements in some
measures such as cholesterol changes. With this short study
duration, it was also not possible to determine whether or not
behavioral gains would be maintained over longer periods.

By design and in order to avoid confounding variables, the study
excluded participation by students who had chronic illnesses
or who took prescription medications other than for birth control.
Furthermore, the enrolled population was predominantly white
women. These factors do limit the ability to generalize the
findings of this study to the student population at large.

Conclusions
The findings from this SHUPEP study do support the current
body of literature evaluating the utility and effectiveness of
tailored mobile-based health communications as a successful
strategy for improving health behaviors [17-39]. A new finding
from this study suggests that there may be a mild ripple effect
of this technological intervention on other health outcomes
outside of the targeted behavior. Perhaps the main takeaway
message for care providers on other college campuses is that
the face-to-face feedback and behavioral health goal-setting
along with timely motivational text messages as described in
this report are of value in promoting healthy behaviors in college
students. Care providers for college students should be
emboldened to embrace digital technologies to augment their
efforts for health promotion.
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Abstract

Background: Physical activity is important for middle-agers to maintain health both in middle age and in old age. Although
thousands of exercise-promotion mobile phone apps are available for download, current literature offers little understanding
regarding which design features can enhance middle-aged adults’ quality perception toward exercise-promotion apps and which
factor may influence such perception.

Objectives: The aims of this study were to understand (1) which design features of exercise-promotion apps can enhance quality
perception of middle-agers, (2) whether their needs are matched by current functions offered in app stores, and (3) whether
physical activity (PA) and mobile phone self-efficacy (MPSE) influence quality perception.

Methods: A total of 105 middle-agers participated and filled out three scales: the International Physical Activity Questionnaire
(IPAQ), the MPSE scale, and the need for design features questionnaire. The design features were developed based on the
Coventry, Aberdeen, and London—Refined (CALO-RE) taxonomy. Following the Kano quality model, the need for design
features questionnaire asked participants to classify design features into five categories: attractive, one-dimensional, must-be,
indifferent, and reverse. The quality categorization was conducted based on a voting approach and the categorization results were
compared with the findings of a prevalence study to realize whether needs match current availability. In total, 52 multinomial
logistic regression models were analyzed to evaluate the effects of PA level and MPSE on quality perception of design features.

Results: The Kano analysis on the total sample revealed that visual demonstration of exercise instructions is the only attractive
design feature, whereas the other 51 design features were perceived with indifference. Although examining quality perception
by PA level, 21 features are recommended to low level, 6 features to medium level, but none to high-level PA. In contrast,
high-level MPSE is recommended with 14 design features, medium level with 6 features, whereas low-level participants are
recommended with 1 feature. The analysis suggests that the implementation of demanded features could be low, as the average
prevalence of demanded design features is 20% (4.3/21). Surprisingly, social comparison and social support, most implemented
features in current apps, were categorized into the indifferent category. The magnitude of effect is larger for MPSE because it
effects quality perception of more design features than PA. Delving into the 52 regression models revealed that high MPSE more
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likely induces attractive or one- dimensional categorization, suggesting the importance of technological self-efficacy on eHealth
care promotion.

Conclusions: This study is the first to propose middle-agers’ needs in relation to mobile phone exercise-promotion. In addition
to the tailor-made recommendations, suggestions are offered to app designers to enhance the performance of persuasive features.
An interesting finding on change of quality perception attributed to MPSE is proposed as future research.

(JMIR Mhealth Uhealth 2017;5(5):e65)   doi:10.2196/mhealth.6233

KEYWORDS

physical exercise; middle aged; mobile application; self efficacy; consumer preference

Introduction

Background
Middle age begins when young adulthood ends and ends when
old age starts [1]. The United Nation reported that the
middle-age population in the more developed regions had
increased dramatically from 2000 to 2010 and remain the
greatest age group by 2024 [2], suggesting the importance of
middle age studies. Because physiological functions (eg, lung
function, muscle mass, renal blood flow, and bone density)
begin to deteriorate in middle age, scientific guidelines suggest
that physical exercise be taken to counter this deterioration
effect [3]. Two studies examined the employees, aged 40-60
years, who changed their leisure time PA and found that
increased PA reduced subsequent sickness absence and risk of
disability retirement [4,5]. In addition, an empirical study has
conducted a 14-year longitudinal research and indicated that
middle-aged PA can reduce mortality and heart attacks in elder
life [6]. Despite with the apparent importance of PA,
middle-agers may not exercise as required. According to
previous survey, 70% of middle-aged people did not meet
exercise criteria defined by US federal government [7]. In
addition, time spent sitting in middle-aged adults is suggested
as too long [8]. As the characteristics of middle-aged life include
established own family, clear career direction, and responsibility
on children and aging parents [3], people in middle age are busy
taking care of families and works, potentially decreasing their
PA. Studies have also identified cost and time as barriers for
middle-agers to adopt PA [3,9]. These findings suggest that it
is important to intervene middle-aged sedentary lifestyle for
elder health.

Intervention researchers are utilizing opportunities enabled by
technology to design new health interventions. Tailoring an
intervention and disseminating it using websites, by email or
short message service (SMS) text messages, is considered as a
promising health promotion strategy [10]. Recently,
middle-agers are increasingly adopting mobile phones. In
Nielsen’s report [11] on the global mobile consumer released

in 2013, the mobile phone penetration rates in middle-agers
reached 40% or higher in some developed countries (eg, United
States, United Kingdom, Italy, and South Korea). With the
omnipresence and continuity of access, mobile phones therefore
become an increasingly essential instrument for revolutionizing
intervention strategies [12]. According to a meta-analysis [12],
mobile phone apps in the category of PA promotion can measure
sports statistics [13] and the number of steps [14], assist
self-management (eg, functions with activity diary and
reminders) [10]. However, variety of features unnecessarily
guarantees the acceptance of users with information technology
(IT)–enabled health care applications [15]. The unified theory
of acceptance and use of technology (UTAUT) argues that users’
expectations can influence their intention to accept mobile phone
apps promoting PA in the context of a voluntary behavior [16].
The expectancy disconfirmation theory also suggests that, when
prior-use expectations are matched or exceeded, users feel
satisfied and their continuance intention toward product use
will be increased [17]. Health care studies also suggest that
meeting expectations is crucial not only for enhancing patient
satisfaction [18], but also for relieving symptoms and reducing
further use of health care resources [19]. Therefore, intervention
designers and app developers would benefit in realizing what
targeted users expect from using IT-based health care apps in
order to deliver necessary functions [20].

To the best of our knowledge, Rabin and Bock [21] may be the
first to examine user preferences regarding mobile phone apps
related to PA. On the basis of 15 participants, their findings
suggest that the most endorsed feature be automatic (and
accurate) tracking of steps taken and calories burned, followed
by visual tracking on exercise progress and several concrete
functionalities (eg, body mass index [BMI] calculators) [21].
Due to the demographical characteristics of their study
participants, however, the findings may not be applicable to
other populations (eg, middle-agers). Furthermore, as the
features were produced based on participant feedbacks, it is
desirable to examine features based on a complete theoretical
framework, which may contribute to comprehensive
understandings both in the feature level and in the theory level.
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Table 1. Empirical studies with the Kano method.

Product life stageResearch purposeProduct or service typeResearch domainAuthors (year)

Implementation or testingProduct performance
evaluation

Mobile phone’s body shape and
button style

TechnologyChen and Chuang (2008) [26]

Prototype developmentFeature classificationMobile phone’s core attributes

(eg, CPUa) and optional at-
tributes (eg, electronic wallet)

TechnologyWang and Wu (2014) [27]

Prototype developmentFeature classificationApps function (museum infor-
mation [eg, opening or closing
time], artworks [eg, photo]) and
usability (friendly user inter-
face)

TechnologyPalumbo, Dominici, and Basile (2013) [28]

Prototype developmentFeature classificationRegistration, medical treatment,
and physical facilities

Health careSulisworo and Maniquiz (2012) [29]

Implementation or testingService performance
evaluation

Physical facilities, staff charac-
teristics, medical treatment, and
administration

Health careChang and Chang (2013) [30]

Prototype developmentFeature classificationE-learning platformEducationDominici and Palumbo (2013) [31]

Prototype developmentFeature classificationIn-flight service, administra-
tion, and flight physical facili-
ties

AirlineShahin and Zairi (2009) [32]

aCPU: central processing unit.

Aims of This Study
The aims of this study were to explore middle-aged adults’
needs on functional features of mobile phone apps promoting
PA. First, we created a representative set of 52 design features
based on the Coventry, Aberdeen, and London—Refined
(CALO-RE) taxonomy of 40 behavior change techniques
(BCTs), as this taxonomy can improve the specification of PA
interventions and strengthen the scientific study of intervention
development [22] and has been applied to examine PA apps
[23]. Second, to delve into middle-agers’ needs, this study
adopts the Kano method that interprets quality perception as a
set of quality categories (eg, attractive, one-dimensional,
indifferent, must-be, and reverse) that may influence customer
satisfaction [24,25]. Table 1 presents previous studies adopting
the Kano method to investigate user satisfaction toward product
performance and evaluate the user perceptions of prototypes in
design in various application domains (eg, mobile phone design,
apps design, and health promotion), warranting applying the
Kano method. With our study incorporated with the CALO-RE
taxonomy and the Kano method, we can offer insights to realize
users’ perception on receiving comprehensive PA interventions
via mobile phones and to predict their attitude toward using
exercise-promoting apps.

To evaluate the intervention functions offered in mobile phone
apps, previous research has applied BCTs to review 64 apps in
iTunes and Google Play, and suggested that the apps included
5 BCTs on average [33]. A similar study also downloaded 100
top customer-rated PA apps in the “health and fitness” category
of the Apple iTunes and Google Play and suggested that an
average of 6.6 BCTs was used per app and most BCTs in the
taxonomy were not represented in any app [34]. In addition, for
each BCT, this study defines prevalence of a BCT as the
percentage of apps implementing the BCT [34]. Although these

studies offer insights into how prevalent BCTs are implemented
in PA apps, user needs toward these persuasive features remain
unexplored, indicating a research gap. Besides, as computer use
self-efficacy and the habit of PA can impact users’ acceptance
toward mobile phone–based intervention [35,36], whether and
how these factors influence the middle-agers’ needs warrants
research efforts. To summarize our research questions, this study
aims to answer (1) how middle-agers perceive toward mobile
phone–based exercise-promoting BCTs in terms of Kano quality
categories; (2) whether current mobile phone apps meet
middle-agers’ expectations toward mobile phone–based
exercise-promoting BCTs; and (3) whether and how the
differences across levels of mobile phone self-efficacy (MPSE)
and PA influence the quality perception.

Methods

Recruitment
This study was designed as a cross-sectional survey conducted
from May to August 2015. We recruited participants from two
sources. Most of the participants were recruited from those who
volunteered to receive physical examinations performed by
public health centers in Northern Taiwan. Posters describing
study objectivities were displayed in venues where participants
attended physical examinations. If an attendant approached
recruitment posters, a research assistant introduced him or her
to the survey and explained the aim of the study. To increase
the number of participants, we also recruited participants in
senior communities in Taiwan. All of the participants were told
that participation was voluntary, and that all information
disclosed would be confidential. All participants provided
written consent before being involved in subsequent
investigation in which they completed a self-administered
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questionnaire. Each participant was thanked with a coupon
worth of US $6.6.

Questionnaire Design
The questionnaire includes 4 sections regarding background,
MPSE (10 items), PA (29 items), and quality perception toward
BCTs via mobile phone (104 items). MPSE refers to mobile
phone users’ confidence to undertake specific tasks (eg,
interacting with PA apps) [37]. This construct should be
included in the research model, as eHealth studies are
recommended to avoid generalizability issues arisen from
assuming the reference population to be skilled in using a
computer [35]. The 10-item Computer Self-Efficacy Scale was
adapted for use in this study [38]. The items were modified to
fit our research context of using mobile phone apps (eg, “if there
was no one around to tell me what to do as I go, I could use
mobile phone apps to manage PA” and “if I had never used a
mobile phone app to manage PA before, I am confident of using
such an app”). All items were scored on a 5-point Likert scale
from “strongly disagree” to “strongly agree,” with higher scores
representing higher MPSE. We used tertiary split to divide this
variable into three levels to examine the quality perception
toward design features in each level of MPSE. The 10-item
scale had high internal consistency (Cronbach alpha=.922).

Physical activity level may influence the effect of PA
intervention [36], suggesting the necessity of incorporating this
important variable. To measure PA level, the International
Physical Activity Questionnaire (IPAQ) was developed to assess
the frequency and duration of vigorous intensity, moderate
intensity, and walking activity. This questionnaire has two
versions available: the International Physical Activity
Questionnaire-long form (IPAQ-LF) and the International
Physical Activity Questionnaire-short form (IPAQ-SF). Several
studies have suggested that the IPAQ has acceptable reliability
and validity [39-42], including a 12-country study [43]. Since
its invention, the IPAQ has become one of the most widely used
PA questionnaires [41]. This scale, as a proxy for PA level, was
used to examine the effect of technology-mediated intervention
(eg, websites and email [44,45]), and to predict physical function
(eg, pain facilitatory and inhibitory function [46]) and mental
health (eg, risks of persistent late-life depression [47]).

This study adopted the long form version of IPAQ-Taiwan,
modifying the original IPAQ-LF version with cultural
adaptation. The IPAQ-Taiwan developers reported that the long
form version had a content validity indice of .992, suggesting
high language equivalence with the original English version.
The consistency value for the English and Chinese versions in
terms of intraclass correlation coefficients were .945, also
indicating the appropriateness of reliability [42]. According to
the usefulness guidelines suggested by Heesch et al [48], the
28-item IPAQ-Taiwan defines vigorous PA and moderate PA

in “Introduction” section, followed by 5 sections requesting
participants of their time spent in PA during the past 7 days in
terms of different activity classes (eg, work-related and
transport-related activity). The IPAQ-Taiwan clarifies activities
mentioned as examples in the questionnaire, consistent with
another suggestion by Heesch et al [48]. As with the original
IPAQ, PA time in three levels (ie, vigorous-level,
moderate-level, and walking) of four domains (ie, work,
transport, domestic and garden, and leisure) was filled by
participants. We followed the IPAQ group’s scoring protocol
to assess participants’ level of PA, which can be found in
Multimedia Appendix 1.

The questionnaire measuring quality perception toward BCTs
via mobile phone was developed in this study. On the basis of
the CALO-RE taxonomy, two of the authors developed 52
design features of mobile phone apps targeted at promoting PA,
as illustrated in Table 2. If mobile phones can implement a BCT
with more than one way, each way was designated as a design
feature. For example, three design features (eg, contextual cues
[A31], location cues [A32], and people cues [A33]) were derived
from the BCT of using contextual cues.

For each design feature, a functional question asks participants’
feelings in the case of fulfillment of the feature, and a
dysfunctional question asks participants’ feelings in the case of
nonfulfillment of the feature [26,30,49]. Participants answered
each question by choosing one of the five options: “Satisfied,”
“It should be that way,” ” I am indifferent,” “I can live with it,”
and “Dissatisfied.” For a specific participant, his or her quality
perception toward the design feature can be determined by
looking up the Kano evaluation matrix (Table 3) with the
functional answer and the dysfunctional answer. There are five
possible quality categories: attractive (A), one-dimensional (O),
must-be (M), reverse (R), and indifferent (I) [49]. Assuming a
nonlinear relationship between product performance and
customer satisfaction [25,50,51], the Kano method defines an
attribute is attractive (A) if an increase in the performance of
an attribute enhances customer satisfaction, whereas a decrease
in performance does not lead to dissatisfaction; an attribute is
one-dimensional (O) if an increase in the performance of an
attribute enhances customer satisfaction, whereas a decrease in
performance also increases dissatisfaction; an attribute is
must-be (M) if an increase in the performance does not increase
satisfaction, but a deteriorating performance increases
dissatisfaction; and an attribute is indifferent (I) if neither an
increasing performance nor a decreasing performance can affect
satisfaction. The definitions of reverse and questionable
attributes can be found in [25,50]. The quality perception toward
a design feature over a sample can be determined by selecting
the highest frequency of quality categories for all the participants
in the sample [49].
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Table 2. A representative set of 52 design features based on the Coventry, Aberdeen, and London—Refined (CALO-RE) taxonomy.

CodeDesign features of exercise-promotion apps

A1Apps provide information on consequences of exercise in general.

A2Apps provide information on customized consequences of exercise.

A3Apps provide information about others’ approval of my exercise.

A4Apps provide information about others’ exercise status.

A5Apps provide information about avoided movement in exercise.

A6Apps help set exercise goals.

A7Apps help set graded tasks by decomposing goals.

A8Apps prompt review of exercise goals.

A9Apps can check the extent to which previously set exercise goals were achieved.

A10Apps remind me to record my exercise behavior.

A11Apps can record my exercise behavior automatically.

A12Apps can set the health goals to be achieved by exercise.

A13Apps can prompt review of health goals.

A14Apps can check the extent to which my expected goals were achieved.

A15Apps remind me to keep records of my exercise outcome.

A16Apps can automatically record my exercise outcome.

A17Apps can assist me in detailed exercise planning.

A18Apps can remind me to think about potential barriers in exercise planning.

A19Apps can remind me to identify the ways of overcoming potential barriers when exercise planning.

A20Apps prompt rewards contingent on effort toward exercise preparation.

A21Apps provide rewards contingent on successful exercise.

A22Apps provide graded use of contingent rewards over time.

A23Apps prompt generalization of exercise.

A24Apps remind me of past successful experience of exercise.

A25Apps provide exercise records.

A26Apps check the discrepancy between exercise performance and the set goals.

A27Apps provide me with data about the discrepancy between my exercise performance and others’.

A28Apps provide information on where and when to do the exercise.

A29Apps provide instructions on how to do the exercise by text or voice.

A30Apps show how to do the exercise through visual demonstrations.

A31Apps can set context cues which remind me to exercise.

A32Apps can set location cues which remind me to exercise.

A33Apps can set people cues which remind me to exercise.

A34Apps remind me to alter environment in ways so that it is more supportive of the exercise.

A35Apps create the exercise goals as agreed behavioral contract.

A36Apps prompt me to rehearse or repeat the exercise behavior numerous times.

A37Exercise reminders are gradually reduced in intensity, duration, and frequency over time.

A38Apps facilitate social comparison.

A39Apps make it easy to elicit social support to my exercise from other people.

A40Apps remind me to focus on partners who are the exercise role models.

A41Apps facilitate the discussion with exercise role models.

A42Apps induce perceptions of future regret about not doing exercise.
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CodeDesign features of exercise-promotion apps

A43Apps provide risk information which evokes a fearful response.

A44Apps prompt self-talk to encourage, support, and maintain exercise.

A45Apps prompt mental imagery (to imagine initiating or maintaining exercise is easy).

A46Apps provide strategies in advance to avoid sustainability problem of exercise.

A47Apps provide stress management to reduce anxiety to facilitate the performance of the exercise.

A48Apps remind me to attend motivational interviewing which can minimize resistance and resolve ambivalence to change.

A49Apps assist time management to make time for exercise.

A50Apps provide general communication skills training.

A51Apps stimulate anticipation of future rewards.

A52Apps can set exercise time reminders.

Table 3. The Kano evaluation matrix.

Dysfunctional answerQuality attribute

DissatisfiedI can live with itI am indifferentIt should be that waySatisfiedFunctional answer

OcAAAbQaSatisfied

MfIIIeRdIt should be that way

MIIIRI am indifferent

MIIIRI can live with it

QRRRRDissatisfied

aQ: questionable.
bA: attractive.
cO: one-dimensional.
dR: reverse.
eI: indifferent.
fM: must-be.

Statistical Analysis
The analysis began with excluding invalid responses. As the
chronological definition of middle age varies in existing studies
(eg, 40-59 years [2], 45-74 years [52], and 40-60 years [53]),
we included responses only from participants aged between 40
and 69 years. Next, missing values were identified, which was
followed with a value substitution procedure. As the variables
with more than one missing value were all in the Kano
questionnaire, the importance of the Kano variables suggested
the use of multiple imputations. We opted to include all the
nonmissing variables as predictors in the initial imputation
model. With multinomial logistic regression, the variables with
significant predictability were identified. As suggested in [54],
we used three imputations for every missing value. As the Kano
method determines the categories with the largest number of
votes, we created the final set of winning categories by forming
the union of winning categories in three imputations. The
analysis revealed that the winning categories in each imputation
were the same, which may be attributed to the small proportions
of missing values. After the multiple imputation procedure, all
the data entered the Kano analysis.

The Kano Analysis
The Kano method determines the highest frequency of quality
categories in a design feature as the winning category, as these
categories represent the dominant customer view [55]. Previous
study applying the Kano method suggested the use of two
additional measures, category strength, and total strength, to
determine whether there exists more than one attribute that
dominates [56]. Category strength is defined as “the extent of
how firmly the participants felt that an item was in one category
or another” [56]. We calculated the difference (in percentage)
between the highest and the second highest categories to
measure category strength. A category strength value greater
than 6% indicates a statistical difference between the highest
and the second highest categories [56]. Total strength is defined
as the total proportion of positive attributes (ie, attractive [A],
one-dimensional [O], and must-be [M]). According to [56], if
the category strength of an attribute were lower than 6% and
the total strength exceeded 60%, then it could be statistically
impossible to classify the attribute in one category or another
(referred to as the Lee and Newcomb rule hereafter). Because
60% could be determined arbitrarily, such an attribute would
fall into the mixed (X) category [55], indicating that a design
feature may turn out to be determined as multiple categories.
We adopted an aggressive position in which design features
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deserve recommendations as long as the categorization results
include any positive category. This position emphasizes the
importance of customer demands while also creating
opportunities of adding value to mobile phone–based exercise
promotion.

Two-Factor Analysis
To realize the predictability of two independent variables, we
created a multinomial regression model for each of those design
features. By regressing quality perception on PA level and
MPSE, the fit of the models was examined and the likelihood
ratio tests were conducted to ascertain the significance of
predictors.

Institutional Review Board (IRB)
Ethical approval was granted by the Institutional Review Board
(IRB) and Chang Gung Memorial Hospital (CGMH)
(103-2125B and 104-3029C). Permission for data collection
was also obtained from the officials of the public health centers.
The participants were informed about the study, its importance,
and confidentiality of the information collected. They were also
told that they owned rights to leave the study at any time before
signing their written consent for participation in the study. All
participants’ data are maintained in a secure manner by
separating participants’ identifiers and associated data, as
recommended by the IRB.

Results

Sample Demographics
The sample size was 105. The participants had an average age
of 55.7 years. The sex ratio of participants in the nonmissing
responses was 53:50. Most participants (73/105; 69.5%) had at
least a senior high school education and more than a half in the
nonmissing responses (53/98; 54%) had an annual income of
NT $720,000 (US $23,630) or more. More than half of the
participants (n=58) used mobile phone apps longer than half an
hour per day, and about one-fifth (n=20) played apps longer
than 2 h. Demographic data are presented in Table 4. We also
asked the participants about their most frequently used mobile
phone apps. The result showed that the LINE (n=62) and
Facebook apps (n=11) were respectively ranked in the first and
second places, suggesting the popularity of social networking
apps.

Kano Analysis
This section proposes the analysis results obtained in conducting
Kano analysis on the total sample and the subsamples by PA

and by MPSE. When leading categories had close votes, we
used the Lee and Newcomb rule to determine whether to list
multiple winners. When winning categories of a design feature
included the indifferent category and at least one positive
category (ie, attractive, one-dimensional, must-be), only positive
categories were described in-text, as positive categories are
more informative to app developers. Nevertheless, we reported
in Tables 5-10 with an expression X(P, I) to indicate a tie
between a positive category P and the indifferent category (I).
To make this paper concise, design features are not shown in
Tables 5-10 unless their categorization results include at least
one positive category, whereas complete results can be found
in Multimedia Appendix 2.

Table 5 reports the categorization results based on the responses
from all participants who filled out the Kano questionnaire
(n=103). It was found that 51 of the 52 design features were
classified as indifferent, suggesting that these 51 design features
did not interest the subjects in the total sample. One design
feature (A30: visual demonstrations) may be categorized as
attractive (28), despite with a tie with the indifferent category.

The categorization results in the subsamples of PA levels were
based on 102 valid responses from those participants who
completed both the Kano questionnaire and the IPAQ. We first
examined the high-PA participants and found that all of the 52
design features were categorized as indifferent. As no design
features with a smaller-than 0.06 category strength had a total
strength larger than 60%, we had sufficient confidence that these
designs did not motivate this subsample.

Table 6 shows the categorization results of the medium-PA
participants. For this specific subsample, mobile phone apps
offered limited incentives to use. It was found that 46 of the 52
design features were determined as one category of indifferent.
A10 (reminding to record PA) was categorized as must-be (7),
suggesting that the participants with medium-PA considered as
granted the design feature of reminding to record exercise
behavior. Five other design features had close proportions in
the indifferent category and a positive category, including A5
(offering movements to be avoided) categorized into
one-dimensional (5); A11 (automatically record physical activity
[PA]) into attractive (6); A20 (contingent reward for exercise
preparation) into must-be (5); A23 (prompt generalization of
exercise) into one-dimensional (6); and A29 (exercise instruction
with text or voice) into one-dimensional (6). Most of the
functions needed are related to information provision and
behavioral facilitation.
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Table 4. Descriptive statistics on sample demographics (N=105).

n (%)Variable

Gender

53 (50.5)Male

50 (47.6)Female

2 (1.9)Missing

Education

30 (28.6)Junior high school or less

33 (31.4)Senior high school

39 (37.1)Bachelor’s degree

1 (1.0)Graduate degree

2 (1.9)Missing

Employment

74 (70.5)Employed

29 (27.6)Unemployed or retired

2 (1.9)Missing

Marital statusa

84 (80.0)Married

7 (6.7)Widowed

8 (7.6)Divorced

3 (2.9)Not married

3 (2.9)Missing

Monthly household incomea

22 (21.0)≤NT $39,999 (US $1313)

12 (11.4)≤NT $49,999 (US $1641)

11 (10.5)≤NT $59,999 (US $1969)

9 (8.6)≤NT $69,999 (US $2297)

8 (7.6)≤$NT $79,999 (US $2626)

12 (11.4)≤NT $89,999 (US $2954)

24 (22.9)>NT $90,000 (US $2955)

7 (6.7)Missing

Daily app using time

43 (41.0)≤30 min

38 (36.2)≤120 min

16 (15.2)≤240 min

4 (3.8)>240 min

4 (3.8)Missing

aPercentages may not add up to 100 due to rounding.
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Table 5. Categorizing design features by the total sample (n=103).

Classification resultsTotal strength (%)Category strength (%)Frequency of design featureDesign features

QRIOMA

X(I, A)a6453133231528A30

aX(C1, C2) indicates that a design feature had close proportions in two categories of C1 and C2.

Table 6. Categorizing design features by medium physical activity participants (n=18).

Classification resultsTotal

strength (%)

Category

strength (%)

Frequency of design featureDesign features

QRIOMA

X(I, O)a676006534A5

M7211005274A10

X(A, I)a670006156A11

X(I, M)a676006354A20

X(I, O)a616007632A23

X(I, O)a616007614A29

aX(C1, C2) indicates that a design feature had close proportions in two categories of C1 and C2.

In contrast, low-PA users need much more support from mobile
phone–based apps. Table 7 shows the categorization results of
low-PA participants. In total, 31 design features were
categorized only as indifferent. It was found that 6 design
features (A1: general consequences of exercise; A2: customized
consequences of exercise; A13: browse health goals; A22:
contingent rewards with grading; A25: PA history; and A26:
comparing actual PA with PA goal) were categorized as must-be,
and 1 design feature (A14: compare actual health outcomes with
health goals) was categorized into one-dimensional. The
remaining 14 design features were categorized into more than
one category according to the Lee and Newcomb rule. Among
these 14 design features, 7 were classified into only positive
categories, including A7 (help goal decomposition:
one-dimensional (7) and must-be (6)), A10 (remind to record
PA: one-dimensional (7) and must-be (6)), A15 (remind to
record health outcomes: one-dimensional (7) and must-be (7)),
A21 (contingent reward for exercise practice: one-dimensional
(7) and must-be (7)), A23 (prompt generalization of exercise:
one-dimensional (7) and must-be (6)), A29 (exercise instruction
with text or voice: attractive (7) and must-be (7)), and A30
(visual demonstration: attractive (7) and must-be (7)). The other
7 design features were determined as multiple categories
including indifferent: A6 (set PA goals: must-be (7)), A8
(browse PA goals: must-be (7)), A9 (check goal conversions:
must-be (7)), A12 (set health goals: attractive (5), must-be (6),
one-dimensional (5)), A20 (contingent reward for exercise
preparation: one-dimensional (6)), A24 (remind past success:
attractive (6) and must-be (6)), and A52 (reminding to PA:
attractive (6), must-be (7)). Low-PA users required assistance
in goal management and time management. Furthermore, 6
motivational techniques (ie, A1, A2, A20, A21, A22, and A24)
were considered either as must-be or as one-dimensional,
suggesting the importance of extrinsic motivation to low-PA
users.

A further analysis on the 21 design features revealed that only
two (ie, A14 and A20) were not categorized as must-be, and all
the 5 design features categorized into attractive were also
categorized as must-be. Therefore, this finding suggested that
these designs may be more of necessity than of attractiveness
to low-PA participants.

The categorization results across levels of MPSE were based
on 102 valid responses from those participants who completed
both the Kano questionnaire and the MPSE questionnaire. Table
8 presents the categorization results of participants with high
self-efficacy. A total of 4 design features (A23: prompt
generalization of exercise; A26: comparing actual PA with PA
goal; A29: exercise instruction with text or voice; and A30:
visual demonstrations) were categorized as one-dimensional.
It was found that 10 design features were categorized into more
than one category including indifferent, including A2
(customized consequences of exercise: must-be (10)), A10
(remind to record PA: must-be (10)), A12 (set health goals:
one-dimensional (11)), A13 (browse health goals:
one-dimensional (10)), A14 (compare actual health outcomes
with health goals: one-dimensional (11)), A15 (remind to record
health outcomes: one-dimensional (10)), A21 (contingent reward
for exercise practice: one-dimensional (10)), A22: (contingent
rewards with grading: one-dimensional (14)); A25 (PA history:
one-dimensional (12)), and A52 (reminding to PA:
one-dimensional (10)). A breakdown analysis on the 14 design
features revealed that, except with 2 design features (ie, A2 and
A10) categorized as must-be, the other 12 design features were
all one-dimensional. Therefore, this analysis suggested that
users with high MPSE would consider these designs as more
satisfactory as the mobile phone apps perform better in terms
of these design features. The remaining 38 design features were
all categorized as indifferent.
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Table 7. Categorizing design features by low physical activity participants (n=22).

Classification resultsTotal

strength (%)

Category

strength (%)

Frequency of design featureDesign features

QRIOMA

M64140082111A1

M590108481A2

X(I, M)a645008572A6

X(O, M)a735015763A7

X(M, I)a680007474A8

X(I, M)a645008473A9

X(O, M)a735105763A10

X(M, A, O, I)a735015565A12

M739006583A13

O779113863A14

X(M, O)a820103774A15

X(I, O)a685007654A20

X(M, O)a820103774A21

M869003685A22

X(O, M)a775014764A23

X(A, M, I)a730006466A24

M7714005584A25

M8218004594A26

X(A, M)a860003577A29

X(A, M)a860003577A30

X(M, A, I)a735006376A52

aX(C1, C2, ..., Cn) indicates that a design feature had close proportions in the categories of Ci, 1≤ i ≤ n.

Table 9 presents the categorization results of medium MPSE
participants. A total of 46 design features were categorized as
indifferent and 4 design features (ie, A15: remind to record
health outcomes; A22: contingent rewards with grading; A25:
PA history; and A52: reminding to PA) were categorized as
must-be. A23 (prompt generalization of exercise) and A26

(comparing actual PA with PA goal) were determined as a tie
with two categories of indifferent and must-be (ie, A23: must-be
(10); A26: must-be (13)). This analysis suggested that this
specific subsample had weak intention to use mobile phone
apps to promote exercise and tended to consider the functions
as of necessity.
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Table 8. Categorizing design features by high self-efficacy participants (n=35).

Classification resultsTotal

strength (%)

Category

strength (%)

Frequency of design featureDesign features

QRIOMA

X(I, M)a66310117106A2

X(M, I)a69010108106A10

X(I, O)a63310121156A12

X(O, I)a6932091077A13

X(O, I)a66320101166A14

X(O, I)a66020101085A15

X(I, O)a63320111057A21

X(O, I)a60611121434A22

O661120101436A23

X(O, I)a63320111246A25

O69112091365A26

O71202081537A29

O71112171339A30

X(I, O)a63610121066A52

aX(C1, C2) indicates that a design feature had close proportions in two categories of C1 and C2.

Table 9. Categorizing design features by medium self-efficacy participants (n=32).

Classification resultsTotal

strength (%)

Category

strength (%)

Frequency of design featureDesign features

QRIOMA

M59010124123A15

M75130085127A22

X(M,I)a63002104106A23

M69900103136A25

X(M,I)a63300123134A26

M69600103127A52

aX(C1, C2) indicates that a design feature had close proportions in two categories of C1 and C2.

Table 10. Categorizing design features by low self-efficacy participants (n=35).

Classification resultsTotal

strength (%)

Category

strength (%)

Frequency of design featureDesign features

QRIOMA

X(A, I)a66000127412A30

aX(C1, C2) indicates that a design feature had close proportions in two categories of C1 and C2.

Table 10 presents the categorization results by the low MPSE
subsample. Only A30 (visual demonstration) was categorized
as both attractive and indifferent. All of the remaining designs
were indifferent. This subsample exhibited low interest in those
design features to increase PA.

Next, we compared users’ demands with mobile phone–based
BCTs and the supply in the mobile phone apps market. Table
11 compares the categorization results across the total sample
and subsamples. If the quality categories in a cell are shown
with a superscript i, this means that these categories are tied
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with the indifferent category. According to [34], the rightmost
field in Table 11 provides the prevalence of particular BCTs
delivered by popular mobile phone apps. The range of
prevalence numbers of demanded design features was [0%,
49%] with an average of 20% (4.3/21). The two top-ranked
features (ie, social support [A39, 79%] and social approval [A3,
64%], also listed in Table 11) were available in more than half
of the apps inspected. However, both features were considered
as indifferent by our sample and in all of the subsamples, either
by PA level or by MPSE. Exercise instruction (A29, 49%) and
visual demonstration (A30, 47%), ranked in the next two places,
were considered as needed. On the other hand, design features
that can contribute to fulfill users’ needs across different user
groups are available in less than 40% of the apps inspected. For
example, prompting exercise generalization (A23, 0%) is
valuable to four subsamples of middle-agers, but was not found
in the inspected apps. Prompts or cues (A52) can create value
to three subsamples (ie, low-PA, high-MPSE, and
medium-MPSE), but only 35% of the apps offered this feature.
Table 11 also showed that reminding to record PA (A10, 29%),
reminding to record health outcomes (A15, 22%), and contingent
rewards with grading or shaping (A22, 1%) were unavailable
in most of the apps but each feature was needed in three
subsamples. Furthermore, 5 design features were needed by two
subsamples but the prevalence numbers were not larger than
30% (eg, browse health goals [A13, 6%] and contingent reward
for exercise practice [A21, 3%]). These findings suggest that
current supply of exercise-promoting features in mobile phone
apps might not fully match middle-aged adults’needs. The gaps
represent strategic opportunities for app designers to fulfill the
needs of customers with customized characteristics.

Two-Factor Analysis
To realize the effects of PA level and MPSE on quality
categorization (ie, the third research question), we created one
multinomial logistic regression model for each design feature.
To avoid zero frequency, we combined the attractive and
one-dimensional categories into a new valued category. The
must-be category remained intact, whereas all of the other
instances were entered into the indifferent category. The
left-hand part of Multimedia Appendix 3 provides the Pearson
and deviance statistics for model fitting. As the deviance
statistics of three models (ie, A20, A32, and A43) were
significant, which suggested significant deviation from
observations to predicted values, we excluded these models
from the likelihood ratio tests that followed.

The remaining 49 models were examined with the likelihood
ratio tests to ascertain the significance of predictors to the
models. The chi-square statistics and the significance of
coefficients for two predictor variables (ie, MPSE and PA level)
were listed in the right-hand part of the Multimedia Appendix
2. MPSE was significant in 14 models (ie, A3, A6, A8, A10,
A13, A18, A22, A25, A26, A29, A35, A41, A45, and A48),
whereas only 1 (ie, A3) was found as significant for PA level.

This analysis revealed that combining MPSE and PA could
significantly predict quality categorization on A3, whereas only
MPSE was a significant predictor predicting other 13 design
features.

To delve into the effect of different levels of predictors, we
analyzed the effects of coefficients on design satisfaction with
regard to each of the 14 design features. We first analyzed the
effect of PA on categorizing A3 (social approval). With the
medium-PA group as the baseline, neither the estimates for

high-PA (b=−0.550, Wald χ2
1=0.5 odds ratio, OR 0.58 [95%

CI 0.12-2.82], P=.50) nor the estimates for low-PA (b=−1.453,

Wald χ2
1=1.4; OR 0.23 [95% CI 0.02-2.53], P=.24) for the

must-be category (compared with the indifferent category) was
significant. For the valued category (compared with the
indifferent category), the estimates for high-PA (b=19.703,

Wald χ2
1=540.5; OR 3.60E-8 [95% CI 6.85E-7 to 1.90E-9],

P<.001) was significant. This suggested that high-PA
participants were more likely to categorize A3 into attractive
or one-dimensional than the medium-PA group.

We next turned to assess the estimates of MPSE coefficients.
Table 12 presents the b values, the Wald statistics, the values
of significance of testing the estimates across the MPSE levels,
and 95% CI for OR for the must-be category compared with the
indifferent category. The analysis revealed that, compared with
their low MPSE counterparts, medium MPSE participants more
likely categorized 5 design features as must-be than as
indifferent. More specifically, this medium MPSE group
considered the following features as must-be: A6 (set PA goals:

b=−1.712, Wald χ2
1=5.4; OR 0.18 [95% CI 0.04-0.77], P=.02),

A22 (contingent rewards with grading: b=−1.790, Wald χ2
1=5.7;

OR 0.17 [95% CI 0.04-0.72], P=.02), A25 (PA history:

b=−1.590, Wald χ2
1=5.5; OR 0.20 [95% CI 0.05-0.77], P=.02),

A26 (comparing actual PA with PA goal: b=−1.370, Wald

χ2
1=4.2; OR 0.25 [95% CI 0.07-0.94], P=.04), and A45 (prompt

mental imagery: b=−2.770, Wald χ2
1=6.1; OR 0.06 [95% CI

0.01-0.56], P=.01). Besides, compared with high-MPSE
participants, medium MPSE participants more likely considered
A22 (contingent rewards with grading) as must-be than as

indifferent (b=−1.932, Wald χ2
1=5.5; OR 0.15 [95% CI

0.03-0.73], P=.02), as illustrated in Table 13. The OR indicates
that the change in the odds of categorizing A22 as must-be
compared with indifferent is .15 as the MPSE level changes
from medium to high, which suggests that this design feature
was more likely categorized to must-be (compared with
indifferent) by medium MPSE participants than by high-MPSE
participants. As Table 14 indicates that no design feature was
found with a significant regression coefficient, this analysis
found no evidence to argue that the categorization likelihood
differs between the high-MPSE and low-MPSE subsamples.
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Table 11. Positive quality categories by design features and participant characteristics.

Prevalence (%)
[34]

MPSE

(L)

MPSE

(M)
MPSEb

(H)

PA

(L)

PA

(M)
PAa

(H)

Total sampleDesign feature

2MA1 (general consequences of exercise)c

2MgMA2 (customized consequences of exercise)c

64A3 (social approval)

N/AhOgA5 (offering movements to be avoided)f

36MgA6 (set PA goals)

33(O, M)A7 (help goal decomposition)

17MgA8 (browse PA goals)

8MgA9 (check goal conversions)

29Mg(O, M)MA10 (remind to record PA)

29AgA11 (automatically record PA)

17Og(A, O, M)gA12 (set health goals)

6OgMA13 (browse health goals)d

6OgOA14 (compare actual health outcomes with health goals)d

22MOg(O, M)A15 (remind to record health outcomes)

N/AOgMgA20 (contingent reward for exercise preparation)f

3Og(O, M)A21 (contingent reward for exercise practice)

1MOgMA22 (contingent rewards with grading or shaping)e

0MgO(O, M)OgA23 (prompting exercise generalization)f

4(A, M)gA24 (remind past success)

42MOgMA25 (PA history)

42MgOMA26 (comparing actual PA with PA goal)

49O(A, M)OgA29 (PA instruction with text or voice)

47AgO(A, M)AgA30 (visual demonstration)

79A39 (social support)

35MOg(A, M)gA52 (reminding to PA)

161421601Number of features

aPA: physical activity.
bMPSE: mobile phone self-efficacy.
cCorresponding to information about health consequences in [34].
dCorresponding to review outcome goals in [34].
eCorresponding to reward approximation in [34].
fNo observation reported in [34].
gTied with the indifferent category.
hN/A: not applicable.
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Table 12. Parameter estimates of change of mobile phone self-efficacy (MPSE) from medium to low (must-be over indifferent).

95% CI for odds ratio

(lower bound-upper bound)

Mobile phone self-efficacy (H vs L)Design feature

Odds ratioSignificanceWaldb

0.08-3.700.55.540.4−0.592A3

0.04-0.770.18.025.4−1.712A6

0.12-1.840.46.271.2−0.778A8

0.14-1.810.51.301.1−0.673A10

0.10-1.340.37.132.3−0.995A13

0.12-2.880.58.500.5−0.551A18

0.04-0.720.17.025.7−1.790A22

0.05-0.770.20.025.5−1.590A25

0.07-0.940.25.044.2−1.370A26

0.09-1.580.38.181.8−0.981A29

0.04-6.210.52.610.3−0.655A35

0.03-2.860.27.281.2−1.311A41

0.01-0.560.06.016.1−2.770A45

0.04-1.190.22.083.1−1.533A48

Table 13. Parameter estimates of change of mobile phone self-efficacy (MPSE) from medium to high (must-be over indifferent).

95% CI for odds ratio

(lower bound-upper bound)

Mobile phone self-efficacy (H vs L)Design feature

Odds ratioSignificanceWaldb

0.32-8.381.64.550.40.494A3

0.19-2.160.65.480.5−0.438A6

0.24-3.120.87.830.0−0.144A8

0.38-4.031.23.730.10.210A10

0.25-3.130.89.850.0−0.119A13

1.04E-9 to 1.04E-91.04E-9N/AN/Aa−20.685A18

0.03-0.730.15.025.5−1.932A22

0.06-1.050.25.063.6−1.389A25

0.15-2.160.57.410.7−0.558A26

0.09-2.150.43.311.1−0.841A29

0.16-9.711.25.830.00.224A35

2.94E-9 to 2.94E-92.94E-9N/AN/A−19.646A41

0.09-1.450.36.152.1−1.010A45

7.37E-10 to 7.37E-107.37E-10N/AN/A−21.029A48

aN/A: not applicable.
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Table 14. Parameter estimates of change of mobile phone self-efficacy (MPSE) from low to high (must-be over indifferent).

95% CI for odds ratio

(lower bound-upper bound)

Mobile phone self-efficacy (H vs L)Design feature

Odds ratioSignificanceWaldb

0.48-18.112.96.241.41.085A3

0.78-16.733.58.102.71.274A6

0.42-8.371.89.410.70.634A8

0.64-9.062.42.191.70.882A10

0.59-9.782.40.221.50.876A13

0.00-0.001.80E-9N/AN/Aa−20.134A18

0.16-4.850.87.870.0−0.142A22

0.27-5.641.22.800.10.201A25

0.53-9.562.25.271.20.812A26

0.20-6.611.15.880.00.140A29

0.20-28.682.41.490.50.880A35

0.00-0.001.09E-8N/AN/A−18.335A41

0.59-57.225.82.132.31.761A45

0.00-0.003.41E-9N/AN/A−19.496A48

aN/A: not applicable.

We next turned to analyze the effect of MPSE on the relative
likelihoods of the valued category versus the indifferent
category, as illustrated in Tables 15-17. In comparing the high
group to the medium group, MPSE was able to predict the
relative likelihoods with regard to 5 design features, as indicated
in Table 15. Specifically, the high-group is more likely
considered as valued in A3 (social approval: b=2.622, Wald

χ2
1=5.6; OR 13.77 [95% CI 1.57-120.51], P=.02), A8 (browse

PA goals: b=1.540, Wald χ2
1=5.8; OR 4.66 [95% CI

1.33-16.37], P=.02), A10 (reminding to record PA: b=1.522,

Wald χ2
1=5.0; OR 4.58 [95% CI 1.21-17.39], P=.03), A13

(browse health goals: b=1.673, Wald χ2
1=6.4; OR 5.33 [95%

CI 1.47-19.37], P=.01), A35 (PA fulfilled as a contract:

b=20.051, Wald χ2
1=719.9; OR 5.11E-8 [95% CI 1.18E-8 to

2.21E-9], P<.001), and A41 (Talk to role models: b=1.573,

Wald χ2
1=4.9; OR 4.82 [95% CI 1.19-19.49], P=.03). The

high-group also categorized A26 as valued, compared with the
low-group, as suggested by the regression coefficient and the
Wald statistic (comparing actual PA with PA goal: b=1.237,

Wald χ2
1=4.8; OR 3.444 [95% CI 1.15-10.35], P=.03) as shown

in Table 16. Moreover, the low group, compared with their
medium counterpart, had a relative advantage in categorizing
A10 (remind to record PA) into valued rather than indifferent

(b=1.324, Wald χ2
1=4.0; OR 3.76 [95% CI 1.02-13.85], P=.047).

The OR indicates that the change in the odds of categorizing
A10 as valued compared with indifferent is 3.76 as the MPSE
level changes from medium to low, which is shown in Table
17.

For the significant relationships shown in Tables 12-17,Table
18 summarizes the design features and quality categories (in

parenthesis) with the comparing MPSE level listed in the column
header and the reference MPSE level in the row header. For
example, A8 (browse PA goals; A/O) is listed under the column
H (high) and the row M (medium) because high-MPSE
participants, compared with medium-MPSE participants, are
more likely to categorize this design feature into attractive or
one-dimensional. This table indicates that high-MPSE
participants more likely categorize design features into the
valued category than the other two groups, as 6 design features
were associated with relative likelihoods of valued versus
indifferent by the high-MPSE group, whereas only 1 design
feature was associated by the low group and none by the medium
group in contrast. The finding also revealed that the medium
group more likely categorizes design features into must-be, as
all of the six relationships categorized into the must-be category
were found when medium-MPSE was compared with the other
two MPSE levels.

The third research question can be answered with integrating
the analysis results from the Kano analysis and the multinomial
regression. The two predictors could influence customers’
quality perception to a varying degree. As the Kano analysis
revealed an increasing trend in the number of positive design
features as PA decreases, PA might have a negative influence.
However, the multinomial regression suggested changes of PA
only influenced quality categorization in A3. Since A3 was not
the winning category as indicated in Table 11, the effect by PA
level could be very small. In contrast, MPSE was tested as
significant in 14 regression models, of which 6 were the
dominant categories according to Table 18. The reasoning
suggests that the influence of MPSE on quality perception
should be stronger than that of PA.
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Table 15. Parameter estimates of change of mobile phone self-efficacy (MPSE) from medium to high (valued [attractive+one-dimensional] over
indifferent).

95% CI for odds ratio

(lower bound-upper bound)

Mobile phone self-efficacy (H vs L)Design feature

Odds ratioSignificanceWaldb

1.57-120.5113.77.025.62.622A3

0.75-8.612.54.142.20.930A6

1.33-16.374.66.025.81.540A8

1.21-17.394.58.035.01.522A10

1.47-19.375.33.016.41.673A13

0.70-6.912.20.181.80.788A18

0.28-2.860.89.840.0-0.120A22

0.52-5.381.67.390.70.511A25

0.92-10.883.17.073.41.154A26

0.94-9.833.04.063.41.112A29

1.18E-8 to 2.21E-95.11E-8.00719.920.051A35

1.19-19.494.82.034.91.573A41

0.48-4.921.54.470.50.431A45

0.59-6.832.00.271.20.692A48

Table 16. Parameter estimates of change of mobile phone self-efficacy (MPSE) from low to high (valued [attractive + one-dimensional] over indifferent).

95% CI for odds ratio

(lower bound-upper bound)

Mobile phone self-efficacy (H vs L)Design feature

Odds ratioSignificanceWaldb

0.71-9.432.58.152.10.948A3

0.70-5.782.01.201.70.698A6

0.48-3.841.36.560.30.309A8

0.40-3.731.22.730.10.198A10

0.83-7.132.43.112.60.887A13

0.43-3.381.21.720.10.189A18

0.63-4.971.77.281.20.569A22

0.98-8.262.85.053.71.048A25

1.15-10.353.44.034.81.237A26

0.85-7.252.48.102.80.908A29

0.64-11.882.75.181.81.010A35

0.52-4.241.49.460.60.398A41

0.55-4.521.58.400.70.455A45

0.43-3.571.24.690.20.213A48
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Table 17. Parameter estimates of change of Mobile phone self-efficacy (MPSE) from low to medium (valued [attractive + one-dimensional] over
indifferent).

95% CI for odds ratio

(lower bound-upper bound)

Mobile phone self-efficacy (H vs L)Design feature

Odds ratioSignificanceWaldb

0.57-49.825.33.142.21.674A3

0.37-4.251.26.710.10.232A6

0.99-11.833.42.053.81.231A8

1.02-13.853.76.0474.01.324A10

0.62-7.812.20.231.50.786A13

0.56-5.931.82.321.00.599A18

0.16-1.620.50.251.3−0.689A22

0.18-1.930.59.380.8−0.537A25

0.27-3.150.92.900.0−0.083A26

0.40-3.791.23.720.10.203A29

1.86E-8 to 1.86E-81.86E-8N/AN/Aa19.041A35

0.77-13.693.24.112.61.176A41

0.298-3.1940.98.970.0−0.024A45

0.453-5.7641.62.460.50.480A48

aN/A: not applicable.

Table 18. The quality categories of design features with significant mobile phone self-efficacy (MPSE) coefficients.

LaMaHa

A22: contingent rewards with grading or shaping (M)cHb

A10: remind to record PA (A/O)A3: social approval (A/O)

A8: browse PAd goals (A/O)

A10: remind to record PA (A/O)

A13: browse health goals (A/O)e

A35: PA fulfilled as a contract (A/O)

A41: talk to role models (A/O)

Mb

A6: set PA goals (M)

A22: contingent rewards with grading or shaping (M)c

A25: PA history (M)c

A26: comparing actual PA with PA goal (M)c

A45: prompt mental imagery (M)

A26: comparing actual PA with PA goal (A/O)eLb

aComparing level represented by a dummy variable.
bReference level.
cThis category also listed as a winning category in the Kano analysis on the medium-PA participants.
dPA: physical activity.
eThis category also listed as a winning category in the Kano analysis on the high-PA participants.

Discussion

Principal Findings
The Kano analyses provide evidence with which to answer the
research questions. Overall, BCT-based exercise-promoting
features that can attract middle-agers are limited. The analysis

on the total sample revealed that visual demonstration of
exercise instructions (A30) may be the only attractive design
feature, whereas the other 51 design features are perceived as
indifferent. This result is not surprising, as studies have reported
physical inactivity in the middle-aged population [57,58],
explaining a potential lack of motivation to use these persuasive
features. Our Kano analyses also suggest 6 positive design
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features for mobile phone users with middle-PA, 21 for low-PA
users, whereas also recommending 14 for high-MPSE, 6 for
medium-MPSE, and 1 for low-MPSE users. The second research
problem is answered by comparing the Kano analysis results
to the prevalence numbers proposed in [34]. The analysis
suggests that the implementation of demanded features could
be low, as the average prevalence of demanded design features
is 20% (4.3/21).

The third research question is answered with the findings
obtained by the Kano analysis and the multinomial regression
analyses. We found that both PA and MPSE could influence
customers’ quality perception, whereas the magnitude of effect
is larger for MPSE, because MPSE effects quality perception
of more design features than PA.

Implications for Design Features
Customization has been proposed as important to mHealth apps
[12,59], assuming that users with different characteristics are
associated with different needs. Our finding is consistent with
this assumption, as the quality perception differs across the
levels of PA and MPSE. Accordingly, apps should measure
users’ PA and MPSE for customization settings. However,
inappropriate customization (eg, too many or incorrect features)
will overload users with cognitive complexity which increases
errors and reduces operational efficiency. Besides, adding more
choices and options to a single user interface will create
uncertainty and induce distraction, finally leading to negative
experience [60]. Therefore, customization requires knowledge
regarding the right functions delivered to the right users who
need them. This study contributes with the design
recommendations grounded in the Kano study with which
exercise-promotion apps can adapt the function provision and
user interface to user needs and enhance the positive user
experience.

Health care experts and app designers are often challenged with
the question of what functions to offer, as the number of
exercise-promotion apps is rapidly increasing [61]. The
attractive features offered in our Kano study can shed light on
the answer, as focusing on attractive quality attributes will
outperform only providing expected quality attributes in
maintaining strategic advantage [62]. Besides, implementing
attractive designs may incur no risk, as low performance in such
designs will not increase customer dissatisfaction as defined in
the Kano model. One function to build for all middle-agers is
visual demonstration (A30), as visual demonstration is the sole
attractive design to the total sample. Even though the prevalence
of this function has been proposed as high as 47% [18], app
designers are still encouraged to delve into more varieties of
this feature (eg, exercise demonstration with virtual reality [63]).
Besides, our analysis also reveals 4 features (ie, A12, A24, A29,
and A52) which should be provided to low-PA middle-agers,
whereas A11 should be delivered to medium-PA users. This
suggestion echoes the importance of behavioral monitoring in
PA promotion [34], as A11 (automatically record PA), A12 (set
health goals), and A52 (reminding to PA) relates to behavioral
facilitation. Furthermore, as motivational interviewing and
self-talk were not present in any app analyzed in [33], offering

A24 (reminding past success in exercise) would create unique
value in the market.

For three design features in demand but with little or no supply
(ie, A21, A22, and A23), we propose design guidelines based
on existing findings in the literature. For A23 (prompt
generalization of exercise), we suggest app designers including
indoor maps (eg, Google Indoor Maps) and remind users with
location-based messages to encourage stair use. For example,
when users are very close to a stair, messages invoking heuristic
processing (eg, use the stair) should be used, whereas when a
stair is placed at some distance allowing systematic processing,
messages should be designed to induce systematic processing
such as “will you take the stair? [64]” To perform well in A21
(contingent reward for exercise practice) and A22 (contingent
rewards with grading), an app should collect information
regarding user practicing PA and offer users with rewards
contingent on user behavior. As existing studies have proposed
diversified reward structures [65,66], app designers should
implement the reward structures and test their effectiveness in
a natural setting. Apps can exercise persuasive appeals to induce
intrinsic motivation so that users can understand the importance
of exercise. This requirement is also reflected in our finding, as
A1 (general consequences of exercise) and A2 (customized
consequences of exercise) are categorized as must-be by low-PA
participants. As with extrinsic motivation, app designers can
consider to cooperate with advertising agencies and provide
users with economic incentives (eg, The AIR MILES incentives
[67]).

Although comparing needs against features supplied, social
comparison and social support were surprisingly rated as
indifferent, even in the high-MPSE subsample. This finding
seems contrary to the popularity of social networking functions
in exercise-promotion apps for the younger population. As most
of the participants used social networking apps (eg, LINE and
Facebook), we therefore assumed that they should be aware of
social networking apps and own experiences in basic functions,
which suggests that middle-aged adults did not intend to receive
social support or conduct social comparison via
exercise-promotion apps. Possible explanations are as follows:
for those middle-agers who overlap PA with social life, they
may have formed own styles to interact with exercise partners.
On the other hand, a habit of separating exercise from social
life also weakens the need for sociability of exercise-promotion
apps. Accordingly, this study suggests that app developers
should consider keeping social networking functionality to a
minimum extent, and allowing users to disable functions or hide
related widgets in the interface from being seen. Another
recommendation is to connect with existing social networking
apps (eg, LINE and Facebook) in order to minimize the
cognitive load in learning new apps.

Comparison With Prior Work
The formative study was reported by Rabin and Bock [21], who
proposed that mobile phone users had a number of specific
preferences with regard to PA. This study is in line with [21]
in increasing understanding on how mobile phone users perceive
app features promoting PA. Uniquely, this study is grounded
with the BCTs proposed by Michie et al [22] and targets the
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cohort of middle-aged adults, therefore offering more insights
on their appraisals on mobile phone features promoting PA. To
our knowledge, this work is also the first to address
middle-agers’ quality perception toward design features of
exercise-promotion apps. With our empirical findings, this study
offers strategic recommendations for app developers to create
value with attractive features that can induce positive emotion.

Existing works have proposed that technology self-efficacy can
influence perceived usefulness on computing devices in health
care [68]. This study is in concordance with [68] in
understanding the effects of technology self-efficacy on
perception toward technology use. Uniquely, our finding
contributes to current literature in the finding that MPSE
influences quality categorization. In particular, high self-efficacy
seems to make features look more attractive, whereas medium
self-efficacy only considers something she or he must have.
This finding not only contributes to the self-efficacy studies
with new evidence, but also informs practitioners of the
importance of increasing user’s confidence.

Limitations
The limitations of this study include the small sample size. The
findings are also limited in that the participants were not based
on probability sampling. As we interpreted the Kano analysis
results in an aggressive approach, the effect of indifferent
perception was therefore weakened through the analysis. A
larger sample should be used to alleviate these issues in future
study design.

To avoid participant fatigue, we created the questionnaire based
on the 40 BCTs proposed by Michie et al [22]. Future studies

are recommended to adopt the 93 techniques in the BCT
taxonomy (v1) to generate more design features. This study is
also limited due to its cross-sectional design. With randomized
controlled trials, a study can more easily attribute any observed
effect to the treatments being compared, from which strong
evidence can be derived [69].

Conclusions and Future Research
Patient-centered care (PCC) advocates that patient needs and
preferences should be respected [70]. Following the PCC
principle, this study fills the research gap by offering the design
recommendations of exercise-promotion mobile phone apps for
middle-agers. Visual demonstration is the sole feature that
should be implemented for middle-agers, whereas design
features customized for middle-aged adults of different
characteristics are also provided. By comparing the needs in
our findings to the current supply of app features, attractive
design features are suggested to enhance strategic advantage of
app developers. In addition to these recommended app features,
MPSE is identified as a dominant factor inducing attractive and
one-dimensional quality perception, where quality categorization
by high-MPSE participants mostly (ie, 12/14) falls into
one-dimensional, whereas all (6/6) of the non- indifferent
categories by medium MPSE participants are must-be. The
results by the multinomial regression analysis also indicated a
similar pattern. Although current literature have proposed that
self-efficacy influences perceived usefulness and perceived ease
of use [68], the relationship between technology-use
self-efficacy and quality categorization may remain an open
question. This calls for future research to explore the underlying
mechanisms behind the findings.
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Abstract

Background: While gains in reducing smoking rates in Finland have been made, prevalence rates are still substantial. Relapse
rates among smokers engaged in quit-smoking programs are high. Physical activity has been proposed as one means to help
smokers manage cravings. Software and apps on mobile phone and handheld devices offer an opportunity to communicate
messages on how to use physical activity to manage cravings as part of quit-smoking programs.

Objective: We aimed to test the feasibility, acceptability, usability, and preliminary efficacy of an mHealth mobile phone app,
Physical activity over Smoking (PhoS), to assist smokers in quitting smoking in a randomized controlled trial. The app was
designed to prompt smokers to engage in physical activities to manage their smoking cravings.

Methods: Regular smokers (n=44) attended a group-based behavioral counselling program aimed at promoting physical activity
as an additional aid to quit. After quit day, participants were randomly allocated to an intervention (n=25) or to a comparison
(n=19) group. Participants in the intervention group were provided with the PhoS app and training on how to use it to assist with
relapse prevention. Participants in the comparison condition were provided with generalized relapse prevention training.

Results: Some participants reported that the PhoS app was useful in assisting them to successfully manage their cigarette
cravings, although compliance across the sample was modest and participants reported low levels of usability. Participants
receiving the PhoS app did not report greater abstinence than those who did not receive the app. However, participants receiving
the app were more likely to report greater abstinence if they did not use pharmacological support, while those who did not receive
the app reported greater abstinence when using pharmacological support. Participants receiving the app reported greater levels
of physical activity than those who did not. Results revealed that the app resulted in better retention.

Conclusions: The PhoS app showed some potential to reduce abstinence among participants not using pharmacological therapy
and to increase physical activity. However, problems with usability and lack of effects on abstinence raise questions over the
app’s long-term effectiveness. Future research should prioritize further development of the app to maximize usability and test
effects of the intervention independent of quit-smoking programs.
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Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): 55259451;
http://www.controlled-trials.com/ISRCTN55259451 (Archived by WebCite at http://www.webcitation.org/6cKF2mzEI)

(JMIR Mhealth Uhealth 2017;5(5):e74)   doi:10.2196/mhealth.6252
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Introduction

The harmful effects of smoking on health are well documented,
but quit rates are low and long-term relapse rates range from
75%, for smokers adopting combined therapies of counseling
and pharmacotherapy to assist quitting, to 95%, for smokers
who adopt a complete abstinence (“cold turkey”) strategy
without pharmacological or therapeutic support [1-3]. A
systematic review of the effectiveness of smoking relapse
prevention interventions [4] indicated that self-help treatments
can aid relapse prevention. Mobile phone apps have been used
either as a stand-alone treatment program to assist quitting or
as a self-help tool in combination with other treatment programs
[5]. Behavioral interventions delivered through mobile phones
and handheld devices offer promising opportunities to expand
psychological practice [6,7], and the integration of effective
behavior change interventions using software in these devices
[8] (collectively known as mHealth apps) may help develop
stronger evidence in future research in this field.

Physical activity has recently been incorporated into existing
smoking cessation counselling programs as a cessation aid
[9-12]. There is good evidence for the acute, short-term effects
of physical activity on smoking-related variables. Research has
indicated that physical activity acutely reduces cigarette craving
[13-15]. The literature suggests a wide range of intensities, from
isometric exercises and yoga to high-intensity activities with
heart rates of up to 85% of maximum, as an aid to managing
cigarette cravings and withdrawal symptoms [13-17]. However,
although evidence of the positive effects of physical activity on
reducing cravings is promising [13-16], most of the research
focuses on acute, short-term effects, and findings are limited
by a lack of long-term follow-up and a focus on laboratory-based
studies. Therefore, there is a need for interventions to examine
the long-term effects of physical activity on cigarette cravings
and smoking cessation in real-life situations. Similar efforts in
this line of research have been initiated [17,18], but none have
adopted mobile technology and mHealth apps.

The use of mHealth apps may provide a valuable platform to
test the feasibility of physical activity interventions to reduce
smoking cravings and promote quitting in real-life contexts. To
serve this purpose, we developed an mHealth app, Physical
activity over Smoking (PhoS), to support smokers trying to quit
in managing their cigarette cravings and abstaining in the long
term using short bouts of physical activity as a behavioral
substitution strategy. We based the PhoS app on psychological
theory and evidence-based relapse prevention strategies [19].
Following its development, we aimed to assess the feasibility
and acceptability of the PhoS app for use by quitting smokers,
and to test its effects in changing outcome measures (abstinence,
self-reported cravings, relapses, and awareness of cravings) in

a small-scale randomized controlled trial (ISRCTN55259451;
Multimedia Appendix 1 [20]).

The aim of this preliminary study was to assess the feasibility,
acceptability, and preliminary efficacy of the newly developed
mHealth app PhoS. We predicted that use of the app would be
feasible as a means to assist smokers wanting to quit and would
have high levels of acceptability consistent with research using
mHealth apps in other behavioral health contexts. We also
hypothesized that smokers using the app would have high
abstinence rates, lower self-reported cravings and relapses, and
greater awareness of cravings.

Methods

Participants, Procedure, and Randomization
We screened participants for eligibility by having them complete
a short battery of questions online. Eligibility criteria were age
(adults 18-65 years), regular smoking (smoking >10
cigarettes/day), no existing mental health condition or other
addictions, expression of high motivation to quit, and no health
conditions for which physical activity was contraindicated.
Noneligible participants were referred to their general
practitioner for further health advice. We invited participants
who met the eligibility criteria and gave verbal consent to
participate, via a telephone call, to take part in a smoking
cessation program, consisting of 3 weekly counseling sessions,
and helped them set a quit date. Participants who reached the
quit day were randomly allocated to an intervention or a
comparison group. Within 3 to 7 days after their quit day,
participants in both groups had a fourth session with the study
nurse and were provided with group training on relapse
prevention and prompted to form action plans to cope with their
cravings. Participants in the intervention group received
additional training for using the mHealth app. After they
downloaded the PhoS app to their mobile phones, they were
provided with instructions on how to use it as an additional
support tool whenever they experienced cravings. Participants
without a mobile phone or with one that was incompatible with
the app were provided with a mobile phone with the PhoS app
preloaded for the duration of the study. Those allocated to the
comparison group were provided with guidance to develop an
action plan to overcome relapses. The intervention group
received the same training but with an emphasis on identifying
short bouts of physical activity that can be used in everyday-life
situations to overcome cravings. Then, they were provided with
instruction on the use of the PhoS app as a support tool.

We randomly allocated participants to the intervention or the
comparison group using version 4 of Research Randomizer, an
online randomization tool [21]. The principal investigator
generated the allocation sequence and the study nurse assigned
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participants to groups. The principal investigator was blinded
to the participants’ data up to the first follow-up occasion, and
the study nurse was blinded to the allocation sequence until the
day of randomization. Participants were blinded to group
assignment. Sessions took place at the Jyvaskyla Community
Primary Health Care Center in Central Finland and the
University of Jyvaskyla campus.

Screening data were collected via an online questionnaire. Those
who were eligible received a telephone call from the study nurse
to set up a time for the first session at the health center or
university campus to complete baseline measures after they
agreed to participate by signing the consent form. We collected
data from the face-to-face sessions via a paper-and-pencil
questionnaire. Follow-up data were collected via online
questionnaires after an invitation from the research assistant via
email or text message, which contained a link to the online
questionnaire. App users’ data were automatically uploaded
daily to a secure university server reserved for this purpose. We
obtained ethics approval from the Ethics Committee of the
Central Finland Health Care District (Keski-Suomen
Sairaanhoitopiirin Eettinen Toimikunta).

Intervention
The intervention has been described in detail in the published
study protocol [19]. The main theoretical frameworks used for
the intervention and app development were sociocognitive
theory [22], the theory of planned behavior [23], control theory
[24], the relapse prevention model [25], and motivational
interviewing [26]. The behavior change techniques based on
these theoretical approaches that we used in the interventions
were self-monitoring, setting goals, setting graded tasks,
reviewing behavioral goals, and planning action and coping.

The majority of the sessions were group based, but we organized
some individual sessions for those who missed the group
sessions. All sessions were delivered by the study nurse, who
had previous experience with counseling smokers to quit and
an additional 3 hours of training from the research group on
how to deliver the specific intervention. In most of the sessions,
a member of the research group who was also an accredited
psychologist was also present and kept notes throughout the
procedure to ensure adherence to the protocol and participated
in group discussions related to the promotion of physical activity
if needed.

The first 3 sessions, common to both groups, aimed to help
participants quit smoking. The promotion of physical activity
as a supportive behavior to decrease, and eventually quit,
smoking was a central part of these sessions. The aim of the
fourth session, which was held after random allocation to the
intervention and comparison groups, was to support participants
in developing relapse prevention plans and action plans to
manage cravings. The only difference between the 2 groups in
this fourth session was that, for intervention group there, we
emphasized using short bouts of physical activity (taking a brisk
walk, stretching, breathing, balance, etc) as the main craving
management strategy.

The PhoS app was introduced as a tool that would give them
ideas of what physical activities to do and how to do them

depending on their individual and situational conditions. The
app drew from a database that contained strategies based on the
relapse prevention model [27,28] and the taxonomy of behavior
change techniques for smoking cessation [29]. The app database
includes a pool of 57 introductory messages (eg, “Researchers
have found 70 poisonous chemicals in cigarettes which cause
cancer. Stay healthy!”), 49 motivational messages (eg, “feel
like a winner, not miserable after 3 minutes!”), and 64 physical
activities (eg, “Stretch your upper arms. Hold for 10 seconds
each”), all of which were coded to appear according to the users’
profile and status.

Data entries were self-initiated whenever participants used the
app. All usage data were automatically uploaded to the server
whenever the device was connected to the Internet. Participants’
identification number and profile settings were entered when
the PhoS app was installed on their mobile phones and used for
the first time. After that, every time users reported experiencing
a craving, they were prompted to provide situational information
regarding mood, place, and social environment. According to
users’ profile information and the situational status, a variety
of physical activities accompanied by theory-based motivational
messages were suggested. Physical activities were animated to
demonstrate the suggested activities in a visual form. Finally,
each time participants used the app, they were asked to provide
feedback if they had successfully managed the craving.
Screenshot 1 in Multimedia Appendix 2 provides details of the
profile settings (eg, sex, age, days since quit date) screen.
Screenshot 2 provides an example of the situational data users
could enter each time they used the app (mood, place, and social
environment). Screenshot 3 displays some examples of the
animated physical activities provided to participants to
demonstrate the activities. Finally, screenshot 4 provides an
example of the feedback users were given after they had used
the app.

Participants’ use of the app was monitored by the PhoS app,
which automatically uploaded participants’ data to a central
server. When participants had not used the PhoS app for 1 week,
they were contacted to check whether there was a technical
problem or they had stopped using the app. If they reported that
they were not using the app any longer, they answered a short
questionnaire to assess the reasons for discontinuing its use.

Measures

Implementation Outcomes
We assessed engagement with the PhoS app through data
extracted from participants’mobile phones indicating frequency
and duration of app use. Moreover, we calculated retention rates
of the app users for the same time points as the other follow-up
measures.

We assessed fidelity of app use through open- and closed-ended
questions to record whether participants had used the app as
instructed, as well as questions regarding any other additional
support they used (eg, pharmacological, other mHealth apps).
Additional usage monitoring data were extracted from the
phones to describe usage. Fidelity was assessed at 3 days and
at 1, 3, and 6 months after participants had started using the
app.
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We assessed usability of the app twice, at 1 week and 1 month,
after participants had started using the app. Participants
completed the System Usability Scale (SUS) self-reported
questionnaire [30], a 10-item scale measuring subjective
components of usability. Responses were provided on 5-point
scales ranging from strongly agree (1 point) to strongly disagree
(5 points). Moreover, participants who stopped using the app
at any point during the trial were prompted to supply reasons
why they had done so using an open-ended question.

Preliminary Efficacy Outcomes
The primary efficacy outcome was self-reported 7-day point
prevalence abstinence (PPA) at 7 days prior to each scheduled
follow-up [31]. PPA measures after the quit time point and at
the end of the follow-up (6 months) were verified by a saliva
cotinine test [32].

Secondary outcome measures were self-reported number of
relapses during the last 7 days, self-reported number of cravings
during the last 7 days, and self-efficacy of being aware of
experiencing cravings (AEF; “How well are you aware of your
cigarette cravings?”). These 3 single-question assessments were
collected at the same time points as the main outcome measure.
We assessed 2 more secondary outcomes: self-efficacy in
managing cravings (MCEF; “How well do you manage your
cravings?”) and the power of control in managing cravings
(CCM). The CCM was assessed with 6 items with different
permutations for the intervention and control groups. An
example item is “If I am in a situation where I celebrate with
my friends...,” then the answer for the intervention group was
“It will be more difficult to use [the] PhoS app to control my
craving for tobacco,” and for the comparison group it was “It
will be more difficult to do something to control my craving
for tobacco.” Responses were given on 7-point scales ranging
from totally agree (1 point) to totally disagree (7 points).
Multimedia Appendix 3 displays the intervention timeline and
the detailed measurement time points for each group and all
measures.

We also included additional outcome measures: self-reported
physical activity assessed by the International Physical Activity
Questionnaire (IPAQ) [33] collected at sessions 1 and 3, and at
the 6 month follow-up time points; and attitude, intention, and
perceived behavioral control with respect to increasing physical
activity behavior [34] at sessions 1 and 4. We assessed attitude
using 6 items on 7-point semantic differential scales ranging
from –3 to +3 points (eg, “To increase physical activity in the
following month will be for me...” good-bad,
unpleasant-pleasant, wise-silly, easy-difficult, healthy-unhealthy,
important-not important). We measured intention using 3 items
with responses provided on 7-point scales ranging from very
likely (1 point) to very unlikely (7 points) (eg, “In the following
month I intend to increase physical activity”). We measured
perceived behavioral control using 4 items on 7-point scales
ranging from complete control (1 point) to very little control (7
points) (eg, “How much control will you exert over exercising
regularly during the next month?”).

Statistical Analyses
We conducted all main analyses using the intention-to-treat
method with participants remaining in their originally assigned
groups after random allocation regardless of adherence or
protocol deviation. We also performed the same analyses using
complete-case analysis. We report data using descriptive
statistics, including mean, standard deviation, and frequencies,
and used analysis of variance to test group comparisons on
baseline and demographic data. Logistic regression examined
differences between the groups on the dichotomous primary
outcome variable: abstinence versus nonabstinence at the
6-month follow-up time point. We tested group differences at
all follow-up time points using a 3 (time points: baseline, 1
week, 6 months) × 2 (groups: intervention, control) generalized
linear mixed model (GLMM) with logit link function. We
identified the use of pharmacological support as an important
control variable in the preliminary analyses and added it to the
models as a covariate. We also used a series of GLMMs of
identical design to analyze the continuous secondary efficacy
measures AEF, MCEF, and CCM during the follow-up period.
In addition, a series of GLMMs with Poisson link function using
the same design as the previous analyses analyzed the number
of cigarettes and number of cravings. For number of relapses,
AEF, MCEF, and CCM, nonparametric Mann-Whitney U tests
compared differences between the intervention and comparison
groups at the 6-month time point. We used R statistical package
software version 3.1.3 (R Foundation) for all analyses.

Results

Participant Flow
The initial response rates in recruitment were lower than
expected, so we extended the recruitment period and used
several additional recruitment methods. A radio interview with
the study nurse on a local radio station was the most successful
and immediate recruitment strategy. Of the 147 individuals who
completed the screening assessment and were eligible, 49 agreed
to participate and entered the smoking cessation intervention.
A total of 44 participants reported quitting and were randomly
allocated into intervention (n=25) and comparison (n=19)
groups. The groups were not balanced because the group
allocation was an ongoing procedure and the randomization
sequence was generated for 50 participants (25 for each group),
but only 44 people were finally randomly allocated. Figure 1
illustrates the flow of participants. Some participants did not
attend all 3 of the prequit sessions. However, we included those
who attended at least one session, managed to quit, and also
attended the fourth session in the follow-up group (n=4). A total
of 34 participants completed all of the follow-up measures (77%
retention rate); 19 of the 25 participants allocated to the
intervention group completed all the follow-up measures (76%
retention rate) and 15 of the 19 participants allocated to the
comparison group completed all the follow-up measures (79%
retention rate). The most common reason participants gave for
dropping out at follow-up was relapse back to smoking and no
longer wanting to continue the study.
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Figure 1. Participant flow chart. ITT: intention-to-treat.

Baseline Data
All participants were of Finnish nationality. Six (14%)
participants had a university education, 16 (36%) had an applied
sciences education, 14 (31%) had a vocational school education,
and 3 (7%) had a secondary school education only. Regarding
employment status, 33 (75%) were employed, 3 (7%) were

unemployed, 3 (7%) were pensioners, and 5 (11%) were
university students. Table 1 presents additional characteristics
of the study participants.

Table 2 presents descriptive measures by group for all sessions.
There were no differences between groups in demographic
characteristics (Table 1) or among all measures during all
sessions (Table 2).
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Table 1. Participant characteristicsa.

Study groupCharacteristics

Comparison (n=19)Intervention (n=25)All (n=44)

SD or %Mean or nSD or %Mean or nSD or %Mean or n

11.1638.0511.1639.9210.6739.11Age in years, mean (SD)

13,207.0727,73610,121.2229,28011,436.3028,613Salary (€), mean (SD)

3.9725.783.9125.353.8925.53BMIbin kg/m2, mean (SD)

Pharmacological support

681364166629Used

3263693415Not used

Sex

531060155725Male

47940104319Female

aNo significant between-group differences were detected in the means.
bBMI: body mass index.

Table 2. Descriptive measures (mean scores) during all sessions by group.

Study groupMeasures

ComparisonInterventionAll

SDMeannSDMeannSDMeann

Session 1 (baseline)

5.4415.90198.6914.87227.3015.3541Smoking behavior 7 daysa

3580.263126.15195527.464481.18224719.793853.2441IPAQb

.461.7119.451.6822.451.6941Attitude physical activity

.741.8619.661.7222.691.7941Intention physical activity

.581.9019.701.9822.641.9541Perceived behavioral control over physi-
cal activity

1.043.17191.423.28221.243.2341CCMc

Session 2

3.7310.75195.0711.42194.4111.0838Smoking behavior 7 days

Session 3

4.188.55184.279.35194.198.9637Smoking behavior 7 days

5853.084850.70173770.733204.10194865.023981.6636IPAQ

1.173.82181.483.39191.343.6037CCM

Session 4

4.358.77154.168.18174.198.4532Smoking behavior 7 days

.471.4319.781.5425.661.4944Attitude physical activity

.852.00161.552.65211.322.3637Intention physical activity

.512.04161.202.4121.972.2537Perceived behavioral control over physi-
cal activity

aData from the everyday self-monitoring diary.
bIPAQ: International Physical Activity Questionnaire.
cCCM: power of control in managing cravings.
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Of the 44 participants, 38 took the saliva cotinine test, and 11
of them were verified as abstinent (index 0 or 1), based on a
cutoff value of 10 ng/mL, which is the stated abstinence using
NicAlert saliva cotinine tests [32]. A total of 19 of them had a
medium cotinine index (2-4), and 8 had an index score of 5 or
6. All participants with a score higher than 1 stated that they
were using cotinine replacements (2- to 4-mg tablets or gum
2-8 times/day) and therefore were considered as eligible to enter
the follow-up period for measurements. Data on the saliva
cotinine test at the 6-month follow-up were not available. We
offered the participants several options to take the test (home
visit, by mail, etc), but uptake was extremely low (n=5).
Therefore, verification of self-reported data at the end was not
possible.

Implementation Outcomes

Engagement
Data from some mobile phones could not be uploaded to the
server when connected to the Web, which left 14 (56%)
participants’ data available for engagement and compliance
analysis. We contacted participants to offer them a new phone,
but they declined. We omitted phone data from 5 participants
from analysis because they did not use the app at all after the
initial session. We selected only fully completed cases of use
of the app from the start button entry to the feedback button
entry. We excluded incomplete data units, as we considered
them not to be valid uses of the app. Complete phone data were
extracted for 9 users. Table 3 displays the average use data at
the same time points as the other follow-up measures.

Table 3. Average frequencies of use during the period measured at each time point.

Time pointUse

24 weeks12 weeks8 weeks4 weeks3 weeks2 weeks1 week3 days

2.562.223.561.000.781.110.561.56Duration of use (days)a

0.440.560.780.330.560.670.561.44No. of days of useb

0.300.420.220.220.440.440.781.09Average uses/dayc

0.671.330.780.330.560.670.782.00Total usesd

0.760.970.700.120.800.580.691.79No. of minutes of usee

10.678.6711.563.679.674.113.8912.22Viewsf

aTime period between the first and last day of using the app for each period of measurement.
bNumber of different days the participant used the app.
cNumber of times on average the user used the app in a single day.
d(Number of days) × (average number of uses).
eNumber of minutes the participant used the app in total
fNumber of different views the user has had on the screen during use.

Figure 2. Proportion of app users during follow-up.
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Figure 2 displays the retention rates for app use throughout the
follow-up period. The retention rate at day 3 was the highest
and at month 3 it was the lowest. We defined retention rate as
the ratio of the number of retained users of the app to the number
of participants who completed all study measures at the same
time point.

Fidelity
Fidelity questions for the intervention group aimed to identify
whether participants used the app, how and when they used it,
and, if they decided not use it anymore, the reasons why. Figure
3 illustrates their responses to the closed-ended questions.

Participants’ (n=5) reasons for using the app were “just for fun”
or “just browsing,” while reasons they stopped using it were
“After the initial excitement I don’t think it is for me” or “I
don’t need it any more.”

Fidelity questions for the comparison group tried to identify
whether participants used any kind of additional support to
manage their cravings during the follow-up period. Figure 4
illustrates their responses to the closed-ended questions.

Participants’ responses to the open-ended question asking about
what other methods they used when they faced cravings were
as follows: pharmacological support (eg, Champix, nicotine

replacement products); snus (smokeless tobacco); exercise,
jogging, or running; walks in nature; and doing housework.

Table 4 displays phone data regarding the average frequencies
of participants’ status (mood, place, social environment) and
relapse reports at every measurement time point. Figure 5
illustrates the overall average frequency of situation status and
relapse reporting of all app users, based on phone data, during
the 6-month follow-up.

Usability
We assessed perceived quality of the PhoS app twice, at weeks
1 and 4, after participants had started using the app. Participants’
(n=23) average SUS score 1 week after they started using the
app was 21.6 out of 100. Participants’ (n=20) scores were 21.8
at 1-month follow-up. This indicates a relatively low level of
usability, considering that SUS scores below 68 are assumed
to be below average [30]. Participants’ reasons for stopping
using the app were that (1) they were trying to avoid using their
phone outside of work time, (2) the app did not work on their
phone and carrying a second phone for the express purpose of
using the app was inconvenient, (3) some perceived the
suggested tasks to be “weird,” (4) they did not feel the need to
use the app and they could manage cravings without it, (5) it
was not powerful enough to help them overcome their cravings,
and (6) they did not use apps in general.

Table 4. Average frequencies of situation status and relapse reporting of app users at every measurement time point during follow-up.

Time pointStatus

24 weeks12 weeks8 weeks4 weeks3 weeks2 weeks1 week3 days

0.561.110.220.000.110.220.440.89Positive feedbacka

0.110.220.560.330.440.440.331.11Neutral feedbackb

0.000.000.000.000.000.000.000.00Negative feedbackc

0.000.000.000.000.110.000.000.22Outdoors

0.000.000.000.110.000.000.110.44At work

0.671.330.780.220.440.670.671.33At home

0.440.000.220.110.440.220.440.89Alone

0.221.330.560.220.110.440.331.11Not alone

0.560.330.220.000.000.110.220.67Positive mood

0.110.780.440.330.440.560.441.00Neutral mood

0.000.220.110.000.110.000.110.33Negative mood

a“The app was helpful to manage craving.”
b“I managed not to relapse, but the app didn’t help.”
c“I relapsed.”
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Figure 3. Fidelity responses of the intervention group detailing when, how, and why participants used the app.

Figure 4. Fidelity responses of the comparison group detailing whether they used additional support.
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Figure 5. Average frequency of situation status and relapse reporting of all app users during the 6-month follow-up, based on phone data.

Preliminary Efficacy Outcomes
Overall, intention-to-treat analyses revealed that 36% (n=16)
of the 44 participants who entered the follow-up period as
quitters remained abstinent after 6 months. The abstinence
proportion increased to 53% for those who provided complete
data at all time measurement points (n=30) up to 6 months.

A logistic regression analysis examined the effects of
intervention group (intervention vs control) for differences in
the 7-day PPA at the 6-month follow-up period. Odds of quitting
were not statistically significantly different between the groups
for the intention-to-treat (n=44) and complete-case analyses
(n=30). Multimedia Appendix 4 displays the frequencies and
percentages of successful quitters during the 6-month follow-up

period by group for the intention-to-treat and complete-case
analyses.

We performed the same logistic regression analysis including
use of pharmacological support at the end of the follow-up
period as a covariate, since pharmacological support is strongly
related to the main outcome. Table 5 presents descriptive
measures. Intention-to-treat analysis revealed that the odds of
quitting in the comparison group were lower for those who did
not use any pharmacological support (odds ratio [OR] 0.23,
95% CI 0.02-2.59, P=.24), while odds of quitting in the
intervention group were higher for those who did not use
pharmacological support (OR 16.07, 95% CI 0.83-313). The
group × pharmacological support interaction effect fell just short

of statistical significance (χ2
40=53.7, P=.05).
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Table 5. Frequencies and percentages of successful quitters at the 6-month follow-up time point by group and use of pharmacological support
(nonabstinent/abstinent) for intention-to-treat and complete-case analyses.

Complete caseIntention-to-treatStudy group

AbstinentNonabstinentAbstinentNonabstinent

Intervention group, n (%)

1 (17)5 (56)4 (44)12 (75)Nonabstinent

5 (83%)4 (44)5 (56)4 (25)Abstinent

6 (40)9 (60)9 (36)16 (64)Total

15 (100)25 (100)Total (nonabstinent + abstinent)

Comparison group, n (%)

5 (83)3 (33)5 (83)7 (54)Nonabstinent

1 (17)6 (67)1 (17)6 (46)Abstinent

6 (40)9 (60)6 (32)13 (68)Total

15 (100)19 (100)Total (nonabstinent + abstinent)

The interaction effect was statistically significant in the

complete-case analysis (χ2
26=34.6, P=.01), indicating that, in

the intervention group, the odds of quitting were higher for
those who did not use pharmacological support (OR 62.8, 95%
CI 1.73-2259, P=.02). In the comparison group, the odds of
quitting were lower for those who did not use any
pharmacological support (OR 0.10, 95% CI 0.0-11.29, P=.08).
A 2 (intervention: intervention vs comparison) × 7 (time points:
follow-ups at 1, 2, 3, 4, 8, 12, and 24 weeks postintervention)
GLMM examined the effects of PhoS app use versus nonapp
use for differences in 7-day PPA during the 6-month follow-up
period. There was no statistically significant interaction between

time trend and intervention group (χ2
1=3.6, P=.06) for the

intention-to-treat group. There was a statistically significant
interaction effect between intervention group and use of

pharmacological support (χ2
1=4.1, P=.04), indicating that those

participants in the intervention group who did not use
pharmacological support were more likely to be abstinent during
the entire follow-up period.

Secondary Outcomes
Mann-Whitney U tests indicated that there were no statistically
significant differences between groups for all secondary outcome
measures (relapses, cravings, AEF, MCEF, and CCM) at the
end of the follow-up period (6 months). Similarly, GLMMs
indicated that there were no statistically significant differences
between groups for the same secondary outcome measures
during the entire follow-up period. Multimedia Appendix 5
displays the descriptive statistics of all secondary measures at
all follow-up time points by group.

We included all secondary measures as covariates in the analysis
examining the effect of the intervention and time point on the
primary efficacy measure, abstinence proportion. Only AEF at
the end of the 6-month follow-up period and the intervention

group had a significant interaction effect (χ2
1=4.2, P=.04) on

abstinence for the complete-case analysis. More specifically,
in the intervention group AEF increased abstinence levels,
meaning that for every unit increase in AEF the odds of quitting

were multiplied by 2.5. However, in the comparison group AEF
decreased abstinence, meaning that for every unit increase in
AEF the odds of quitting were multiplied by 0.77.

Additional Outcomes

Physical Activity Behavior
Mann-Whitney U test for differences in IPAQ scores between
session 3 and at the end of the 6-month follow-up period
revealed significant differences (U=23, P=.008) between the
intervention and comparison groups. This result indicates that
the distribution of the difference in IPAQ scores between those
time points was significantly different across groups.
Intervention group participants reported higher physical activity
scores (mean rank=16.20, n=10) than comparison group
members (mean rank=8.77, n=13). The same analysis for testing
the distribution of the difference in IPAQ scores between session
1 and the 6-month follow-up period revealed no statistically
significant differences across groups (U=77, P=.55).

Theory of Planned Behavior Constructs of Physical
Activity Behavior
We tested the role of the sociocognitive variables from the
theory of planned behavior for physical activity in predicting
secondary outcomes (number of cigarettes smoked, AEF, CCM,
and MCEF) using linear multiple regression. Specifically, the
dependent variable of interest was regressed on the theory of
planned behavior variables controlling for treatment group,
pharmacological support use, and time by using
intention-to-treat and complete-case analyses. We conducted
separate analyses for each dependent variable for complete
cases. The number of cigarettes smoked was a dependent
variable at all follow-up time points. Perceived behavioral
control over physical activity was a statistically significant
predictor of number of cigarettes smoked (B=–5.27, SE 2.18,
P=.01) and MCEF (B=1.89, SE 0.57, P=.003). The negative
coefficient indicated that a higher perceived behavioral control
over physical activity score was related to fewer cigarettes
smoked during all follow-up periods. An identical analysis using
the theory of planned behavior measures taken at session 1
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revealed no statistically significant results. There were no other
statistically significant effects. The linear mixed-effects model,
for complete cases, of MCEF × time was significant, indicating
that as time was progressing, MCEF was decreasing (B=–0.75,
SE 0.30, P=.02).

Discussion

Implementation Outcomes
Use of the PhoS app was lower than expected. Retention rates
for app use declined throughout the follow-up period. The
increase of retention rate at 6 months (30%) after the lower rate
at 3 months (10%) implies that there was a group of stable users
throughout the period. After locating those 4 participants, we
determined that their probability of quitting compared with the
comparison group was higher. Characteristics common to these
participants were their annual income, having a higher education
degree, not using any pharmacological support during the study,
and considerably increasing their physical activity from baseline
to the end of the 6-month follow-up period.

Intervention group participants reported that they used the app
mostly when they were at home, with others, and in a neutral
mood. Relapse reporting indicated that when they used the app
they were able to successfully manage their cravings and not
relapse. Nevertheless, the frequency of positive and neutral
feedback indicates that the app was helpful for some participants
but not others for relapse prevention. None of the phone entries
reported a relapse. Qualitative data from the fidelity check
questions revealed when, how, and why participants used, or
did not use, the app. Most participants who reported using the
app used it to plan what to do either before experiencing a
craving or when they had actually experienced a craving.
However, some reported that they used the app for other reasons
also (for fun or just browsing).

Usability
Usability level results were very low. The low SUS scores
indicate that there is a need to review the app and identify
usability problems. However, SUS itself is not diagnostic, so
the results do not shed light on the reasons for low reported
usability. One of the reasons was that, although participants
were given the option to replace their phones with study mobile
phones if the app could not operate on their own device, for
several reasons some participants did not accept that. Using a
second phone for accessing the app introduced an additional
potential bias of usability. The open question for usability
revealed some reasons for the low scores. Most of them are
common reasons that apply to most apps: the person did not
use apps in general or there were compatibility issues with their
device. Fidelity questions regarding the reasons for not using
the app were informative for the attrition in app use. For
example, 1 participant reported that “After the initial excitement
I don’t think it’s for me,” suggesting that the novelty decreases,
and sustained engagement with these kinds of apps is low and
has been previously reported as a reason for attrition in the use
of mHealth apps. Research has indicated that users’ initial
interest in mHealth apps quickly fades as the novelty wears off
[35]. Nevertheless, statements such as “I don’t need it anymore”
were made by users who stopped smoking, used the app for

some time (as long as they experienced cravings), and then
stopped using it once their cravings faded because there was no
reason to continue. Finally, a few statements indicated that some
suggested physical activities were “weird” or were not powerful
enough to help participants overcome their cravings. Overall,
there is significant room for improvement in increasing the
novelty and usability of the PhoS app to improve sustained
engagement and use.

Preliminary Efficacy Outcomes
We found that intervention participants provided with the PhoS
app and training on how to use it did not report greater
abstinence or differences in outcomes relating to craving
management relative to the comparison group. The lack of
differences between the groups suggests that the app did not
provide added value in assisting quitting or managing cravings.
This result may be attributable to the low frequency of use and
level of usability of the app. A further possible explanation may
be that we tested the PhoS app against a strong comparison
group in which participants received the same counseling
smoking cessation program that was promoting physical activity
as a means to manage cigarette cravings. The lack of any
additional added effect of the app might be attributed to the
relative strength of the effect of the counseling intervention in
the comparison group. Responses to fidelity questions by
comparison group participants implied that they also used
several forms of physical activity as a method to manage their
cravings (eg, exercise, jogging, or running, walks in nature, or
housework). It would be interesting in a future study of the app
to use a usual-care comparison group to test whether the app
alone can have an added effect on abstinence rates.

The overall abstinence for all participants (n=44), after 6 months,
was 36% in intention-to-treat analyses and 53% in complete-case
analyses. These long-term abstinence rates are considered
satisfactory, but while generalized comparisons can be made
with other smoking cessation programs, no direct comparison
can be made given that this intervention included several unique
components: behavioral counselling to quit smoking, physical
activity promotion, and pharmacological support. A previous
study [36] reported abstinence rates of 42% (for cognitive
behavior therapy plus nicotine replacement therapy) and 36%
(for physical activity plus nicotine replacement therapy) at
12-month follow-up. Overall, our results compare favorably
with these abstinence rates and support the use of physical
activity as a means to manage smoking cravings in smoking
cessation programs [13-15].

Pharmacological support was also an important moderator of
the effects of the intervention on abstinence. Odds of quitting
were lower among participants in the comparison group who
did not use any pharmacological support, while odds of quitting
were higher in the intervention group for those who did not use
pharmacological support. These interactive effects were evident
during the entire follow-up period. This finding implies that the
app may be an effective supportive tool to promote abstinence
instead of using pharmacological support. Although participants
in the intervention group were free to choose to use
pharmacological support if they wanted to, they were not asked
why they did not use pharmacological support. Therefore, it is
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not clear whether this finding is caused by chance, since it was
not possible to locate a similar finding in previous research, so
this finding should be treated as preliminary. An interesting
avenue for future research would be to examine whether
mHealth apps can be used as an alternative means of support
quitting smoking for people who cannot use, or do not want to
use, pharmacological support.

Secondary Outcomes
After testing all 5 secondary measures as covariates to the
primary efficacy measure, there was a significant interaction
between AEF and group, indicating that increased AEF and
being a member of the intervention group increased the odds
to stay abstinent. According to self-efficacy theory [37,38],
developing awareness of specific situations where efficacy may
be low and mentally rehearsing desired behavior in these
situations appears to enhance efficacy for behavior change. This
finding paves the way for future interventions promoting quitting
smoking to identify situations where participants might lapse
and visualize potential solutions or responses to direct them
away from the typical response of lighting up a cigarette.

Additional Outcomes
Although there were no differences between the groups of users
and nonusers of the app in the main outcome, there were
important group differences in some of the additional outcome
measures. The differences between groups on self-reported
physical activity behavior suggest that the app acted as a
reminder of being more physically active as well. The question
arising from this finding is whether any physical activity
promotion app would have the same effect. According to a
meta-analysis [39], mobile devices are an effective means for
influencing physical activity behavior, but no study has tested
the effect of these apps on smoking cessation.

In addition, higher perceived behavioral control over physical
activity behavior, measured at session 4, was related to
participants smoking fewer cigarettes and higher MCEF capacity
at all follow-up periods, regardless of group allocation and
pharmacological support. Since the same result did not apply
to perceived behavioral control over physical activity behavior
at session 1, it is likely that such changes were attributable to
the smoking cessation intervention. Sociocognitive theories
postulate that sense of control is the most powerful source of
self-efficacy [22,40]. The possible mechanism behind this might
be that successful attempts to control physical activity behavior
had the effect of strengthening self-efficacy to manage cigarette
cravings. Theorists support the existence of this mechanism,
but they claim that this is possible mainly for the same behavior
or domain [22,41], whereas, based on our data, this mechanism
worked for another behavior. This is consistent with research
demonstrating that sociocognitive beliefs translate across health
behavior contexts [42]. Nevertheless, the focus of this study
and the low number of participants precluded a test for a causal
relationship and should be a priority for future research.

Strengths and Limitations
To our knowledge, this is the first study to develop and test the
feasibility, acceptability, usability, and preliminary efficacy of

an mHealth mobile phone app that promotes physical activity
as a means to manage smoking cravings. Lessons learned from
this study may inform future research in this area. The small
number of participants was an a priori limitation of this pilot
study identified in the study protocol [19]. In addition, as is
common to much research on smoking cessation and mHealth
apps, retention was one of the main challenges faced in this
study [35,43,44], and this had a direct effect on the power of
the study results [45,46]. Moreover, generalizability and
applicability are limited due to the low use and usability of the
app.

Future Research
We developed the PhoS app for research purposes, so the focus
was on developing an app with a strong basis in theory- and
evidence-based behavior change techniques. An equal focus on
design, attractiveness, and usability would increase use.
Therefore, future attempts to use the PhoS app as a tool should
first focus on improving its usability. For that reason, the app
code is available, upon request from the first author, for research
purposes only.

Introducing the PhoS app earlier to the participants, during the
smoking cessation intervention, when participants decrease the
number of cigarettes and increase their physical activity, might
improve use of the app (eg, more consistent and coherent use,
at the right time and for the right reasons). This way there would
be more time to practice using the app and provide opportunities
to receive feedback on its use from those delivering the
intervention.

Testing the PhoS app among people who have quit smoking
with a method or program that does not use physical activity as
a supportive aid might reveal useful information in a future trial.
For example, an important question is whether the app can stand
alone and help quitters manage their cravings through short
bouts of physical activity when it is not used in conjunction
with another intervention, such as the counselling quit-smoking
intervention in this study. Another direction for future research
should be to test the use of a physical activity promotion app
as a supportive relapse prevention tool in quit-smoking
interventions.

Conclusion
Overall, implementation results from this study indicated that
the PhoS app needs improvements before being embedded in
a larger trial. Moreover, the app did not have an additive effect
on abstinence based on smoking abstinence beyond the effects
of the counselling quit-smoking intervention. Nevertheless,
findings on the secondary dependent variables shed some light
on the possible mechanisms that were activated by its use,
independently and in combination with the counselling and
pharmacological smoking cessation intervention. Despite the
challenges of research on mHealth apps, there is documented
potential and research on developing apps that are optimally
engaging and usable, as well as an evidence from behavioral
science, that these apps may assist in this potential being realized
in the domain of smoking cessation.
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Abstract

Background: With growing demand for medical information and health applications in pregnancy, the potential of electronic
health (eHealth) and mobile health (mHealth) solutions in clinical care is increasingly unfolding. However, we still do not know
how pregnant women engage with mobile apps, how such apps impact routine medical care, and whether benefit expectations
are met. Whereas recent research has raised the subject of user distribution and analyzed the content of pregnancy applications,
there is still a significant knowledge gap regarding what pregnant women like and dislike about pregnancy tools, along with how
such interventions could be improved.

Objective: The aim of the study was to examine the perceptions and expectations of mobile and Web-based patient-engagement
pregnancy applications. We assessed usability requirements, general acceptance of eHealth, and the impact of eHealth and mHealth
pregnancy applications on the doctor-patient interaction and daily clinical routine.

Methods: A qualitative study was conducted at the maternity department of a major German university hospital. The sample
included 30 women with low- to medium-risk pregnancies. Half of the patients were seen during outpatient care and half were
hospitalized for several days. The extent and frequency of Web- and mobile phone app usage were assessed. Semistructured
interviews were conducted and analyzed using systematic thematic analysis.

Results: Patients had a high demand for Web-based pregnancy applications. Study findings suggested a strong request for
personalization, monitoring, and accessibility for frequent use as main themes derived from the interviews. Fostering patient
empowerment in the doctor-patient relationship was also highly valued for a pregnancy app. Participants favored further integration
of medical apps in their daily routine and pregnancy care. However, concerns were raised about content quality, trustworthiness
of Web sources, and individual data security.

Conclusions: eHealth and mHealth applications are a highly frequented source of information. Expectations and usability
requirements for those applications are also high, thus posing a challenge to interdisciplinary service providers. Patients’ attitude
toward integrating apps in routine care settings was positive with a favorable influence on patient empowerment. Health care
professionals should guide pregnant women toward a successful integration of these educational tools in pregnancy care.

(JMIR Mhealth Uhealth 2017;5(5):e73)   doi:10.2196/mhealth.7040
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Introduction

With patients’ growing demand for medical information and,
at the same time, the rapidly evolving opportunities for health
care providers to integrate and adopt information technology,
the potential of electronic health (eHealth) and mobile health
(mHealth) solutions is increasingly unfolding [1]. Here, eHealth
is seen as the interface of medical informatics, health care
research, and health services, offered preferably via the Web
or mobile technology [2,3]. mHealth encompasses the use of
mobile communication and multimedia, and their integration
in wireless health care delivery systems [4,5]. There is growing
evidence that such applications and interventions enhance the
doctor-patient connection toward a more partner-like
relationship, leading to “patient empowerment” and “patient
engagement” [6-11]. Providing evidence-based information and
Web-based access to electronic health reports could open new
pathways for informing patients. In addition to the omnipresence
and penetration of mobile phones in our society, these options
have the potential to avail mHealth for prenatal and newborn
care, especially in developing economies [12].

Women of childbearing age frequently use the Web and mobile
phone apps as a source of information [13,14]. In addition,
pregnant women, particularly in developed nations, are using
social media to search for information about pregnancy, birth,
and breastfeeding [15]. Women conduct Web-based research
regularly, most often in the early stages of pregnancy when they
have recently entered into a new and possibly frightening life
situation [16]. Over and above other major benefits such as
anonymity, simplicity, and rapidity, the major reason for
searching the Web is the explicit need for advanced knowledge
on a wide range of pregnancy-related topics [17]. Moreover,
pregnant women are sharing their experiences and knowledge
through online communities with other mothers-to-be [17,18].
Interaction in online discussion forums influences maternal
health literacy through increased awareness of health promotion
and health-related knowledge. For some, the information
provided by other pregnant women is valued more highly than
advice from health care professionals [19], thus underlining the
need for high-quality and evidence-based health information
on the Web.

Recent studies on the use of eHealth during pregnancy showed
that most participants trusted Web-based information. However,
the major proportion of these users had none to little knowledge
of websites run by nonprofit organizations [13,16]. Bernhardt
et al showed that mothers of young children mainly accessed
commercial websites for health information, but at the same
time expressed disdain for commercial websites [20].

A closer look at the increasing use of mobile pregnancy apps
presents an ambiguous picture: app developers combine claims
of evidence-based expertise with attempts to engage patients as
part of their promotional efforts [21,22]. Yet, many users do
not actively assess content validity or consider privacy issues
regarding personal data collected by these apps. It is undeniable
that a significant proportion of medical websites and the majority
of mHealth apps are not transparent regarding information
sources and privacy policy [23]. It is important, therefore, that

health care professionals and pregnant women are aware of
these influencing factors, their benefits, and their limitations
[24]. Major providers such as Apple recently took steps to
tighten requirements for medical apps (ie, more stringent data
protection regulations) [25].

Notwithstanding the potentially negative connotations, the use
of Web and mHealth apps undoubtedly opens new spaces for
future progress. Several studies focusing on the use of eHealth
and mHealth during the prenatal period demonstrated increased
patient satisfaction and engagement regarding weight and blood
pressure control during pregnancy [11,26-28], breastfeeding
over time [29], and enhancement of subjective well-being and
self-management [10,30] through the use of digital monitoring
systems.

Whereas the use, the user characteristics, and the content of
pregnancy-related apps are well described [14,17,31,32],
qualitative studies focusing on the patients’ perspective are
sparse. Knight-Agarwar et al described the process of developing
and pilot testing a mobile app to monitor gestational weight
gain. Participants found the app motivational and approved of
the nutritional information, but criticized usability [33]. Two
very recent Australian studies investigated the use and value of
digital media and pregnancy apps, including attitudes toward
the information provided, required features (apps as tracking
device or photo storage), and reservations on data protection
[22,34]. The authors found that pregnant women placed high
value on the information and support received through
Web-based sources and apps; yet, considerations on content
validity or issues concerning data security varied.

Despite the increasing influence of the Web and the rapid
evolution of mHealth technology, little has changed in the
prenatal care visit structure over the past years. In addition, we
still do not know how pregnant women engage with mobile
technology, how these mobile tools affect medical care, and
whether the apparent benefits they promise are provided
[21,35,36].

To fill this gap, this trial aimed to analyze (1) perceptions and
requirements for pregnancy apps from the patients’ perspective
and (2) their impact on daily clinical routine by using qualitative
research methods. We specifically decided to use a qualitative
approach to obtain an unfiltered, unbiased impression of what
really matters to pregnant women. In particular, we focused on
the question of what features such apps must provide to meet
the patients’ expectations, and thus improve pregnancy care.

Methods

Sample
A mixed-method study with quantitative and qualitative
approaches was carried out among pregnant women who
attended prenatal care at the university hospital of Heidelberg
from May to July 2016, a perinatal center of the highest level
providing health services to low, medium, and high-risk
obstetrical patients, and performing over 2000 deliveries per
year. Criteria for eligibility included age of 18 years or older
and a sufficient knowledge of the German language. In total,
37 randomly selected pregnant women were asked to participate,
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30 of whom agreed. Reasons for not participating included lack
of time or interest or poor physical condition. The sample
consisted of healthy and low- to medium-risk patients to detect
different user preferences and needs. Half of the group were
seen during outpatient care (n=15) and half were hospitalized
for the risk of preterm birth (n=15). No acute or high-risk
patients were included in the study. No compensation was
offered to the participants. The participants completed
self-administered questionnaires on medical data,
sociodemographics, and private use of technologies, developed
and validated by an expert panel of doctors and midwives.

Semistructured interviews were carried out with each patient
to gain detailed insight in user perceptions of eHealth solutions
in general after demonstrating the purpose of the questions based
on a very basic patient engagement pregnancy application
(PRELAX). This Web-based application consisted of a simple
survey tool comprising several digital questionnaires and an
information tool covering important evidence-based,
pregnancy-related topics, such as nutrition, sports, body care,
and nursing (Figures 1 and 2). Ethics approval was granted by
the ethical committee of the University of Heidelberg.

Figure 1. Electronic data capture (eDC) tool for patient reported outcome (PRO) data.

Measurements
We gathered medical and sociodemographic data such as marital
status, education, and level of employment. Medical data
included current diagnoses, previous pregnancies, miscarriages,
and number of live-births and were double-checked against the
hospital records. The private use of technologies was assessed
based on individual use duration and frequency. Prior usage of
the Web for information acquisition and interest in pregnancy
eHealth applications or mobile apps were also assessed by the
question: “Have you ever searched the Internet or a mobile app
for specific questions concerning your
pregnancy/hospital/clinical examinations?” Additionally, the
participants were asked to complete a questionnaire focusing
on the technical and graphical implementation and
user-friendliness of pregnancy applications in general. The
acceptance of introducing eHealth applications in clinical health
care and the conceivable impact on the patients’ health status,
treatment, and quality of life was also assessed.

Apart from quantitative measurements, we used qualitative
methods to gain a deeper understanding of the patients’ view
through first-hand experience and truthful quotations of
semistructured face-to-face interviews. Those interviews were
carried out by a trained interviewer under the supervision of a
senior physician with expertise in the field of perinatology and
prenatal diagnostics. The participants were aware that the
interviewer was connected with the hospital but was at no time
involved in their personal health care. Moreover, women were
reassured about confidentiality and encouraged to openly
criticize and provide lively feedback on the care they had
received. After giving written consent, the interviews were
digitally recorded and lasted 37 min on average (34-43 min).
The interview guideline consisted of open-ended questions to
assess (1) user satisfaction with the patient engagement
pregnancy application developed and (2) usability and personal
requirements for the use of eHealth and mHealth services (see
Textbox 1 “interview section”).
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Figure 2. Patient education application “lexicon”.

The interviewer was free to follow spontaneous lines of thought
through a flexible use of the interview schedule. Finally, the
interviews were transcribed and all personal, identifying data
removed.

Data Analysis
Audio-recorded interviews were transcribed verbatim and
verified against the actual recordings by the authors. The authors
reviewed these audio recordings for completeness of captured
data in the notes. Transcripts were analyzed using systematic
qualitative thematic analysis [37]. First, this approach began
with familiarization with the data. Key issues and initial codes
were identified, edited, and grouped into emerging themes to

form the basis of the coding framework. In relation to the
original data, these codes and themes were refined to ensure
theoretical connectedness [38] and were finally defined. The
study team discussed each stage of the analysis process to ensure
correctness of the themes and their supporting data. We used
interrater reliability, constant data comparison, and proper audit
trail of material and processes as validation strategies. Quotes
that reflected the various findings from the original data were
collected for the manuscript (abbreviations: patient [P];
ambulatory [A], stationary [S]) and translated into English.
Qualitative analysis software (QDA Miner Lite 1.4.5) was used
to facilitate data organization using coding frequency, retrieval,
and filter functions.

Textbox 1. Interview section.

Questions used to guide the interviews

• Do you think the digital survey was adequately tailored to your specific situation or would you rather have different questions?

• Considering the graphic design of the application presented: what did you like, what would you like to change?

• What should pregnancy applications provide to meet pregnant women’s expectations and to improve pregnancy care?

• What kind of incentives must be offered to pregnant women to use Web-based or mobile pregnancy applications regularly?

• What do you think about using applications surveying your medical care, health status, or quality of life (ie, mobile apps, Web-based portals)
regularly in clinical routine?
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Results

Demographics
In all, 30 pregnant women were included in the final study
sample. Mean (standard deviation [SD]; range) maternal age
was 33 years (3.4; 27-40) and mean gestational age was 33
weeks (4.3; 25-40). Demographic and pregnancy-related
characteristics of the study population are shown in Table 1.
The most common diagnoses of the participants are listed in
Table 2.

Regarding information procurement, 26 women (87%, 26/30)
frequently used Web sources to gather information on
pregnancy-related topics whereas 18 women (60%, 18/30)
additionally used a mobile pregnancy app. Furthermore, 24
women sought information on prenatal checkups (80%, 24/30)
and 19 participants searched the Web for local maternity
hospitals (63%, 19/30). Only 5 women used online communities

regularly. In all, 87% (26/30) showed interest in patient
engagement applications and were willing to complete health
surveys electronically or via mobile devices in the future.
Misgivings about the use of digital surveys in daily routine care
included preference of personal treatment (n=4), concerns
regarding data security (n=3), and others (n=1). A total of 22
women believed that introducing digital health surveys would
improve clinical health care (73%, 22/30), 2 women assumed
possible deterioration, and 6 women expected no effect at all
(20%, 6/30).

Interview Findings
After analyzing data, three key themes emerged: (1) demanding
expectations and perceptions for Web-based pregnancy
applications, (2) favorable impact on doctor-patient relationship,
and (3) frequent use and challenging requirements of eHealth
applications during pregnancy. To quantify these findings, the
number of counts and the coding frequency are indicated in
brackets whenever possible and appropriate.

Table 1. Sample characteristics (N=30).

n (%)FrequencyCharacteristics

Education level

1 (3)1Low secondary education

8 (27)8High secondary education

5 (17)5Advanced technical college entrance qualification

16 (53)16University entrance qualification

30 (100)30Total

Social status

22 (73)22Married and living together

1 (3)1Married but living apart

6 (20)6Single

1 (3)1Divorced

30 (100)30Total

Level of employment

17 (57)17Full-time

9 (30)9Part-time

4 (13)4Temporary exempted

30 (100)30Total

Current professional position

25 (83)25Employee

5 (17)5Civil servant

30 (100)30Total

Gravidity

10 (33)10First pregnancy

11 (37)11Second

9 (30)9Third or more

30 (100)30Total
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Table 2. Diagnoses (N=30; multiple answers possible).

n (%)FrequencyDiagnoses

3 (10)3Uneventful pregnancy

11 (37)11Cervical insufficiency

6 (20)6Preterm labor

4 (13)4Gestational diabetes

3 (10)3Placenta previa

3 (10)3Status after Caesarean section

3 (10)3Preeclampsia

2 (7)2Vaginal bleeding

7 (23)7Others

Expectations and Perceptions for Web-Based
Pregnancy Applications

Evidence-Based Information
Most pregnant women criticized the lack of scientifically
validated Web sources about relevant topics such as fetal
development, nutrition, or pregnancy-related complications.
From the patients’ perspective, reliable information such as
patient centered medical guidelines should be available on the
Web to prevent uncertainty.

...because there is so much information out there, and
when you get some sort of guideline, just like yours
(relating to the PRELAX app.) Then that’s something
different from reading magazines or other Web-based
portals. [S11]

Health education also played a major role for many participants
(16/30; 53%), particularly for women with a low educational
level or missing medical background.

(It would be important) that the patients were more
informed...Because I have the feeling that many
pregnant women, especially the less educated, just
know too little about their pregnancies...Maybe
through answering the (survey) questions the women
might experience a kind of wow-effect. [A14]

The demand for information was high, in both the inpatient and
outpatient setting. The need for solid background information
through pregnancy Web-based applications and mobile apps
was of major priority.

Personalization
Furthermore, the participants missed a certain personal touch
in most Web-based applications (11/30; 37%). A personal
welcoming message and the possibility to upload pictures such
as fetal ultrasound images were attractive for many women.

Or perhaps...adding a little personal touch. That you
do the log-in and then you read: “Hello, nice to have
you back, Mrs. Smith”. And, I don’t know..., maybe
also a profile and pictures, something like that...Then
it would be more individual and thus more interesting
for the women... [A10]

For some participants it was difficult to cope with unexpected
pregnancy complications such as miscarriages or preterm labor
and many would have liked to share as much information as
possible.

You would like to transmit personal information,
indeed; especially...issues that weigh heavily on your
mind...So that you have a stronger personal link to
it. [S2]

Overall, many participants assumed that the willingness to use
Web-based applications regularly would increase significantly,
if they were more related to the users’ personal concerns.

The Role of Artificial Intelligence and Individualized
Feedback Algorithms
Additionally, more than one-third of the pregnant women (11/30;
37%) expected individualized feedback algorithms via artificial
intelligence software on the data they entered, either as a score
or an interactive graphic. Furthermore, many would have liked
to receive immediate replies to conspicuous answers and
practical advice on how to proceed when experiencing specific
conditions.

That one could simply say: “Oh, the patient’s blood
pressure is relatively high” and then, I don’t know,
just a few simple measures, how to lower it...This
would add tremendous value for most women. [A10]

Interaction: Community-Based Features
Most pregnant women found features to interact and exchange
views with other mothers very useful.

So, what I’ve noticed among my friends: usually
women want to share experiences, make
comparisons...Just like: “Well, the doctor has told
me recently that my baby weighs about 2.5 kg in the
ultrasound measurement. Is this actually normal?
[A10]

Therefore, a common request was standard integration of
communication platforms in pregnancy applications. In contrast
to already existing online pregnancy forums, these
communication tools should be open for lay people and medical
professionals who could then be contacted directly via a chat
feature.
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Somehow there should be a chat room, where a doctor
is available or other medical staff. So, one could
ask...Specific questions...and you might even get a
response from a professional. [A8]

Usability Requirements
As many participants were frequent mobile phone (25/30; 83%)
and tablet (14/30; 47%) users, usability requirements were
consistently high. While pilot testing the new PRELAX
application, most women criticized nonfunctional buttons or
slow loading of a page (16/30; 53%).

The pages must load within seconds. Otherwise it’s
obviously really annoying...When the pages don’t
load quickly, then you might eventually get tired.
[S11]

In general, all women preferred an easy-to-use interface in
Web-based applications and did not want to be held up with
time-consuming technical issues.

Impact on Doctor-Patient Relationship
Before exploring the influence of using eHealth solutions on
the doctor-patient interaction, the participants were asked for
their perceptions of the current clinical routine.

In the experience of many women (9/30; 30%), doctors did not
take enough time for direct doctor-patient interaction; especially
time spent on rounds or conversations was considered far too
short. In addition, some women felt that their physicians did
not get involved enough with their issue and the average
self-perceived knowledge on the patient records was rated as
insufficient.

At the beginning it was a bit tricky here: there were
always a lot of different doctors who then said: “Hum,
sorry, but what exactly did you have?” It was a bit
exhausting for me to explain this again and again,
and then: “Oh, sure, that’s what you had!” [S12]

Another repeatedly mentioned concern (8/30; 27%) was that
women could not discuss their questions due to time-pressure
and their worries about clinical examinations.

Usually the consultation goes by really quickly. Most
of the time you are so excited and nervous thinking:
“How’s my little baby?” that, after you have left the
hospital, you notice: “Oh, I forgot to ask this or that
once again.” [S14]

To solve this issue, several women (16/30; 53%) suggested
using medical applications or Web portals to be prepared for
the consultation. A printed medical report summarizing the most
important facts could then guide the patients through the
conversation with their physician.

For example, if you use medically-validated
applications right before the medical consultation,
then I think it’s great; because you simply have a
good basis for what you want to discuss with your
doctors. During the conversation you probably won’t
forget that much then. [A10]

Interpersonal relations and face-to-face conversations played
an outstanding role in the doctor-patient relationship, especially

for many inpatients (12/30; 40%). Several participants (8/30;
27%) stated that a Web-based pregnancy application, however
good it may be, could never replace individual medical care.

...what I have also noticed in those apps: if you are
asked...to say how you feel...That’s always just a
matter of interpretation, for example what “good”
really means to you. This is an initial assessment to
know where you stand. But it definitely cannot replace
a private conversation—for me, this is still extremely
important. [A7]

However, the participants approved of integrating new
technologies in clinical routine as an excellent addition (7/30;
23%).

I like this principle because...I know exactly, that via
tablet one would admit things you wouldn’t
necessarily tell the doctor or nurse. So, for starters,
you can state it in the application. Of course, a
conversation shouldn’t be missed afterwards, but this
might make it easier for you to overcome yourself.
[S14]

The majority of women (26/30; 87%) wanted applications to
be implemented in routine pregnancy care in order to detect and
prevent serious pregnancy conditions already at an early stage.

Use and Requirements of eHealth Applications During
Pregnancy

Information Procurement
For most women (26/30, 87%), the Web was considered the
major source of information, providing information quickly and
easily. However, some participants criticized the deficient
quality of Web resources, in particular online communities for
future mothers. Several women pointed out that after having
read forum entries they felt insecure and confused.

If you have a certain problem, you quickly start
reading these online forums...I think sometimes this
is not so good, because what you read can be a bit
unsettling.” Interviewer: “Is it also important for you
to know who provides the information?” P: “Actually
yes!...If you hear the same thing from a doctor, it’s
quite different to random women writing about their
stuff (laughs).” [A11]

Thus, some participants used Google to look up pregnancy
symptoms they were experiencing, but would not recommend
it.

Several participants were already using mobile pregnancy apps
regularly (18/30; 60%). They explicitly liked to retrieve suitable
information about relevant pregnancy topics on a weekly basis,
hence, not too much information at once. For many women,
mobile phone apps were considered to be playful but also useful
tools.

I think pregnant women are more likely to use a
mobile app..., which assesses various issues weekly.
So, you know, one could feel somehow accompanied
medically. But it wouldn’t be too much information
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all at once. I think those technical solutions would be
attractive for pregnant women. [S2]

Attitude Toward Digitization
In general, many participants (18/30; 60%) had a positive
attitude toward the growing eHealth movement and could
imagine a more substantial role for applications in daily routine.
For example, one woman suggested connecting mobile lifestyle
apps with medical applications to gather as much data as
possible.

I really think this is appropriate for our age. I mean,
if you look around these days, there is an app for
everything!!...And that is also the trend for the future.
Especially in the medical fields such tools would be
great with already existing standard lifestyle apps. It
would be nice, if you combined these maybe. Then
you would have additional parameters or data on the
general health, sleep patterns, nutrition... [S10]

Furthermore, sharing data among health care professionals (ie,
physicians and midwives) or even health insurance companies
through standardized networks constituted a major request (7/30;
23%).

What you mentioned earlier: that you could forward
your data directly to your gynecologist, midwife,
hospital etc., and they equally have access to the
patient’s data, for example. In a digital age like ours
that would probably be very useful. Then you wouldn’t
have to fill out another form each time. [A7]

Some women also hoped that the technical advantages might
enable faster interventions in case of any critical pregnancy
condition. Although most participants appreciated the
implementation of applications in pregnancy care because of
their easy-use and ubiquitous availability, there was
disagreement on the handling and transfer of personal data.

Data Security
Notably, hospitalized women (6/30; 20%) were worried about
unauthorized third-party accesses to their stored medical data.

Of course, on the other hand one is always afraid that
the personal data might go anywhere, and there is
also the risk of unauthorized accesses to your data
you actually do not agree with. [S5]

Various women (8/30; 27%) expressed concerns about data
security, especially in the field of mobile apps, since many free
apps make private data easily accessible.

As I said, I’m very critical about patient data in
general, especially in terms of data security...If you
have a free app, it really depends on what happens
to the private data. As a matter of fact, usually the
information is stored on the app itself, and so other
apps might gain access to the data easily. [A5]

Despite these misgivings, several women were willing to
transmit their personal data at the touch of a button.

Of course...it would seem reasonable that a
considerable amount of data could be forwarded to
different recipients by using such tools. Also, my

attitude towards data security isn’t like: “For God’s
sake: Cannot be, must not be!” Because, I think that
only those will have access to the data who should
have. So, I do believe that such things might facilitate
certain procedures a lot. [A12]

Personal Incentive
For many participants (11/30; 37%), there was no need to offer
special incentives to use eHealth applications. However, some
women pointed out that they would not have used an application
surveying their pregnancy course from home if they had not
shown any symptoms.

Personally I would be satisfied, if I could obtain
information about my particular situation...But, to be
honest, if I were completely healthy and had an
uncomplicated pregnancy from the beginning to the
end, then my incentives here would be rather low.
Then, I would probably need something else, maybe
like individual health care procedures, that kind of
thing. [A6]

In conclusion, most women (20/30; 70%) wished to benefit
from the new technological solutions and take best advantage
of them for the course of their pregnancy. Particularly the
outpatient group stated that using such applications wasn’t seen
as an end in itself and they were willing to contribute to
implementing pioneering eHealth applications (6/30; 20%).

Discussion

Principal Findings
In our study, the following main requirements of eHealth
applications for pregnancy emerged (see Textbox 2 “key
findings of the interviews”): Most pregnant women, regardless
of age and health status, criticized the poor quality of existing
Web-based information sources and mobile apps. They had an
obvious need for scientifically validated information about
pregnancy-related topics. Regarding the expectations for patient
engagement applications, our findings revealed a strong request
for individualized feedback algorithms and individually tailored
information. Several women favored more interactive apps and
recommended communication platforms for both pregnant
women and medical professionals. In general, usability
requirements were high and the women stressed the need for a
user-friendly interface in Web-based applications and mobile
apps. Since many participants experienced a lack of time in the
doctor-patient interaction, some suggested using Web-based
applications to be better prepared for the consultation. The
majority of the participants also approved of integrating digital
media and modern technological devices in clinical routine and
pregnancy care due to their easy-use and ubiquitous availability.

Nevertheless, several concerns emerged: a considerable number
of respondents had reservations, especially concerning the safety
and storage of personal data in electronic databases or
applications.

Overall, no significant difference could be detected regarding
user behavior and requirements in the 2 sample groups—the
inpatient or outpatient participants. This could indicate that the
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use of eHealth or mHealth doesn’t primarily depend on the
user’s health status, but instead on the socioeconomic
background or education. Further research with a wider

socioeconomic range in the study population is required to
identify different needs.

Textbox 2. Key findings of the interviews.

Key findings

• Mobile and Web-based pregnancy applications as a highly frequented source for evidence-based information about most relevant pregnancy
topics

• Strong request for a more personalized output and preference for interactive applications (eg, individualized feedback algorithms, community-based
features)

• Impact on doctor-patient relationship: fostering patient empowerment and a partner-like relationship

• Openness for integrating eHealth or mHealth applications in daily pregnancy care and potential digital networking among health care providers

• Data security and personal data storage in pregnancy applications as general cause for concern

Comparison With Prior Work
Our findings are in line with other recent trials. Several studies
showed that pregnant women use the Web and digital media to
improve their knowledge [16,20,26,36,39] and how they
evaluate evidence-based information in pregnancy applications
[17]. However, previous research has reported diverging findings
on the reliability of Web resources and confidence in
information offered by medical professionals. Whereas Bert et
al reported that 70% percent of the study participants referred
to the Web as a highly reliable information source [17], our
sample had a more critical stance on this. Inter alia,
Kraschnewski et al found that many future mothers asked “Dr
Google” first when experiencing unknown pregnancy symptoms
[36]. Most of our participants first “googled” pregnancy-related
symptoms, but did not experience positive reinforcement; hence,
they would not recommend it.

Most of the women interviewed demanded rapid and easy access
to evidence-based content on digital media. Lupton et al showed
that information offered by professionals was highly valued
when women had a specific, health-related concern [34]. In our
sample, the need for such information was high in both inpatient
and outpatient settings. Since all participants chose to deliver
in a level-one prenatal center, the general concern regarding
their pregnancy and their child’s health was higher.

Among others, studies from Australia and Norway reported that
many pregnant women enjoyed the emotional support of other
mothers through social media [19,34]. However, most of our
study participants expressed reservations about online
communities as a source of erroneous information. In accordance
with Fredriksen et al, this may be due to the fact that the level
of education in our sample was higher than average.

Relating to data security, our findings suggest that hospitalized
women in particular were aware of the potential harms of
applications with low data protection standards. Then again,
various participants raised little concern about personal data
security, which is consistent with other findings [17,22,40].

In line with other studies [22,24,34], the women in our sample
appreciated interactive modules in applications. The emphasis
on a personalized output of the apps could be part of the demand
for a more personal support, feeling somehow they have medical

support through patient-tailored applications. Lee et al showed
that whereas a social networking function was important for
pregnant women, interaction with health professionals still
remained limited [32,36]. Standard integration of
communication platforms open for lay persons and experts in
such applications would provide the users with professional and
instantaneous advice, leading to a more partner-like relationship.

Whereas Tripp et al assumed that reliance on health care
professionals might be reduced by interactive and personalized
information delivered via mobile phones [24], Ledford et al
showed that no difference was detected on interpersonal clinical
communication [10]. Yet, our observations showed a different
result, as most women in our sample stressed the importance
of individual patient-centered care. eHealth applications were
seen as helpful, but more as complementary tools.

Strengths and Limitations
As far as we know, this is the first qualitative study to analyze
perceptions and expectations of pregnancy applications from
the patients’ perspective in Germany, thus creating a basis for
further research. This study contained a small sample of n=30,
which may be considered as a limitation. However, this sample
size is generally accepted for qualitative studies. Apart from
ensuring richness of data through a qualitative design, the study
demonstrated theoretical connectedness by using direct quotes
from the original data to support themes. Although one should
take care not to generalize these qualitative findings, most results
were consistent with various international qualitative
[19,30,36,41] and quantitative studies [14,31,34] in this field.

Nevertheless, some limitations should be taken into account.
All patients were recruited at a university hospital; therefore,
more patients than average had a history of two or more
miscarriages (4/30, 13%). Furthermore, the average educational
level was higher, potentially resulting in greater health. This
needs to be considered while comparing our results to average
community hospital populations. Further research among
socioeconomically disadvantaged women with a lower
educational level is required to identify different needs.

Conclusions
Whereas previous research has explored the content and use of
pregnancy-related applications, our study provides insight into
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the patients’ perceptions and expectations. We showed that
pregnant women considered evidence-based information and
interactive tools as the most important features. Therefore,
developing medically accurate eHealth and mHealth applications
poses a challenge to interdisciplinary app developers.

The next evolutionary step is to successfully integrate these
evidence-based medical applications into daily health care
practice, fostering both patient engagement and empowerment.
Health care professionals should be committed to guiding
pregnant women through these applications, exploring the ability
to prevent misguiding through nonvalidated educational
information, and thus reduce adverse pregnancy outcomes.
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PRO: Patient Reported Outcome
PRELAX: pregnancy application, term consists of “pregnancy” and “relax”
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Abstract

Background: Sub-Saharan African countries are marked by a high incidence of cervical cancer. Madagascar ranks 11th among
the countries with the highest cervical cancer incidence worldwide.

Objective: The aim of the study was to evaluate the performances of digital smartphone-based visual inspection with acetic
acid (D-VIA) and Lugol’s iodine (D-VILI) for diagnosing cervical precancer and cancer.

Methods: Human papillomavirus (HPV)-positive women recruited through a cervical screening campaign had D-VIA and
D-VILI examinations with endocervical curettage (ECC) and cervical biopsy. Three images were captured for each woman
(native, D-VIA, D-VILI) using a smartphone camera. The images were randomly coded and distributed on 2 online
databases (Google Forms). The D-VIA form included native and D-VIA images, and the D-VILI form included native and D-VILI
images. Pathological cases were defined as cervical intraepithelial neoplasia grade 2 or worse (CIN2+). Physicians rated the
images as non-pathological or pathological. Using the ECC and cervical biopsy results as references, the sensitivity and specificity
of D-VIA and D-VILI examinations for each and all physicians were calculated.

Results: Altogether, 15 clinicians assessed 240 images. Sensitivity was higher for the D-VIA interpretations (94.1%; 95% CI
81.6-98.3) than for the D-VILI interpretations (78.8%; 95% CI 54.1-92.1; P=.009). In contrast, the specificity was higher for the
D-VILI interpretations (56.4%; 95% CI 38.3-72.9) than for the D-VIA interpretations (50.4%; 95% CI 35.9-64.8; P=.005).

Conclusion: Smartphone-based image for triage of HPV-positive women is more accurate for detecting CIN2+ lesions with
D-VIA than D-VILI, although with a small loss of specificity.

(JMIR Mhealth Uhealth 2017;5(5):e72)   doi:10.2196/mhealth.6697
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Introduction

Sub-Saharan African countries are marked by a high incidence
of cervical cancer [1]. Madagascar, in particular, counts about
3194 new cervical cancer cases every year and ranks 11th among
the countries with the highest cervical cancer incidence
worldwide [1].

Because of the long interval between the initial human papilloma
virus (HPV) infection and the development of cervical cancer,
screening has proven to be largely effective in reducing the
incidence of cervical cancer in industrialized countries [2]. In
low- and medium-income countries (LMICs), however, the lack
of expertise and infrastructure makes screening programs
difficult to implement. To overcome this difficulty, one of the
options recommended by the World Health Organization (WHO)
includes HPV testing followed by visual inspection of the cervix
with acetic acid (VIA) as a triage test [3]. A meta-analysis,
however, has shown that visual inspection with Lugol’s iodine
(VILI) may perform better than VIA [4].

Given the concerns about the suboptimal sensitivity of VIA/VILI
tests and the lack of a quality assurance system, the use of digital
VIA (D-VIA) and D-VILI is a promising choice for LMICs.
Smartphone cameras are easy to use, have excellent image
quality, and by sending the images to other on-site and off-site
experts, they offer the possibility to obtain real-time feedback.

A previous study conducted in Madagascar has shown that
off-site detection of cervical lesions based on the evaluation of
smartphone photographs was more reliable than on-site
diagnosis alone [5]. The aim of this study was to assess the
clinical performance of D-VIA and D-VILI examinations for
diagnosing cervical lesions in LMICs.

Methods

The cervical cancer screening campaign took place in the Saint
Damien Healthcare Centre in Ambanja, Madagascar and in five
dispensaries in the surrounding rural areas between February
and October 2015. As a means of primary screening, women
were asked to collect a vaginal self-sample with a sterile swab
(ESwab, Copan, Brescia, Italy). The samples were then analysed
in Ambanja by a point-of-care HPV assay (GeneXpert IV;
Cepheid, Sunnyvale, CA, USA). Women who tested positive
for high-risk HPV genotypes were invited to the Saint Damien
Healthcare Centre to undergo a gynecological examination.
Women were included in the study if they were aged between
30 to 69 years, HPV-positive for high-risk HPV genotypes, able
to understand study procedures, and voluntarily participated by
signing the informed consent form. Exclusion criteria included
a previous hysterectomy, conditions that could interfere with
visualization of the cervix, pregnancy over 20 weeks, or that
they could not comply with study protocol. This cross-sectional
analysis included data from HPV-positive women with a disease
prevalence corresponding to that of real-life conditions (10–15%
cervical intraepithelial neoplasia grade 2 or worse [CIN2+]).

All HPV-positive patients underwent digital VIA/VILI
examinations, which were carried out on the same day or a few
weeks following self-HPV testing. Three images per
examination were captured using a smartphone (Samsung
Galaxy S4 or S5, Seoul, South Korea). The first image
corresponded to the native cervix. The second was captured one
minute after application of a 5% acetic acid solution and the
third following application of Lugol’s iodine. Cervical
(Papanicolaou) smears, endocervical curettage and an average
of 2 biopsies were performed on all patients. If no lesion was
identified, a random cervical biopsy was performed at the 6
o’clock site. Patients for whom a pathological cervical lesion
(CIN2+) was suspected based on the immediate evaluation by
the on-site expert were treated with cold coagulation or large
electrosurgical excision procedure (LEEP) on the same day. A
hysterectomy was scheduled for the following days when
invasive cervical cancer was suspected, if operable. Women
who were not promptly treated on site but who were later
diagnosed histologically with cervical dysplasia were called
again to the Saint Damien Healthcare Centre for further
management.

The GeneXpert device was used on site for HPV DNA detection.
Using a polymerase chain reaction method, this test detects 14
types of high-risk HPV. The results are divided into three
sections: HPV 16, HPV 18/45, and 11 other high-risk HPV
types (31, 33, 35, 39, 51, 52, 56, 58, 59, 66, and 68).
Endocervical samples were collected using an endocervical
brush. A cervical biopsy forceps was used for histological
specimen collection. Both samples were fixed in liquid formalin.
The reference standard for the disease was the histological
evaluation, which was performed in Geneva, Switzerland. The
results were interpreted according to the WHO 2014
classification as Low-grade squamous intraepithelial lesions
(LSIL) and High-grade squamous intraepithelial lesions (HSIL)
and sub-classified as grade 1, 2, or 3 CIN.

Throughout the pelvic examination, photographs were obtained
at a distance of 10-15 cm of the cervix, with 3.3-3.8× optical
zoom and in flash mode. The two smartphones, Samsung Galaxy
S4 and S5, were chosen for their high-quality cameras (13 and
16 megapixels, respectively, both with auto-focus and flash
functions). These devices allow highly precise and detailed
visualization of the cervix after zooming and focusing in on the
target. To improve the stability and quality of the images, the
smartphone was fixed to the ground with a tripod and a support.

The images were uploaded onto two online databases (Google
forms). One form included the native and D-VIA images. The
second included the native and D-VILI images. The images
were randomly coded and distributed on the two databases so
that the D-VIA and D-VILI images of each patient could not
be linked to one another. Overall, 15 physicians with different
clinical backgrounds and experience, blind to the histological
and HPV genotypes, were asked to determine (for each patient
in each of the two Google forms) whether the images of the
cervix were non-pathological (<CIN2) or pathological (CIN2+)
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using IARC Reference Chart for Visual Inspection with acetic
acid (VIA) and Lugol’s iodine (VILI). Figures 1 and 2 represent
a CIN3 case presented on the D-VIA and D-VILI forms,
respectively. The physicians also completed a questionnaire
addressing their own background and experience in colposcopy
(Table 1). The examining physicians were labeled as “experts”
if the number of colposcopies performed in their lifetime was
greater than 300 and if they had at least ten years of experience
in clinical practice. Out of the 15 physicians, 5 fulfilled these
criteria and were labeled as “experts.” The remaining 10
physicians had performed less than 300 colposcopies, had less
than 10 years of experience in clinical practice, and were labeled
as “novices.”

The sensitivity and specificity for the detection of CIN2+ were
calculated for the D-VIA and D-VILI interpretations of each
rater. The correlation coefficients between screener-specific
sensitivities and specificities were assessed for both D-VIA and
D-VILI (Spearman coefficient of correlation). To assess the
global sensitivity and specificity (for all readers), we used

logistic regression models with mixed effects to account for
repeated measures: a random intercept was introduced into the
model, and the random effects for patients and readers were
crossed. Models were applied to patients with a positive biopsy
to assess sensitivity and to patients with a negative biopsy to
assess specificity. Additional logistic regression models with
mixed effects were used to test a difference in sensitivity or
specificity between expert screeners and novice screeners and
to test a difference between D-VIA and D-VILI.

All statistical tests were two-sided, with a type 1 error of 0.05.
Statistical analyses were performed with R Core Team 2015
software (R Foundation for Statistical Computing, Vienna,
Austria) and Stata13 IC software (StataCorp, College Station,
TX, USA).

The study was approved by the Malagasy National Commission
for the Ethics of Science and Technology and the Ethical
Cantonal Board of Geneva, Switzerland (CER: 14–071). The
trial has been registered on clinicaltrials.gov (NCT02693379).

Figure 1. Digital visual inspection using acetic acid (D-VIA). Left. Native cervix. Right. Cervix after acetic acid application.
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Figure 2. Digital visual inspection using Lugol’s iodine (D-VILI). Left. Native cervix. Right. Cervix after Lugol’s iodine application.

Results

Among the 1041 participants screened for HPV, 231 were
HPV-positive (22.2%) and 584 HPV-negative (77.8%). Among
HPV-positive women, 187 underwent digital VIA/VILI testing
in the Saint Damien Health Care Centre. A total of 561 images
were captured during the examination. A total of 120 out of 187
(64.2%) sets of photographs of women who underwent digital
VIA/VILI were considered of good quality and were included
in the study. Images were excluded because of insufficient focus
or inadequate magnification. The resulting disease prevalence
in our study corresponds to that of an unscreened asymptomatic
population (10-15%) [6].

The overall distribution of cervical disease among the 120
patients was 14 (11.6%) pathological cases (CIN2+) that
included 4 (3.3%) cases of invasive cancer. There were 7 (5.8%)
cases of CIN3, 3 (2.5%) cases of CIN2, and 4 (3.3%) cases of
CIN1. In all, 102 (85.0%) cases were negative for any cervical
lesion. CIN1 lesions were considered and managed as negative
cases. Overall, 14 out of 65 (21.5%) CIN2+ cases were promptly
treated with thermocoagulation or conisation, whereas 51 out
of 64 (79.7%) cases were overtreated.

The raters’ mean age was 39.7 years (SD 8.3). Their mean
number of years of experience in clinical practice was 11.0 years
(SD 6.5). Table 1 reports the sociodemographic characteristics
of the 15 raters.
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Table 1. Raters’ sociodemographic characteristics.

n (%)Variable

15Total

39.7 (SD 8.3)Age (years), mean (SD)

Nationality

7 (46.7)Swiss

8 (53.3)Other

Profession

14 (93.3)Medical Doctor

1 (6.7)Other

11.0 (SD 6.5)Years of experience in clinical practice, mean (SD)

Number of colposcopies during lifetime

1 (6.7)0

6 (40.0)<50

3 (20.0)51–300

5 (33.3)>300

Number of colposcopies per year

4 (26.7)0

8 (53.3)<30

3 (20.0)>60

The diagnostic performance of D-VIA and D-VILI varied
broadly among raters: the overall sensitivity was 81.6-98.3%
for D-VIA and 54.1-92.1% for D-VILI. The specificity was
35.9-64.8% for D-VIA and 38.3-72.9% for D-VILI. For both
techniques, the specificity decreased as the sensitivity increased
(ρ=−0.59 for D-VIA and ρ=−0.80 for D-VILI). The overall
sensitivity was 94.1% (95% CI 81.6-98.3) for D-VIA and 78.8%
(95% CI 54.1-92.1) for D-VILI (P=.009). The overall specificity
was 50.4% (95% CI 35.9-64.8) for D-VIA and 56.4% (95% CI
38.3-72.9) for D-VILI (P=.005).

The specificity was higher for experts than novices, but the
difference was statistically significant only for D-VIA (P=.04).
No statistically significant differences between experts and
novices were found concerning sensitivity. Among the expert
raters, D-VIA had higher sensitivity than D-VILI (P=.01) and
lower specificity (P=.02). In novice raters, the trend of the
findings was the same, but the difference in specificities and
sensitivities were not statistically significant (P=.07 and P=.05,
respectively). Table 2 and Figure 3 report the sensitivity,
specificity, and P values for D-VIA and D-VILI among all
raters, experts, and novices.
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Table 2. Sensitivity, specificity, and P value for D-VIA and D-VILI among all raters, experts, and novices

P cD-VILIb

Overall (range)

D-VIAa

Overall (range)

 Parameters

Sensitivity

.00978.8% (54.1-92.1)94.1% (81.6-98.3)All raters (n=15)

.0168.5% (37.8-88.6)93.3% (67.3-99.0)Experts (n=5)

.0582.3% (58.3-94.0)94.6% (78.8-98.8)Novices (n=10)

.12.86P (experts vs novices)

Specificity

.00556.4% (38.3-72.9)50.4% (35.9-64.8)All raters (n=15)

.0270.6% (57.0-81.3)56.2% (44.5-81.4)Experts (n=5)

.0747.0% (26.2-68.9)42.5% (28.5-57.9)Novices (n=10)

.08.04P (experts vs novices)

aD-VIA: digital visual inspection with acetic acid.
bD-VILI: digital visual inspection with Lugol’s iodine.
cD-VIA vs D-VILI: vExperts vs. Clinical PDntion either “e either” re prefrred.

Figure 3. Sensitivity and specificity of digital visual inspection with acetic acid (D-VIA) and Lugol’s iodine (D-VILI) for all raters (red triangle),
experts (blue square), and novices (green circle).

Discussion

Principal Findings
Our study shows that the use of digital images for triaging
HPV-positive women allows detection of most precancerous
and cancerous lesions. When considering all raters, D-VIA
showed a significantly higher sensitivity than D-VILI, whereas
D-VILI was associated with significantly higher specificity.
Furthermore, the specificity of D-VIA was higher among the
more experienced screeners than among the less experienced
ones. Although we did not compare these digital inspection
methods with naked-eye techniques, this last finding could relate
to the fact that bare-eye VILI is relatively easier to interpret

than VIA, whose validity relies more on the experience and
training level of the health worker [4].

As the overall sensitivity was higher for D-VIA, this study
supports the superiority of D-VIA to D-VILI for CIN2+
detection. This result is partly in line with the WHO policy,
according to which a primary visual approach should be
VIA-based [3]. Furthermore, with a sensitivity of 94.1% and
specificity of 50.4% for the detection of CIN2+, D-VIA showed
a performance comparable with the one found in a study
evaluating the performance of a low-cost magnifying device,
the Magnivisualiser, where VIA had a sensitivity of 88.3% and
a specificity of 55.8% [6].
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Although VIA is currently recommended as a single screening
tool, VILI is used to aid health workers in making the diagnosis
because of its higher specificity and facility to interpret,
especially for less-experienced health care providers. The cost
and availability of Lugol’s iodine, however, may potentially be
an obstacle to the use of VILI in LMICs [7], resorting to the
use of VIA alone in some regions.

In comparison to a recent meta-analysis on cervical cancer
screening using naked-eye inspection methods which states that
VILI seems to be the most sensitive test to use in the African
continent, our study shows that D-VIA is more sensitive for
detecting cervical lesions than D-VILI (94.1% vs 78.8%) [8].
The higher sensitivity obtained with D-VIA compared with
D-VILI could be explained by the fact that, in this context, the
raters were able to examine the images for a longer period of
time and to compare the native photographs consecutively with
those with D-VIA. This is not possible with the bare-eye
approach because, once the application of Lugol’s iodine is
completed, the cervix appears as brown or black and the native
and acetic acid appearance cannot be seen anymore. In addition,
because the images were exclusively of HPV-positive women,
the raters may have been inclined to give them a positive score
in anticipation of a higher disease proportion in this group than
in the general screening population.

In a low-income setting, such as that of Madagascar, cervical
cancer screening tools that are commonly used in industrialized
countries such as Pap smear and colposcopy, coupled with the
continuous training of health care providers, are unlikely to be
systematically available. The introduction of a smartphone-based
approach for cervical cancer screening in such settings would
allow to overcome some of the barriers to the implementation
of screening programs in developing countries. The capture of
cervical images with the smartphone camera allows the user to
look back at either the native, post-VIA, or post-VILI cervix
and to magnify the pictures in order to see them more closely
before deciding whether or not to treat. In addition, the
automatic saving of digital images on the smartphone allows
the on-site, often less experienced and less qualified healthcare
worker, to seek advice from long-distance off-site specialists
[9].

Moreover, the use of automated phone applications is on the
rise and might improve and facilitate CC screening in LMICs

by providing a system to classify the images and to guide health
workers through their decision-making algorithm [10]. Such
mobile health tools are either free of charge or come at a very
low price and can be easily installed on a smartphone without
requiring any additional equipment. Their low cost and
practicality distinguish them from other mobile colposcopy
systems, such as the MobileODT (EVA system, enhanced visual
assessment; Tel Aviv, Israel) for which the digital images’
increased sharpness comes at the cost of a far more expensive
and elaborate type of equipment. These aspects make the use
of images taken by mobile phone a promising option for cervical
cancer screening in low-income countries. Whether D-VIA and
D-VILI should be used as a triage test for HPV-positive women
or as a stand-alone screening tool is a question that yet remains
unanswered. Further prospective studies are needed in order to
assess the performance of D-VIA and D-VILI as a single,
co-testing or triage screening tool.

Strengths and Limitations
The strengths of our study were the large number of consecutive
cases included in a “triage context” and the fact that all of them
underwent ECC and cervical biopsy, which served as the gold
standard. In addition, patient recruitment and data collection
took place in a real-world setting, which entails several
consecutive, unselected cases.

Limitations that need to be addressed are the fact that D-VIA
and D-VILI images of each patient were assessed separately
rather than consecutively. Another limitation is the fact that
most of our raters were medical doctors, which does not allow
us to validate our results for all healthcare workers, such as
nurses and midwives. The technical difficulties encountered in
obtaining high quality images also did not allow us to include
pictures of all the patients in the analysis. Additional practice
is necessary in order to improve the quality of the images before
transferring the smartphone use on to a real-life setting.

Conclusions
In conclusion, our study emphasizes the higher sensitivity of
D-VIA when compared to D-VILI for detecting precancerous
lesions, although at the cost of slightly lower specificity. Further
research should focus on comparing the performance of these
two digital screening techniques with naked-eye methods and
on assessing their feasibility in a low-resource context.
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Abstract

Background: It has been shown that mindfulness practice can be helpful in preventing relapse from depression. However,
practicing mindfulness regularly at home is often a challenge for people with depression. Mobile phone text messaging (short
message service, SMS) may be a feasible approach to assist regular mindfulness home practice.

Objective: The aim of this study was to evaluate the feasibility of text message–based feedback to support mindfulness practice
in people with depressive symptoms after inpatient psychiatric treatment.

Methods: Participants received a manualized group introduction to three mindfulness exercises during inpatient treatment and
were randomized at hospital discharge. All participants were asked to practice the exercises daily during the 4-month follow-up
period. Only participants allocated to the intervention group received reinforcing feedback via mobile phone text messages after
reporting their mindfulness practice via text message. Participation rates and satisfaction with the interventions were evaluated,
and effects on relevant outcomes were explored.

Results: Of the 176 eligible inpatients invited to participate, 65.9% (116/176) attended the introductory mindfulness group at
least once, 33.0% (58/176) were willing to participate in the study, and 41 were randomized. The majority 85% (35/41) of these
participants completed the study. Among the participants allocated to the intervention group (n=21), 81% (17/21) used the text
message support at least once. The average number of text messages sent during the intervention period was 14 (SD 21, range
0-91). Satisfaction rates were high. Preliminary analyses of the effects of the intervention yielded mixed results.

Conclusions: Findings indicate that text messaging following inpatient treatment is feasible for some, but not for all people
with depressive symptoms. Modest use of the text messaging intervention and its mixed effects imply that dose and ingredients
of the intervention should be increased for this group of patients in a future full-size RCT. Such a larger study should also include
a process evaluation to investigate moderators of the effect of mindfulness practice and text message feedback on clinical outcome.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN):
58808893; http://www.controlled-trials.com/ISRCTN58808893 (Archived by Webcite at http://www.webcitation.org/6pmrDRnGt)

(JMIR Mhealth Uhealth 2017;5(5):e59)   doi:10.2196/mhealth.7095
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Introduction

A recent meta-analysis showed that mindfulness-based
interventions contribute to reducing depressive symptoms
(d=0.30 at 2 months; d=0.23 at 3-6 months follow-up [1]) and
may be beneficial in the treatment of outpatients with acute
depression [2]. Although some studies evaluated
mindfulness-based interventions for inpatients with psychosis
or borderline personality disorder (eg, [3,4]), to our knowledge,
only one study has evaluated mindfulness techniques in
depressed inpatients [5]. In this uncontrolled pilot study, an
8-session mindfulness program yielded significant pre-post
changes in depression and mindfulness. However, attrition was
considerable with only half of the participants completing the
intervention.

The continuous practice of mindfulness exercises is a key
component of mindfulness-based interventions. Time spent on
formal mindfulness practices, such as body scan and mindfulness
on breathing, is positively associated with outcome [6].
However, with a large share (38%) of people with depression
who received mindfulness-based cognitive therapy (MBCT)
not regularly practicing at home, lack of homework compliance
is a frequent problem [7].

Mobile health (mHealth) apps might increase the effectiveness
of mindfulness-based interventions by improving homework
compliance. Being simple and efficient, the mobile phone short
message service (SMS) is increasingly used to assist the delivery
of mental health care [8]. A growing number of studies show
that various apps of texting (monitoring, feedback,
communication, homework reminders) contribute to improving
uptake and outcome of mental health care [9,10].

Pilot studies have evaluated the use of texting to support
homework assignments for people with depression receiving
cognitive behavioral therapy [11], and as part of a Web-based
monitoring and feedback intervention with a focus on
mindfulness and acceptance [12]. Moreover, although recent
studies have evaluated the effectiveness of Web-based and
mobile phone apps, some of them also with a focus on
mindfulness [13-18], there is a lack of research on the feasibility
of texting interventions to support mindfulness practice in people
with depression.

Thus, we developed a low-intensity program using texting to
support postdischarge mindfulness practice in people with
depressive symptoms receiving inpatient treatment. This
randomized controlled pilot study investigated (1) participation
rates during the different stages of the study and the intervention
(recruitment, introductory group, randomization, texting,
mindfulness exercises during follow-up, return rates of
follow-up questionnaires); (2) satisfaction with the mindfulness
training and the text message intervention; and (3) feasibility
of the outcome measures.

Methods

Design
Recruitment for the study “An SMS-Assisted Mindfulness-based
Intervention for Relapse Prevention in Depression” (MIND-S,
ISRCTN58808893) took place between September 2013 and
June 2014 at Ulm University’s Department of Psychiatry II in
Günzburg, Germany. The hospital provides acute and long-term
inpatient mental health care for a catchment area of about
671,000 inhabitants in rural Bavaria.

MIND-S was a pilot two-arm randomized clinical trial.
Participants were invited to attend mindfulness group sessions
at the hospital before discharge. Randomization took place
shortly before discharge, with participants allocated to the
intervention group receiving a simple texting intervention to
support mindfulness exercises at home. Data was collected at
three measurement points: (1) baseline (after giving informed
consent, before or shortly after the first mindfulness group
session), (2) prerandomization (shortly before discharge), and
(3) follow-up (4 months after discharge). The study was
approved by Ulm University’s Ethics Committee.

Participants
Participants were included if they were inpatients or day patients
aged 18-75 years, and showed symptoms of depression
according to the clinical judgment of their inpatient therapist.
Exclusion criteria were the presence of psychotic symptoms or
a history of schizophrenia, current manic state, risk of a
dissociative crisis, severe cognitive impairment, persistent severe
substance abuse, suicidality or risk of self-harm during the
current illness episode, insufficient command of the German
language, and lack of a mobile phone. To identify eligible
patients, therapists were informed about the study and the
hospital database was regularly monitored. Therapists of
possibly eligible patients were asked to give a more detailed
account regarding inclusion and exclusion criteria. Eligible
patients were contacted personally by the first author SK and
provided with oral and written information about the study,
asked to give informed consent and to complete the baseline
questionnaire, and invited to attend the introductory mindfulness
group. As the mindfulness group was open to all inpatients,
several participants asked to visit the group once, before they
gave their informed consent, and completed the baseline
questionnaire shortly (maximum 1 day) afterwards.

Randomization
After participants returned the prerandomization questionnaire,
they were randomly allocated at a 1:1 ratio to the intervention
or the control group. Randomization was based on a centralized
procedure, which was coordinated by the Heidelberg site
independent of the recruiting clinical site (Günzburg) using
computer-generated random numbers.
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Intervention

Part 1: Mindfulness Group Training During Inpatient
Treatment
The mindfulness instructions used in this study were based on
the exercises suggested by Segal and colleagues [19] on mindful
breathing, mindful walking, and the “body scan.” This program
(“MBCT”) was originally developed for formerly depressed
outpatients. Since participants were acutely depressed, all
exercises were shortened to a maximum duration of 10 min and
guided throughout. Following a general introduction on the
principles of mindfulness and self-compassion in the context
of depression, each of the following guided exercises was
practiced in the group for 5-10 min: (1) mindful breathing, (2)
mindful walking, and (3) mindfulness of the body (“body scan,”
with a focus on feet and legs). Each participant received a short
written description of the exercises to take home after discharge
from hospital, and it was recommended to practice one or more
of the exercises about once a day for at least 5 min.

The mindfulness group training was provided by the first author,
who is a licensed cognitive behavioral psychotherapist with 7
years of experience in both inpatient group therapy and
mindfulness practice, and who completed introductory courses
in mindfulness-based treatments (but did not receive a full
training in mindfulness-based stress reduction or MBCT). The
60-min sessions took place weekly, with the manualized contents
described above being repeated every time. New participants
could join the group at any time. The group was offered as a
part of the standard clinical treatment and was open also to
patients who were not participating in the study. However,
therapists were asked to only send patients who match the study
criteria. Study participants were required to attend at least once
in order to continue the study.

Part 2: Texting After Hospital Discharge
Participants allocated to the intervention group were asked to
send a text message via their mobile phones to the study center
whenever they practiced one or more of the mindfulness
exercises. The text message should contain information on kind
(A for “Atmen,” ie, mindful breathing; G for “Gehen,” ie,
mindful walking; K for “Körper;” ie, mindfulness of the body)
and duration of the exercise (minutes exercised), resulting in a
short alphanumeric code (eg, A10 for a 10-min practice of
mindful breathing, or G5K5 for 5 min of mindful walking
followed by a 5-min body scan). As a reminder, each participant
received a brief pocket guide explaining the code translations
to be sent via text message. After sending a text message, the
participant received an automated reply, which consisted of (1)
a brief positive reinforcing feedback that was drawn from a pool
of 86 messages (eg, “Great! Try to be kind to yourself while
practicing.”), which were formulated in advance by the study
team based on the MBCT literature and randomly assigned by
a computer program; and (2) the total time (in minutes) the
participant had practiced since the beginning of the text message
intervention (eg, “You have already practiced 25 min so far”).
If a participant’s text message did not match the required format,
he or she received a message on how to use the program. A
reminder was sent if no text messages were received for more
than 1 week. Reminders were continuously sent every week

until the end of the intervention in case of persistent
nonresponse. We decided to send reminders weekly instead of
daily because the main function of the messages was to gently
reinforce training behavior (self-management) rather than merely
reminding patients to practice the mindfulness exercises. SK
introduced participants to the text message intervention, which
started immediately after discharge from hospital and lasted 4
months. The few participants with no texting experience
received instructions on how to send and receive text messages.
The intervention manual is available from the authors upon
request.

Participants of the control group attended the mindfulness
training group and were asked to regularly practice the exercises
at home. They did not receive text message assistance during
follow-up. The intervention was an add-on to treatment as usual.
There were no constraints for participants to utilize any other
treatment during the study period. All participants received €25
after returning the follow-up questionnaire. Additionally,
participants in the intervention group received €10 at hospital
discharge to cover their costs for sending text messages.

Measures
Outcomes of the intervention to be expected include broader
effects on depression (severity of depressive symptoms and
perseverative thinking) and on aspects more closely related to
the nature of the intervention (mindfulness and self-compassion).

Severity of depressive symptoms was measured with the German
version of the Brief Patient Health Questionnaire-9 Item (PHQ-9
[20]), which assesses the DSM-IV criteria for major depression
via patient self-report with 9 items on a 4-point Likert scale
ranging from 0 (“not at all”) to 3 (“nearly every day”). The sum
score ranges from 0 to 27 with higher scores indicating more
severe depression.

The German version of the Perseverative Thinking
Questionnaire (PTQ [21]) assesses repetitive negative thinking
without referring to depressive symptoms in the item
formulation. This self-report questionnaire consists of 15 items
answered on a 5-point Likert scale ranging from 0 (“never”) to
4 (“almost always”), which describe how participants typically
think about negative experiences or problems (eg, “My thoughts
repeat themselves”). The total score ranges from 0 to 60, with
higher scores indicating more repetitive thinking.

Mindfulness was assessed with the 14-item short form of the
Freiburg Mindfulness Inventory (FMI; German: “Freiburger
Fragebogen zur Achtsamkeit,” FFA-14 [22]). Items are rated
on a 4-point Likert scale ranging from 1 (“rarely”) to 4 (“almost
always”). The sum score ranging from 14 to 56 was used, with
higher scores indicating more mindfulness.

Self-compassion was assessed with the German version (SCS-D
[23]) of the short form of the Self-Compassion Scale (SCS-SF
[24]). The 12 items (eg, “I’m disapproving and judgmental
about my own flaws and inadequacies”) are rated on 5-point
Likert scale ranging from 1 (“very rarely”) to 5 (“very often”).
Higher mean total scores indicate more self-compassion.

A number of instruments measured feasibility and acceptance
of the intervention at the various stages of the trial. First,
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mindfulness practice was measured via a short self-constructed
questionnaire at follow-up. Participants were asked how often
they practiced each of the three mindfulness exercises during
each of the 4 months of the intervention period, yielding total
number of exercises. Also at follow-up, participants were asked
how long on average they practiced each of the three exercises
in each of the 4 months. The mean duration per exercise was
multiplied with the number of times this exercise was practiced
in a given month, and this information was summarized for the
three exercises over 4 months, yielding total duration of home
practice per exercise. If participants reported an exercise without
specifying the time spent on exercising, missing data was
replaced by the grand means based on available data for each
type of exercise (9 min for mindfulness breathing, 11 min for
mindfulness walking, and 14 min for mindfulness of the body).
Extreme outliers were omitted (3 participants in the control
group who reported to have practiced over 200 times). Second,
at baseline , willingness to send text messages (“Do you think
you would send a text message after practicing?”) and previous
experience with the texting and mindfulness exercises were
assessed with 1-item questions each. Third, satisfaction with
the text message–based intervention was assessed at follow-up
with a 20-item adaptation of a questionnaire developed and used
in earlier research of our group [25], asking on a 5-point rating
scale (“I do not agree,” “I rather not agree,” “I somewhat agree,”
“I fairly agree,” and “I totally agree”) for general satisfaction,
satisfaction with the text message feedback, and technical
problems. Fourth, satisfaction with the mindfulness intervention
was assessed via a self-constructed 10-item questionnaire at
discharge and follow-up, asking on the same 5-point rating scale
about satisfaction with the mindfulness introduction, as well as
about potential problems with and subjective effects of the
mindfulness exercises. Fifth, at follow-up, participants of both
groups were asked to rate the usefulness of the intervention as
a whole (“yes, it helped me a lot,” “yes, it helped me somewhat,”
“it neither helped nor harmed me,” “no, it rather harmed me,”
and “no, it harmed me a lot”), including the option to add
open-ended comments and suggestions.

Sociodemographic information was assessed at baseline.
Furthermore, inpatient therapists were asked to document the
diagnoses of their participating patients at study intake according
to ICD-10.

Data Analysis
According to recommendations for reporting results of pilot
studies [26,27], reporting of results focuses on descriptive
statistics, that is, mean and standard deviation for continuous
variables, and frequencies and percentages for categorical
variables. Feasibility indicators include numbers of patients
eligible, willing to participate in the study, and to be
randomized; numbers of participants lost to follow-up; intended,
and actual use of the text message intervention; the number of
text messages sent during the intervention; as well as frequency
and duration of home practice.

Chi-square and t-tests were used to analyze differences of
feasibility indicators by allocation. For the total scores of
PHQ-9, PTQ, FMI, and SCS-D group by time interaction effects
were tested using repeated measures analysis of variance.
Additionally, effect sizes d (standardized mean between-group
differences corrected for prerandomization differences) were
calculated for all outcome measures.

Results

Sample
Socioeconomic status was assessed at baseline (see Table 1).
Participants were 44-years-old on average, most of them were
female, married, or living together with a partner (see Table 1).
Level of education was predominantly low, and most were
working at least part-time. Mean duration since the first
occurrence of depressive symptoms was 11 years. According
to their PHQ-9 score at baseline, more than three quarters
(81.1%) of the patients showed substantial symptoms of
depression (PHQ-9 ≥10). At baseline, participants who were
later allocated to the intervention group were less depressed and
showed more self-compassion than participants of the control
group. The majority of the participants had at least some
experience with texting. Regarding mindfulness exercises, about
half had tried mindfulness practice once, a few were practicing
regularly for up to 5 years.

Participation in the Introductory Group and the Study
It was found that 54.8% (176/321) of the screened patients were
judged as eligible and invited to participate in the study. Of
these, 65.9% (116/176) visited the introductory group at least
once. The mean number of group visits of all participants (later
randomized or not) was 2.4 (SD 1.8, range 1-9), the number of
group attendees varied between 1 and 19 (mean 6.9, SD 3.5).
In total, 33.0% (58/176) of the invited patients consented to
participate in the study and completed baseline measures. Of
the latter, 71% (41/58) completed prerandomization measures
and were randomized. Randomized participants took part in the
introductory group 3.4 times (SD 2.0) on average (intervention:
mean 3.3, SD 2.0; control: mean 3.5, SD 2.1). Follow-up data
were available for 85% (35/41) of the randomized participants,
with no differences by allocation. Figure 1 depicts the
(simplified) flow of participants through the stages of the trial.

Most common reasons to decline study participation (not
systematically assessed) were not wanting to complete
questionnaires (5%; 3/57) or using the mobile phone (4%; 2/57),
a lack of interest in mindfulness practice (5%; 3/57), and feeling
that participation in the study would be “too much” (5%; 3/57).
Most patients (70%; 40/57) did not give any reason. Still, of
the 32.4% (57/176) of patients who were not interested in study
participation, 54% (31/57) attended the mindfulness training
group at least once.
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Table 1. Characteristics of study participants.

DifferencesCGb (n=20)IGa (n=21)Characteristics

t39=−0.26; P=.8044.5 (13.5)43.4 (12.7)Age (in years), mean (SDc)

χ2
1=0.8; P=.3715 (75.0)13 (61.9)Gender (female), n (%)

Level of education

χ2
1=0.2; P=.634 (20.0)3 (14.3)Qualification for university entrance, n (%)

16 (80.0)18 (85.7)Lower qualification, n (%)

Marital status

χ²2=0.4; P=.8411 (45.0)10 (47.6)Married or living together with partner, n (%)

5 (25.0)7 (33.3)Single, n (%)

4 (20.0)4 (19.0)Other, n (%)

Employment status

χ²3=0.5; P=.936 (30.0)8 (38.1)Full-time, n (%)

5 (25.0)5 (23.8)Part-time, n (%)

6 (30.0)6 (28.6)Unemployed, n (%)

3 (15.0)2 (9.5)Other, n (%)

Primary diagnosis

χ2
1=2.9; P=.0919 (95.0)16 (76.2)Major depressiond, n (%)

1 (5.0)5 (23.8)Othere, n (%)

t38=−0.29; P=.7811.7 (8.4)10.8 (12.2)Illness duration (years), mean (SD)

t35=−3.37; P=.00218.61 (4.86)12.74 (5.69)PHQ-9f (depressive symptoms), mean (SD)

t35=−1.98; P=.0645.32 (9.95)38.50 (10.97)PTQg (perseverative thinking), mean (SD)

t35=1.98; P=.0627.16 (4.91)30.56 (5.53)FMIh (mindfulness), mean (SD)

t36=2.15; P=.0392.05 (0.59)2.53 (0.76)SCS-Di (self-compassion), mean (SD)

Experience with mindfulness exercises

χ²2=1.7; P=.4410 (50.0)7 (35.0)None, n (%)

8 (40.0)12 (60.0)Tried once, n (%)

2 (10.0)1 (5.0)Experienced, n (%)

Experience with texting

χ²2=3.2; P=.203 (15.0)5 (23.8)None n (%)

9 (45.0)4 (19.0)Some experience, n (%)

8 (40.0)12 (57.1)Very experienced, n (%)

aIG: intervention group.
bCG: control group.
cSD: standard deviation.
dICD-10=F32.1, F32.2, F33.1, or F33.2.
eICD-10=F31.4, F40.01, F41.0, F43.2, or F61.0.
fPHQ-9: Patient Health Questionnaire.
gPTQ: Perseverative Thinking Questionnaire.
hFMI: Freiburg Mindfulness Inventory.
iSCS-D: Self-Compassion Scale; Missing values: illness duration: N=1 (IG), PHQ-9: N=2 (each IG and CG); PTQ, FMI: N=3 (IG), N=1 (CG); SCS-D:
N=2 (IG), N=1 (CG).
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Figure 1. Participant flow through the stages of the trial.

Participation in the Text Message Feedback
Intervention
Before randomization, 59% (24/41) of the study participants
expressed their intent to send text messages after practicing a

mindfulness exercise if randomized into the intervention group.
It was found that 20% (8/41) of the participants indicated that
they would not and 22% (9/41) stated that they would “rather
not” use the text message assistance. Of the 24 participants
expressing intent to send text messages, 50% (12/24) were later
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assigned to the intervention group. At follow-up, about two-third
of the participants in the intervention group reported that they
had not (18%) or not always (47%) sent a text message after
mindfulness practice, whereas about one-third reported that they
had done so always (12%) or most of the time (24%).

During the intervention period, participants sent 294 text
messages reporting 395 exercises. Of the 21 participants, 81%
(17/21) in the intervention group sent at least one text message
and 67% (14/21) of participants texted more than once. Two
participants sent at least one message a week. On average,
participants sent 14.00 (SD 21.00, median 9, range 0 - 91)
messages, reporting 18.81 (SD 5.44, median 12) exercises during
4 months, that is, about one exercise per week. Correlations of
the number of text messages with several parameters are
reported elsewhere [28]. The mean duration per exercise
reported via text message was 9.94 min (SD 5.38) with

mindfulness of the body exercises showing the longest duration
(mean 13.84, SD 4.13, N=103), followed by mindful breathing
(mean 8.95, SD 5.48, N=211), and mindful walking (mean 7.54,
SD 3.70, N=81).

Satisfaction with the Interventions
Findings about satisfaction with the text message intervention
are shown in Figure 2. Overall, participants showed high
satisfaction. Specifically, the program met the expectations of
most of the participants, more than half reported that it helped
them to practice the mindfulness exercises regularly, and most
felt generally supported by the text message feedback. Two-third
reported that they would use the program again, and the majority
indicated that they would recommend it to a friend. However,
about two-third of the participants stated that they found it
difficult to send messages on a regular basis, and some were
concerned about data privacy.

Figure 2. Satisfaction with the text message intervention.

At follow-up, participants of both groups were asked to evaluate
the mindfulness exercises. The introduction into the mindfulness
exercises at the hospital appeared appropriate and clear to all
(see Figure 3). While the majority of the intervention group
found that they were able to practice mindfulness in everyday
life, this was the case for less than half of the participants of the
control group. Furthermore, in comparison to the control group,
more participants in the intervention group perceived the
mindfulness exercises helpful in relationships and in coping
with rumination and negative feelings. Participants in the control

group reported more difficulties in practicing the mindfulness
exercises alone.

At follow-up, 67% (35/53) of the participants in both
intervention and control groups reported that taking part in the
study helped them to some degree, the rest said it neither helped
nor harmed them. The rate of agreement was higher in the
intervention group (78%) than in the control group (53%). Of
the 11 participants who provided written feedback at follow-up,
2 stated that they often forgot to send a text message, another
2 wrote that the weekly text message reminders were perceived
as helpful, and 1 recommended further reminders in larger
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intervals. One participant stated that practicing in the group was
easier than alone, and another one suggested to provide audio
recordings of the exercises, and finally one participant

recommended to offer the inpatient group sessions more
frequently.

Figure 3. Satisfaction with the mindfulness introduction and exercises at follow-up.
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Table 2. Effect of the intervention on mindfulness practice and outcomes (N=35).

Effect size (95% CI)P
val-
ue

Test statistics4-month follow-upPrerandomizationOutcome measures

CG,

mean (SD)

IG,

mean (SD)
CGc,

mean (SD)

IGa,

mean (SDb)

0.25 (−0.45 to 0.96).48t30=−0.7248.71 (44.28)62.67 (61.64)10.06 (6.80)7.88 (4.92)Number of exercises practiced

0.08 (−0.62 to 0.78).83t30=−0.22579.50 (784.28)642.17 (815.26)35.13 (16.55)23.75 (13.11)Total time practiced (min)

0.14 (−0.53 to 0.82).68F1,31=0.1712.06 (7.24)8.94 (6.61)32.00 (6.83)37.47 (6.49)PHQ-9d (depressive symptoms)

−0.26 (−0.84 to 0.31).37F1,30=0.8533.19 (16.33)26.25 (19.28)2.61 (0.85)3.10 (0.77)PTQe (perseverative thinking)

0.25 (−0.49 to 0.99).51F1,28=0.4432.53 (6.40)36.40 (8.72)FMIf (mindfulness)

0.02 (−0.59 to 0.63).94F1,29=0.012.63 (0.71)3.11 (1.06)SCS-Dg (self-compassion)

aIG: intervention group.
bSD: standard deviation.
cCG: control group.
dPHQ-9: Patient Health Questionnaire-9 Item.
ePTQ: Perseverative Thinking Questionnaire.
fFMI: Freiburg Mindfulness Inventory.
gSCS-D: Self-Compassion Scale; Missing values: PHQ-9: N=1 (each IG and CG); PTQ: N=2 (IG), N=1 (CG); FMI: N=3 (IG), N=2 (CG); SCS-D: N=2
(each IG and CG).

Feasibility of the Outcome Measures
The effects of the post-hoc assessment of mindfulness home
practice (number and duration of exercises practiced) and the
four selected outcome questionnaires (PHQ-9, PTQ, FFA, and
SCS-D) yielded near zero to small, nonsignificant effect sizes
(see Table 2). Note that, due to different scoring, a positive
effect size on the symptom measures (PTQ, PHQ) indicates an
outcome in favor of the intervention group, whereas on the FMI
and the SCS-D, a positive effect size indicates a result in favor
of the control group.

The largest but still small differences were found on
perseverative thinking, self-reported mindfulness, and the
number of reported exercises. Effects for the former two
measures were against expectations because the control group
scored lower on perseverative thinking (d=−0.26) and higher
on mindfulness (d=0.25) than the intervention group. The
number of exercises practiced tended to be higher in the
intervention group (d=0.25), and there was small effect on the
PHQ-9 in favor of the intervention group.

Discussion

Principal Findings
To our knowledge, this is the first study to evaluate the
feasibility of a simple, low-intensity texting app to support
mindfulness practice in people with depressive symptoms after
inpatient psychiatric treatment. The study showed that a
considerable proportion of people with depressive symptoms
receiving in inpatient treatment are interested in a mHealth
mindfulness program, and that most participants were satisfied
and experienced the intervention as helpful.

Participation in the Introductory Group and the Study
According to introductory group participation rates, the
mindfulness exercises seemed to interest about two-third of the
target population of psychiatric inpatients with depressive
symptoms. Only half of them could be motivated to participate
in the study (eg, fill out questionnaires and participate in the
texting intervention). However, once they decided to participate
in the study, most patients stayed in the trial until the end.

Retention rates were 71% for the first (prerandomization) and
85% for the second (postrandomization) part of the study, falling
within the upper range of other mHealth studies (43-100% [29]).
Similar, sometimes higher, attrition rates were found in studies
evaluating mindfulness-based interventions in depressed patients
delivered face-to-face (49% [5]; 8-38% [2]) or via the Internet
or mobile phone (57% [14]; 38% [15]). Good retention rates
speak to the feasibility of the study design and committed study
staff. However, the possibility of a selection bias toward
including rather motivated and compliant patients cannot be
ruled out.

Participation in the Text Message Feedback
Intervention
On average, participants sent about one text message per week
which falls behind expectations, as daily practice was
recommended. However, this result is not surprising, as before
the beginning of the intervention, less than 60% of the
randomized participants indicated that they intended to text.
Comparing the postintervention self-report with the information
from the text messages, participants texted only about every
third time after a mindfulness exercise. Likewise, about
two-third of the participants reported that they had not or not
always sent a text message after they had practiced, and that
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they had difficulties texting regularly. However, the possibility
of a combined effect of a social desirability bias and a 4-month
recall bias should be taken into account. Nevertheless,
participation patterns are comparable with another study which
examined text-messaging support in the treatment of people
with depression (65% response rate to text message reminders
[11]), indicating that expectations might have been unrealistic.
Another explanation could be that a considerable number of
participants did not feel the need to be supported every time
they practiced. Taken together, these findings suggest a need
to enhance mode of delivery and content of text messages
including tailoring feedback to increase subjective meaning.
This might also be achieved by sending daily queries inquiring
about type and duration of practice.

Satisfaction With the Interventions
Participants of the intervention group were predominantly
satisfied with the texting intervention. Most felt supported and
encouraged by the messages, and over 80% would further
recommend the program. Although use of the texting
intervention was moderate, in absolute values, considerably
more patients in the intervention than in the control group
perceived the mindfulness exercises as helpful, especially
regarding coping with rumination and negative feelings. More
patients in the intervention group than in the control group stated
that they had practiced in daily life. Furthermore, compared
with the control group, in the intervention group, fewer patients
at least fairly agreed that they had problems practicing alone.
Although these are no significant results and should be regarded
with caution, they might indicate that the text message feedback
supports mindfulness home practice and could increase the
effects of mindfulness exercises as intended [30].

Feasibility of the Outcome Measures
Although the main outcome measures (amount of home practice,
depressive symptomatology) depict a small effect of the
intervention, the additional measures (rumination, mindfulness,
self-compassion) yielded zero or small effects in favor of the
control group. Due to the small sample size, no final conclusion
can be drawn. However, these results indicate that either the
questionnaires were insensitive to changes, the dosage of
intervention was not sufficient, or the observation period was
too short to detect changes. It could be hypothesized that

mindfulness and self-compassion are rather trait-like, less
susceptible to change, and thus, need a longer and more intense
intervention to change.

Limitations
This study has a number of limitations. First, the introduction
to the mindfulness exercises and the text message intervention
was provided by the first author, who also was involved in data
collection and analysis. Second, the intervention was only
implemented at one hospital, suggesting limited generalizability
of findings. Third, there could have been a selection bias, as the
inpatient therapists could recommend a patient to participate or
not to participate in the study due to their subjective judgment.
Fourth, the mindfulness introduction was a shortened and
adopted version of other mindfulness-based programs, and has
not been validated in this population. Fifth, there might be a
recall bias regarding the post hoc assessment of the mindfulness
exercises practiced in the follow-up period, combined with a
social desirability bias. There might have been a tendency to
over-report the mindfulness practice in the intervention group.
Finally, due to the small sample size, all results of this pilot
study should be interpreted with caution.

Conclusions
Taken together, the positive evaluations of the MIND-S program
by the participants indicate that, in general, mindfulness practice
augmented by text message feedback is a feasible intervention.
However, the moderate use of the texting intervention and the
mixed effects imply that dose and ingredients of the intervention
should be increased for this group of patients in a future,
full-scale RCT. Additional components might include expert
or peer support such as regular mindfulness group visits after
discharge, audio or video material, more frequent reminders,
or individual expert support via texting, email or chat-groups.
To minimize recall bias, frequency and duration of mindfulness
practice should be assessed more frequently during the follow-up
period. Furthermore, the intervention should also be tested in
other populations (such as previously depressed outpatients) to
assess the differential indication. A larger study will also allow
to investigate the effects of the intervention, as well as
moderators of the effect of mindfulness practice and text
message feedback on clinical outcome.
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Abstract

Background: Men who have sex with men (MSM) are the group at highest risk for contracting human immunodeficiency virus
(HIV) in the United States, but many do not test as frequently as recommended. Home-based self-testing (HBST) for HIV holds
promise for promoting regular testing among these individuals, but currently available HBSTs have limited follow-up options,
providing only a 1-800 number that participants can call. Failure to actively conduct follow-up counseling and referrals after
HBST use could result in delays in seeking confirmatory testing and care among users receiving reactive (preliminary positive)
test results. HBST also fails to connect users who test negative with other prevention services that can reduce their future risk for
HIV.

Objective: The aim of our study was to use qualitative research methods with high-risk MSM to inform development of a
“smart” HBST kit. The kit utilizes existing Internet-of-Things (IoT) technologies to monitor HBST use in real-time and enable
delivery of timely, active follow-up counseling and referrals over the phone.

Methods: In phase 1, individual interviews (n=10) explored how participants might use HBST and their views and preferences
for conducting counseling and referral after HBST. Based on these perspectives, we developed a smartphone app (iOS, Android)
that uses data from light sensors on Bluetooth low energy (BLE) beacons to monitor when HBST kits are opened, facilitating
timely follow-up phone contact with users. In phase 2, a usability study conducted among high-risk MSM (n=10) examined the
acceptability and feasibility of this system and provided user perspectives after using the system along with HBST.

Results: Phase 1 themes suggested that MSM preferred HBST, that most thought active follow-up after HBST would be valuable,
and that doing so over the phone within 24 h after testing was preferable. Phase 2 results showed that the eTEST system successfully
detected HBST use in nearly all cases. Participant perspectives also suggested that the timing, method (ie, phone call), and duration
of follow-up were appropriate and helpful.

Conclusions: Using BLE beacons and a smartphone app to enable follow-up counseling and referral over the phone after HBST
use is feasible and acceptable to high-risk MSM. Future research is needed to compare the effects of follow-up counseling on
rates of repeat testing and receipt of referral services (eg, testing for sexually transmitted infections and initiation of preexposure
prophylaxis) and to explore the acceptability of the eTEST system over longer periods of time.

(JMIR Mhealth Uhealth 2017;5(5):e62)   doi:10.2196/mhealth.6491

KEYWORDS

HIV; smartphone; Internet; counseling; referral and consultation; qualitative research

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 5 |e62 | p.189http://mhealth.jmir.org/2017/5/e62/
(page number not for citation purposes)

Wray et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

mailto:tyler_wray@brown.edu
http://dx.doi.org/10.2196/mhealth.6491
http://www.w3.org/Style/XSL
http://www.renderx.com/


Introduction

New human immunodeficiency virus (HIV) infections among
men who have sex with men (MSM) in the United States
continue to climb [1], with recent data showing that up to 1 in
6 MSM will be diagnosed with HIV in their lifetimes [2].
Modeling studies suggest that up to 50% of new HIV infections
among MSM stem from the approximately 20% of those who
are infected with HIV but are unaware of their status and thus
are not virally suppressed [3-5]. These data highlight that an
important step toward reducing HIV incidence in MSM involves
increasing the accessibility and regularity of testing [6].

The first rapid antibody HIV test designed to be used and
interpreted entirely by consumers at home was approved for
over-the-counter sale by the US food and drug administration
(FDA) in 2012 (OraSure Technologies, Bethlehem, PA; see
Figure 1). The OraQuick home-based self-test (HBST) for HIV
samples oral fluid and produces results in 20 min, and it has
instructions that are simple and easy to understand. HBSTs
could provide opportunities to expand and encourage regular
HIV testing, especially among those who encounter barriers to
testing at standard “brick-and-mortar” clinical sites. Research
in developing countries using blood sample HBSTs has shown
higher uptake of HBST compared with clinic-based testing
[7-9]. Moreover, past studies in the United States show that
many MSM, including those who have never tested, prefer to
do so at home and believe they would test more often with
HBST [10-15], since HBST addresses key barriers to
clinic-based testing (eg, confidentiality and inconvenience
[10,16]). Finally, past studies using popular gay-oriented social
networking smartphone apps to connect high-risk MSM with
free HBST showed that many users requested kits, and that they
were useful for detecting new HIV infections among these users
[17-20]. Moreover, 77% of these new cases were ultimately
diagnosed at CD4 counts >350 cells/μL, suggesting that this
approach may facilitate early diagnosis and treatment [20].

Despite their promise for overcoming barriers to testing,
currently available HBSTs also have a number of important
limitations. In some studies, the OraQuick test has shown lower
sensitivity (95.9-99.6%) compared with other rapid antibody

tests, especially when oral fluid is used [21,22]. The OraQuick
also takes longer to detect antibodies after infection compared
with fourth-generation and HIV RNA tests, meaning that some
early or acute HIV infections could be missed [23]. However,
some of these limitations may be unique to the OraQuick test;
other rapid HIV tests with better sensitivity and the ability to
detect more recent infections could be packaged for home use
in the future, addressing some of these problems. Moreover, it
may be best to use HBST as a compliment to these other, more
precise tests (rather than a replacement), or as a method of
engaging those at high-risk who would not otherwise test.

Another key limitation that is common to all existing HBSTs
to date is the lack of posttesting follow-up and referrals. Many
have argued that one of the most important benefits of
clinic-based testing is that test counselors can personally link
patients with reactive test results with confirmatory HIV testing
and care, or refer those with negative results to other services
that reduce HIV risk (eg, testing for other sexually transmitted
infections [STIs], preexposure prophylaxis [PrEP], and risk
reduction counseling) [24-26]. Modeling studies suggest that
because of HBST’s lack of follow-up and referral, widespread
use of HBST may actually increase HIV incidence, since
individuals who receive reactive results and are not linked with
care may delay in seeking it, resulting in onward transmissions
during that time [24,25]. Since the OraQuick test became
commercially available, OraSure Technologies has maintained
a 24-h, toll-free helpline that HBST users can call to receive
instructions or guidance about how to conduct the test, posttest
counseling, and referrals to HIV care [27]. However, this
“passive” approach relies on HBST users to “reach out” for
counseling, referrals, and linkage to care themselves, which
may be insufficient for many at-risk MSM [10,24]. As of 2015,
OraSure estimated that over 500,000 tests had been sold, but
of 38,000 calls to their helpline, less than 5% of those were
related to posttest counseling needs of HIV diagnosis or
treatment [27]. Based on the expected rate of reactive results,
these data lend support to concerns that many HBST users may
not be connecting to follow-up and referral services after testing,
including confirmatory testing or care, STI testing, and
additional prevention resources.

Figure 1. Flow of eTEST system components.
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Conducting active follow-up with HBST users to provide these
services after they test could overcome many of these
limitations, while also helping high-risk MSM test more often.
Similar to clinic-based testing, active follow-up after HBST
could involve having trained paraprofessionals reach out to
HBST users to link them with confirmatory testing and medical
care, should their results be reactive. This would address one
of the key priorities of posttest counseling. Active follow-up
could also be beneficial for those with nonreactive results, since
counselors could link users with other critical services for
reducing their future HIV risk, such as STI testing, risk reduction
counseling, safer sex supplies (eg, condoms, lube), PrEP, or
postexposure prophylaxis (PEP). However, to be relevant to
users, this follow-up contact must be timely, taking place soon
after they use a HBST. While it would be difficult to conduct
active follow-up with everyone who purchased a test
commercially, making brief phone calls to particularly high-risk
MSM who agree to receive test kits regularly in the mail might
be more feasible. This could be an effective way of reaching a
high-risk subset of MSM to encourage them to test more often,
while also providing them with the essential posttest services
they need (eg, risk reduction counseling, referrals for STI-testing
or safe sex supplies, linking those with reactive results with
care as soon as possible).

Given this need, we used qualitative research methods to
iteratively guide the development and initial evaluation of a
“smart” home-based HIV self-testing kit (ie, eTEST) that
monitors when kits have been opened in real-time. This system
allowed us to actively reach out to users after they use a HBST
to provide follow-up counseling and referral over the phone.
To inform the development of the eTEST system, phase 1 of
this study explored how high-risk MSM would use HBST and
their perspectives about receiving counseling and referral after
HBST. In phase 2, we then examined the feasibility and
acceptability of this system with another small sample of
high-risk MSM after using “smart” HBST kits at home.

Methods

Participants
A total of 20 participants (n=10 for phase 1, n=10 for phase 2)
were recruited via websites and smartphone apps that are
commonly used by MSM to meet partners (eg, Grindr, Scruff,
and so on) [28]. Eligible participants were (1) 18+ years old,
(2) assigned male sex at birth, and (3) fluent in English. They
also reported (4) not having been tested for HIV in the last year,
(5) having had anal sex without a condom or without having
taken PrEP with a casual male partner at least once in the
preceding 6 months, and (6) had sex with a casual male partner
met on the Web in the past year. Participants were also required
to have (7) a stable residence and (8) an iOS or Android (version
4.3 or higher) smartphone with a data plan. The same eligibility
criteria applied to participants enrolling in either phases 1 or 2,

and participants were required to meet all criteria. All
participants reported being male gender, and no participants
reported having taken an HBST, PrEP, or PEP in the past.

Phase 1: Preliminary Interviews
Phase 1 interviews were conducted individually at our offices.
The main focus of this phase was to understand HIV testing
and how these participants might use HBST, so as to inform
our approach to developing the eTEST program, as well as the
contexts in which HBST might be used. Key questions posed
in this phase included how frequently participants do or think
they should test for HIV, their personal barriers to testing,
preferences for HBST versus clinic-based testing, views about
offering active follow-up after HBST, and preferences about
how follow-up might be provided. Whereas the majority of
participants in this phase (and phase 2) reported never having
tested for HIV before, all had heard about the process and
commented on their perceptions based on what they knew about
HIV testing. These interviews lasted an hour, were tape recorded
(for later transcription and analysis), and participants were paid
US $50.

The eTEST System: Monitoring Approach
After analyzing and interpreting data from phase 1, we used
these data to guide the development of the eTEST system. The
system used a smartphone app (both iOS and Android versions),
together with newly available technologies often used for
“Internet-of-Things” (IoT) applications called Bluetooth low
energy (BLE) beacons, to monitor when specific users opened
a HBST kit that had been sent to them in the mail. BLE beacons
are small electronic devices that broadcast a radio signal that
can be received by any device equipped with Bluetooth.
Whereas BLE beacons are most commonly used to improve
smartphone location while indoors (see kontakt.io.Inc., for more
information [29]), beacons can also be fit with a variety of
sensors (temperature, light, or motion), so that these data can
be broadcast to Bluetooth-enabled devices as well.

To set up users in the system, staff entered the user’s information
into a secure, staff-side database (Filemaker server). This
assigned each user a unique 4-digit personal identification
number (PIN), and “pushed” these data to a structured query
language (SQL) database that interacted directly with the eTEST
mobile app (Figure 1).

Staff then guided users through downloading the eTEST app
onto their smartphones and entered their assigned 4-digit PIN
number in the app, which matched it with the PIN entered
through the staff-side database (unmatched PINs produced an
error). This way, the app did not collect or store any personal
or identifying data, only a participant’s unique study ID (PIN).
After successful initialization, the app displayed basic
information to the user about the app’s purpose, as well as
contact information for study staff (Figure 2).
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Figure 2. eTEST smartphone app screens.

Users could access this information at any time by pressing a
button from the app’s home screen. When preparing an HBST
test kit to be mailed, staff fit a BLE beacon to the lid of the
plastic test enclosure and logged the serial number of the beacon
into a specific user’s record in the staff-side database, which
pushed this PIN-serial combination to the SQL database (see
Multimedia Appendix 1). To monitor whether a test kit has been
opened, the eTEST app used data from the BLE beacon’s
ambient light sensor and registered the kit as “open” when the
level of ambient light reaching the beacon was >3 lux. As such,
when beacons came within range of a user’s smartphone (≈50m)
and received sufficient light (> 3 lux), the app pushed a
notification to the user and relayed these data to the SQL
database, entering a timestamp for the specific PIN-serial
combination detected. This identified the user and test kit that
was opened in the staff-side database and prompted an
automated email to study counselors that notified them of the
need to place a call to a user within 24 h of receipt. These
notifications were sent only once, when the user first opened
the test kit.

We selected Estimote Location beacons for this project, which
were released in March of 2016. These beacons required no
special programming and only minimal set up to use with the
eTEST app. The set up was easily accomplished by staff
members and typically took less than a minute (see Multimedia
Appendix 2). In addition to the integrated ambient light sensor,
these beacons also had a “dark to sleep” feature, that tells the
beacon to stop broadcasting data until it receives a level of light
that is above a customizable threshold. Using this feature,
beacons can be effectively “muted” until the beacon receives
sufficient light (>3 lux). This capability was important for our
use case, since our goal in designing the eTEST system was to
ensure that it could detect HBST use over long periods of time
without requiring any intervention from users (other than
initially downloading the app). That is, we wanted to design the
eTEST system to successfully capture HBST kit openings, even
when users had the app running in the background, when they
had “killed” the app, or when the phone was in sleep mode.
Accomplishing this proved to be a somewhat difficult
technological hurdle in iOS. With a typical BLE beacon that
continuously broadcasts data, apps that have been “killed” can
be “woken up” when a beacon comes within range (typically

≈50m) of the phone. However, iOS kills these processes again
after a few minutes. This posed a problem for our use case, since
the beacon (enclosed in a test kit) would often be expected to
come within range of a user’s phone long before they actually
open the test kit. That is, the time between users receiving a test
kit and when they actually open it will often be significant. So,
running the app’s processes briefly only after users receive the
test posed a high risk for missing opening events, if iPhone
users had killed the eTEST app or if the phone was in sleep
mode. Using the “dark to sleep” feature of the Estimote Location
beacons, we directed the beacons to begin broadcasting only
after it received a sufficient amount of light, prompting the app
to briefly “wake up” to sync with the server. Preliminary testing
in the lab showed that, using this feature, test kit openings were
indeed successfully detected in virtually all iPhone states (eg,
app “killed,” phone in sleep mode), so long as the app had been
downloaded and had been successfully paired with a 4-digit
PIN and beacon serial number. Of note, this limitation is not
relevant to Android users, since a process can be run in the
background at any time.

Phase 2: Usability Testing and Follow-Up Interviews
After initially developing the eTEST system, we then iteratively
built several app releases and tested them with various devices
and states, both in the lab and during a number of “hallway
tests” [30]. Once a working version was constructed, we moved
on to phase 2, which involved conducting a usability test with
target users [31]. In this phase, our goal was to preliminarily
test how well the eTEST monitoring and follow-up system
worked in a real-world scenario, where participants were using
their phones, the app, and the HBST kits under typical
circumstances. We explored several questions that could affect
how well the system works, including whether users opened
the “smart” HBST kit within range of their smartphones,
whether they actually used the test soon after initially opening
it, whether the light threshold (>3 lux) was sufficient to detect
openings in dimly-lit environments, and whether detection was
successful across operating systems (ie, iOS and Android) and
phone or app states (eg, app “killed” or phone in sleep mode).
We also examined ease of use, perceived utility of (and comfort
with) receiving follow-up calls, the length and timing of calls,
and concerns about confidentiality or privacy.
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To address these questions, participants in phase 2 first met
with research staff in-person to learn about the study,
downloaded the eTEST app onto their smartphones, and were
provided with a BLE-enabled OraQuick home HIV test. They
were asked to use the test at some point within 7 days, but were
provided with no other instructions about how to use the app,
other than to keep it downloaded onto their device during that
time. This allowed us to explore how well the eTEST system
worked in a variety of phone states. After they opened the test,
a qualified HIV test counselor (QHTC) followed up with
participants over the phone within 24 h. During these calls,
QHTCs provided a “typical” sequence of posttest counseling,
including: (1) discussion of the test, its use, and results; (2)
offering counseling to reduce HIV risk behaviors; and (3)
offering referrals for STI testing, safe sex information and
supplies, PrEP consultation, and other medical care or
counseling (mental health, alcohol or drug). Afterward,
counselors conducted a brief follow-up qualitative interview
about their experience and opinions of eTEST. These interviews
lasted about 30 min, were recorded, and participants were
compensated $50. All procedures were approved by the Brown
University Institutional Review Board.

Analysis
All interviews and counseling calls were transcribed, and
transcripts were reviewed and coded manually by study staff.
Content and codes were then analyzed thematically. Regular
discussions helped to arrive at themes that emerged across
participants, and specific quotes were excerpted from transcripts
to illustrate these themes.

Results

Phase 1: Preliminary Interviews
Ten participants completed the phase 1 interview. Only 3 of
these participants (30%, 3/10) reported having tested for HIV
in their lifetime, and of those, all reported having tested only at
a clinic or outreach event (see Table 1).

However, all participants thought that MSM in general should
be tested more often than they tested themselves: whereas no
interviewees reported having been tested in the past year (since
this was a criteria for eligibility), most suggested that MSM
should be tested at least every six months, and with more
frequent testing for those who engaged in riskier sexual
behavior. Those that had tested before noted that they
appreciated testing in person with a paraprofessional because
the counselors were often understanding, skilled, and could
make testers feel comfortable. They also noted that in-person
HIV tests were also relatively quick and easy to do. However,
most participants noted drawbacks of in-person HIV testing,
with most identifying nervousness as a key downside:

Basically throughout the entire duration of the tests
or going into the clinic up to getting your results, I
felt nervous about what the results might be, even
though I felt for my case that it was extremely unlikely

that something would come back positive. [Participant
1, 30-year-old white male, last tested 3.2 years ago]

Despite the professionalism of clinic staff, there were also
concerns about the confidentiality of clinic-based testing:

The confidentiality. That’s a big thing (...) because I
know people who work in there—I was afraid of like
the rumor getting around. [Participant 2, 21-year-old
Hispanic male, last tested 1.1 years ago]

Barriers to More Frequent Testing
Most participants noted that the most important barrier was that
they perceived themselves to be at low risk, despite meeting
the study inclusion criteria. However, another key theme
mentioned by most participants was the inconvenience involved:

It’s something that I actually have to go out and do,
and it just kind of slips my mind a lot, more than
anything. And then it’s like I know I should, and then
I don’t know, I’m really good at procrastinating.
[Participant 3, 36-year-old white male, last tested 2.1
years ago]

This concept illustrates the importance of making testing as
quick and easy to do as possible. By delivering free HBST kits
directly to a subset of high-risk individuals at recommended
intervals (eg, at least once every six months), the convenience
of testing at home may help overcome other important barriers
like low risk perceptions.

Pros and Cons of Home-Based Self-Testing (HBST) and
Preferences for HBST Versus Clinic-Based Testing
Most phase 1 participants noted the convenience of HBST as
its biggest strength:

A doctor is not always going to be in the office when
you call. Sometimes it’s hard to reach a doctor. It
could take weeks. But somebody (who) buys this
doesn’t have to wait that long at all. The same day
they buy it, they can get results the same day.
[Participant 4, 42-year-old Hispanic male, never
tested]

Most participants also noted that HBST could be more
confidential and private than clinic-based testing:

It’s extremely private...nobody will know the results
but you. It’s a good way to be more private or at ease
for certain people. [Participant 1, 30-year-old white
male, last tested 3.2 years ago]

Finally, several participants also mentioned that doing the HIV
test themselves might make them feel more empowered and
proud of having taken responsibility for their own health:

I think it gives the individual more power and control
over the situation. In the past, you had to go to a
doctor in order to get tested. But now, the individual
has the power to access that knowledge. [Participant
3, 36-year-old white male, last tested 2.1 years ago]
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Table 1. Participant demographic characteristics.

Median (IQRa) or n (%)Characteristics

Phase 2 (n=10)Phase 1 (n=10)

30 (31)29 (18)Age (years), range: 21-67, mean (SD)

Race

9 (90)8 (80)White

1 (10)2 (20)Black or African American

0 (0)2 (20)Ethnicity (Hispanic or Latino)

Relationship status

7 (70)8 (80)Single or never married

0 (0)0 (0)In a committed relationship

0 (0)0 (0)In a domestic partnership

1 (10)0 (0)Married

0 (0)2 (20)Separated

1 (10)0 (0)Divorced

1 (10)0 (0)Widowed

Education

1 (10)1 (10)High school diploma or general educational development

4 (40)6 (60)Some college education

3 (30)2 (20)College graduate

2 (20)1 (10)Graduate or professional degree

Income

3 (30)5 (50)$0-$29,999

6 (60)5 (50)$30,000-$99,999

1 (10)0 (0)$100,000 or more

Sexual identity

8 (80)9 (90)Gay

1 (10)0 (0)Bisexual

1 (10)1 (10)Other

9 (90)7 (70)Never tested for HIV

16 (--)2 (2.1)Average years since last HIV testb, mean (SD)

aIQR: interquartile range
bAmong participants reporting having tested for HIV in their lifetimes.

In addition to these strengths, however, interviewees also noted
a number of important drawbacks of HBST compared with more
traditional, clinic-based testing. Many target users noted a fear
of conducting the test incorrectly when doing it on their own
as a key reservation:

I would be super terrified that I would be messing
something up, and I wouldn’t actually know how to
use it, so I don’t know if there’s a way to somehow
make a YouTube video or something or have (...) like
a Q-R code that went to a video that showed how it’s
done. As a millennial, I don’t like to read. Things
need to be like quick and easy. [Participant 5,
21-year-old white male, never tested]

Participants also noted concerns about the potential
consequences of getting results from an HIV test while alone
as another drawback of HBST:

What happens when the result comes back positive?
With a clinic or some other kind of professional
present, there’s someone who can handle the situation
in some ways if I’m not able to myself. And here,
someone who is not able to handle the situation, for
example by calling a professional or going to the
doctor afterwards, would be left alone. [Participant
3, 36-year-old white male, last tested 2.1 years ago]
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Finally, when asked whether they would prefer using a HBST
kit versus testing at a clinic, participants overwhelmingly said
they would prefer to use HBST:

You can’t say ‘Oh, I don’t want to go make that
doctor’s appointment when you’ve got this sitting in
your cabinet and you can use it. (...) I can’t think of
too many cases where you wouldn’t just want to do
(HBST) to save yourself the time, hassle, and stigma
(...) of going to the clinic. [Participant 8, 48-year-old
African American male, never tested]

Perceptions of Offering Follow-Up after HBST
When we asked these participants about their views of offering
more active follow-up counseling and referrals after HBST by
reaching out to users (as opposed to providing users with the
phone number of a 24-h helpline), most thought this would be
helpful. The advantage most commonly identified by
participants was that actively following up with HBST users
would show concern and provide support:

There’s something always great about talking to
another human being. (...) You’re just left kind of very
vulnerable out there, and you don’t have the structure
around you that you would if you went to a medical
clinic, and that sense of direction and extra support
from people to come in and help you would be nice.
It’s bringing in that support structure that’s already
in the medical clinic into the home. [Participant 2,
21-year-old Hispanic male, last tested 1.1 years ago]

Participants also suggested that this active follow-up could be
especially important for users who receive reactive results
through a HBST kit, specifically because it could help link them
with confirmatory testing and follow-up care:

I suppose like if you did find your result to be positive
that could be kind of shocking and that you might
really not be sure what to do. It would be an
advantage to have someone there with you to talk
about what to do. [Participant 3, 36-year-old white
male, last tested 2.1 years ago]

Another commonly identified advantage was that having a
counselor reach out could encourage users to follow up with
referrals and test again in the future:

I think the reaching out, it shows concern. I think it
would spark enthusiasm to get serious about (getting
tested). [Participant 7, 42-year-old African American
male, never tested]

A few participants thought offering active follow-up was either
unnecessary because users could find information by themselves,
or because it could deter some users from testing who would
prefer not to speak with someone afterward:

I might want additional information or referrals, and
assuming the test doesn’t offer it, then I would be able
to get that. But one of the biggest advantages of this
test that I see is what people who are afraid of talking
to a doctor or a person about HIV could use it. And
I would rather have those people be able to use the

test than not take it at all. [Participant 9, 24-year-old
white male, never tested]

Finally, participants overwhelmingly believed that receiving a
phone call would be the best way for counselors to follow up
after using an HBST kit. However, others suggested they would
be equally comfortable with text-based forms of communication,
like chat, text, or even email:

I think (calling is) very old, outdated—people have
changed, technology has changed. For me, I guess I
respond best by email or texting. Maybe if there was
an app, that would be super cool. [Participant 5,
21-year-old white male, never tested]

Phase 2: Usability Testing
Ten participants completed phase 2, and of these, only 1 (10%,
1/10) reported having ever tested for HIV. No participants
reported having taken or heard of HBST prior to participating.
Seven participants used iOS smartphones and 3 used Android
smartphones. All users in phase 2 reported having tested
negative.

Nine of ten opening events were successfully captured, and by
participant report, notifications typically registered within a
minute after having opened their HBST kits. Follow-up calls
were successfully placed within 24 h to each of the 9 users for
whom the system worked as expected. Follow-up interview
data with the remaining user suggested that the system failed
because his smartphone was being repaired when he opened the
test. Together, the results of our lab testing and this usability
test show that the eTEST system was able to successfully detect
when “smart” HBST kits were opened by users, except in less
common circumstances in which participants’ phones were not
functional.

Phase 2 qualitative interviews also suggested that our strategy
of monitoring when users opened their tests using a BLE beacon
and smartphone app was a good fit with how participants used
their tests at home. For example, one key question about this
approach was whether users actually took their home-based
tests soon after initially opening the test enclosure, or whether
there would be a delay, making efforts to follow up after initially
opening the test less relevant. However, results suggest that all
users took their tests within a few minutes after opening them.
Since the smartphone can only detect data from beacons within
a certain proximity (≈50 m), another question was about whether
users would have their phones nearby them when they took the
test. All participants reported having their phones within a few
feet of the test when opening it, with some adding that they used
other features of their phones to help them with the test (eg, the
“timer” app). Finally, users also noted that the eTEST app did
not appear to drain their phone battery noticeably, and that it
used very minimal data.

User Perspectives
Feedback from these participants about home-based testing and
the eTEST system was very positive. Participants emphasized
the simplicity of the home-based test itself, with several also
noting that providing the test kits in the mail at regular intervals
may encourage them to test more regularly:
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It was just so easy to follow the directions (of the
HBST). They seemed to think of everything. I kind of
enjoyed doing it at home, it seemed very
straight-forward. If that thing came in the mail on a
schedule, I think somebody would be much more likely
to do it, as opposed to like ‘Oh, I’ve got to go down
there) to get tested). [Participant 17, 22-year-old white
male, never tested]

Many participants also noted that having QHTCs follow up
with them after they tested over the phone could provide
important support, and may help many overcome obstacles they
have in seeking help afterward:

I find it unnerving in these kinds of circumstances to
take the first step of getting that information, so to
have someone else there saying ‘Oh, I have this
information for you right now,’ I think is very helpful,
because sometimes (finding) those things on your own
can be a bit stressful. [Participant 11, 22-year-old
white male, never tested]

Several also noted that following up with users after they test
at home could be especially important for those who have
reactive results (hypothetically), and could play a role in
motivating these users to seek timely confirmatory testing and
follow-up care:

I think it’s good to have a follow-up, in case there
was a situation where it was positive, I would know
that someone would be contacting me to give me
clinical information and places I could call to set up
an appointment or get in contact to continue the
process of getting a diagnosis. It definitely would
force you to continue with a follow-up. [Participant
13, 27-year-old white male, never tested]

Finally, some users said that, even for those who test negative,
follow-up calls could be helpful for connecting users with
referrals for other services (STI testing, in particular):

Most of the advertising you see is for HIV (testing),
so I’d never heard of a place or a clinic you could go
to have (STI testing) done until now. [Participant 11,
22-year-old white male, never tested]

Participants also provided feedback about the method of offering
counseling and follow-up after testing (ie, phone calls), as well
as the timing and duration of the calls (which lasted on average
10 min; range 5-19 min). Most participants preferred to receive
counseling and follow-up over the phone, but a few noted having
other options to seek information and ask questions might be a
better fit for some users:

The phone, I imagine, would be the simplest for a lot
of follow-up conversations. The questions back and
forth are easier to answer than maybe like an email
would be. With the way younger people are used to
technology these days, though, it’s more about text
messaging and something that’s not as personal as
actually seeing somebody. [Participant 14, 62-year-old
white male, never tested]

All participants agreed that the duration of the calls was
appropriate, and that the topics addressed during the follow-up

were relevant and useful. However, they disagreed about the
timing of calls. Nearly all suggested that placing these calls
within 24 h would ensure that the conversation would be most
relevant; however, some participants said they would have
preferred getting the call even sooner. Several noted that the
best time to call might depend on the test results, and that, if
they had received reactive results, they may want to be contacted
sooner:

(If the results were reactive,) my gut says within an
hour, I would want the phone to ring. If it was too
long, who knows what I might do? It’s so treatable
that I highly doubt (anything would happen), but I
think I would still want the call. [Participant 20,
45-year-old white male, never tested]

Discussion

Principal Findings
Our goal in developing the eTEST system was to make testing
for HIV more accessible, especially for high-risk MSM who
encounter barriers to clinic-based testing services. HBSTs for
HIV could be a key opportunity to help achieve this, since they
eliminate some of the most common barriers that prevent
high-risk individuals from testing more regularly in clinics
[10,16,32]. One way to encourage more regular testing might
be to deliver HBST to those at highest risk at specific intervals
(eg, 3 months or 6 months), so that new infections can be
detected earlier [24,25]. However, to ensure that those who use
HBST can be efficiently connected with vital posttesting
resources (eg, confirmatory testing and care), a tool that can
monitor HBST use in real time and facilitate post-test follow-up
and referral is needed. Results from this study provide strong
support for the feasibility and acceptability of a tool we
developed to accomplish this.

Consistent with past research [11,12,32], our preliminary
interviews with high-risk MSM who met partners on the Web
and who had not tested for HIV in the last year suggest that
access to HBST may indeed encourage these individuals to test
more regularly, and that most viewed HBST as more convenient,
confidential, private, and empowering. Nearly all participants
in both phases also reported that they believed they would be
more likely to test using HBST than getting tested at a clinic.
However, another important goal of developing the eTEST
system was to address one of the key limitations of HBST: The
lack of follow-up and linkage to care after testing at home. The
results of our initial interviews suggested that, whereas some
high-risk MSM may not prefer it, most saw advantages of
offering counseling and referral over the phone after using a
HBST. Specifically, participants noted that phone calls from
an HIV test counselor would show concern, provide reassurance,
and could connect them with professional help. Participants
who actually experienced this sequence of follow-up shared
these perspectives. Many also discussed ways to reduce their
risk with counselors during the calls and received referrals for
STI testing and PrEP.

Usability study findings provide key preliminary support for
the feasibility and acceptability of our approach to monitoring
participants’ use of HBST kits (thereby enabling timely, active
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follow-up phone calls). In developing the system, we hoped to
ensure that it would work without requiring users to interact
with their phones, since we expected that most would-be users
of this system will not keep the app running or have their phones
actively awake or in-use at the time they test. This is particularly
important, given that we designed this system to be used over
long periods of time, since even high-risk MSM would be
encouraged to test once every 3 months, at most. With our
approach, we were able to successfully detect 90% (n=9) of test
kit opening events across both Android and iOS smartphones,
with the one “missed” event occurring due to the user having
his phone repaired. Also key to long-term acceptability was
ensuring that the eTEST app was not overly burdensome and
did not interfere with users’ day-to-day use of their phones. All
usability study participants kept the eTEST app on their phones
for the week required and reported that the app did not
noticeably affect their phone’s battery, data usage, or memory
(iOS: 33.4 MB, Android: 20.0 MB). Similarly, usability testing
also confirmed that our strategy for monitoring HBST kits
addressed many of the parameters needed for the system to work
successfully. Specifically, we found that users took their tests
soon after opening the test’s plastic enclosure, suggesting that
monitoring when the test kit is opened serves as an appropriate
marker of when they actually took the test. Results also
confirmed that participants often had their phones very close
to them when they completed the test, with some using other
features of their phones to help them with the test (eg, to time
the required 20-min wait before reading results). This was
important to confirm, since users’ phones must be within
approximately 50 m of the beacons in the test kits to capture
data being transmitted from them.

Perspectives from usability study participants also provided
support for the utility, duration, and timing of follow-up
counseling and referral phone calls. Echoing phase 1 results,
several usability study participants reported that receiving the
follow-up calls provided them with support and reassurance,
even though all test results were negative. Many also noted that
the counselor’s ability to provide them with further information
about HIV, the test, and other prevention services was a strength.
Finally, usability participants also noted that follow-up calls
were timely and brief. Some reported that it might be ideal to
connect with users who receive reactive results sooner than 24
h later; however, most said that the timing seemed appropriate
and that the duration was brief enough to encourage them to
take the call. Finally, participants also noted that they had no
concerns about the privacy of the app or its features (eg, push
notifications), since all register within a few minutes of opening
their tests, ensuring that they were already in a private location
when it displayed. Additionally, most had already made use of
their devices’ lock screen feature. Overall, these perspectives
suggest that the HBST kits were easy to use and that the
follow-up phone calls could be an important way to offer support
to HBST users in general. They also suggest that reaching out
to users afterward could be an important way to link them with
other important resources like STI testing and PrEP, and with
confirmatory testing and care (for those who receive reactive
results).

Limitations
Several important limitations should be noted. First, as this
system relies on a smartphone app that uses data, it can only be
used by those with iOS or Android (version 4.3 or higher)
smartphones that have a data plan. Market research suggests
that up to 68% of the adult population in the United States
currently own smartphones [31], and this figure is likely to grow
exponentially in the future. iOS and Android users comprise
95.3% of these smartphones [32]. As demonstrated in our
usability study, the eTEST system could be used to target MSM
who use smartphone apps to meet partners on the Web, and
therefore already use smartphones. However, some of those at
highest risk for HIV may not own or use smartphones [33,34].
Similarly, the eTEST system was designed with the future goal
of facilitating a free HBST program that involves regularly
sending kits to participants in the mail. As such, its utility among
particularly vulnerable and at-risk individuals, such as the
homeless, may be limited. However, future research could
explore alternative methods of test delivery and detection that
are more fitting for individuals with unstable housing. Second,
several characteristics of the technologies used may lead to
“missed” test opens. Opening events are successfully captured
even when the app is not running (even in the background) and
the phone is in sleep mode; however, the phone must be turned
on and the app must be on the phone and registered (ie,
successfully paired with a 4-digit PIN number) at the time the
test is opened. In addition, the phone must be within about 50
meters of the beacon. Finally, it should be noted that, while we
are excited about the implications this work may have for
improving the delivery of HBST, we do not believe HBST
should replace testing at a clinic. More research is needed, but
we believe the most fitting approach might involve encouraging
HBST use in between visits to a clinic to get tested.

Future Research
Whereas these data show that the system operates as intended
and that the perspectives and preferences of a small pool of
intended users (ie, high-risk MSM) are supportive, additional
research is needed to address a number of key questions about
the utility of offering HBST programs to high-risk groups.
Specifically, a key next step should involve testing whether
HBST-based strategies improve rates and frequencies of HIV
testing among high-risk populations that typically test
infrequently, and in particular, whether these strategies are
capable of reducing incidence among them as a result. To
address this, future research should explore whether HBST
approaches detect more new infections and facilitate earlier
diagnoses compared with relying on clinic-based testing alone,
as well as whether the eTEST approach is successful in linking
users with key additional services that can prevent or reduce
the risk of future infections (eg, confirmatory testing and care,
STI testing, PrEP). With these data, researchers can model the
potential population-level effects of incorporating HBST-based
strategies into community testing programs on HIV incidence.
Arguably the most important benefit of conducting posttest
follow-up after HBST is the potential it has for linking those
who receive reactive results with confirmatory testing and care
as soon as possible. This could suggest that it is best to focus
follow-up efforts toward these users in some way; for example,
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by using the eTEST system to generate an automated SMS text
message asking participants to report the results of their test,
and then placing follow-up calls to only those who report
receiving a reactive result. However, the lack of follow-up and
referral to other prevention services (eg, STI testing, PrEP) for
those who test negative has also been cited as another key
limitation of HBST [24,25]. Linking users with these services
may also provide valuable benefits by reducing future risk. As
such, we believe that the question of “how” to offer follow-up
and “with which users” is a question best left to future studies.
For this reason, this manuscript details the rationale and
approach for offering follow-up that could be useful for both
types of users.

In summary, this study illustrates our use of emerging IoT
technologies to enable more robust delivery of counseling and
referral services alongside HBST for HIV. Iterative, qualitative
research provided preliminary support for the feasibility and
acceptability of using this approach to monitor when HBST
users take their tests in order to facilitate timely follow-up phone
calls from counselors. We are excited about the potential these
technologies have for encouraging high-risk individuals to test
more frequently; however, further work is needed to explore
acceptability among target users over broader time periods (eg,
months and years) as well as the effects that frequent HBST
and follow-up phone contact have on rates of HIV testing and
linkage to other prevention resources.

 

Acknowledgments
This manuscript was supported by R21MH109374 from the National Institute on Mental Health and L30AA023336 from the
National Institute on Alcohol Abuse and Alcoholism. PAC is supported by the National Institute of Allergy and Infectious Diseases
(K23AI096923).

Conflicts of Interest
None declared.

Multimedia Appendix 1
The OraQuick home-based self-test for HIV, fit with Estimote Location beacon.
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Multimedia Appendix 2
The Estimote Location Bluetooth low energy (BLE) beacon.
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Abstract

Background: The number of adolescents with chronic health conditions (CHCs) continues to increase. Medication nonadherence
is a global challenge among adolescents across chronic conditions and is associated with poor health outcomes. While there has
been growing interest in the use of mHealth technology to improve medication adherence among adolescents with CHCs,
particularly text messaging and mobile phone apps, there has been no prior systematic review of their efficacy.

Objective: The purpose of this review was to systematically evaluate the most recent evidence for the efficacy of text messaging
and mobile phone apps as interventions to promote medication adherence among adolescents with CHCs.

Methods: PubMed, Embase, CENTRAL, PsycINFO, Web of Science, Google Scholar, and additional databases were searched
from 1995 until November 2015. An additional hand search of related themes in the Journal of Medical Internet Research was
also conducted. The Preferred Reporting Results of Systematic Reviews and Meta-Analyses guidelines were followed. Two
reviewers independently screened titles/abstracts, assessed full-text articles, extracted data from included articles, and assessed
their quality using Grades of Recommendation, Assessment, Development, and Evaluation criteria. Included studies were described
in original research articles that targeted adherence in adolescents with CHCs (12-24 years-old).

Results: Of the 1423 records examined, 15 met predefined criteria: text messaging (n=12) and mobile phone apps (n=3). Most
studies were performed in the United States (11/15, 73%), were randomized-controlled trials (8/15, 53%), had a sample size <50
(11/15, 73%), and included adherence self-report and/or biomarkers (9/15, 60%). Only four studies were designed based on a
theoretical framework. Approaches for text messaging and mobile phone app interventions varied across studies. Seven articles
(7/15, 47%) reported significant improvement in adherence with moderate to large standardized mean differences. Most of the
included studies were of low or moderate quality. Studies varied in sample size, methods of adherence assessment, and definition
of adherence, which prohibited performing a meta-analysis.
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Conclusions: The use of text messaging and mobile phone app interventions to improve medication adherence among adolescents
with CHCs has shown promising feasibility and acceptability, and there is modest evidence to support the efficacy of these
interventions. Further evaluation of short- and long-term efficacy and cost-effectiveness of these interventions is warranted given
the early and evolving state of the science.

(JMIR Mhealth Uhealth 2017;5(5):e66)   doi:10.2196/mhealth.7798

KEYWORDS

adolescents; medication adherence; chronic health conditions; chronic medical conditions; text messaging; mobile phone apps;
smartphone apps; smartphone applications

Introduction

In the United States, about 15-20% of children and adolescents
have chronic health conditions (CHCs) (eg, asthma, diabetes),
a number that has doubled in the past 20 years accompanied by
increased health care expenses [1,2]. The increased rate of
children and adolescents with CHCs is mainly driven by the
rising prevalence of asthma and obesity, and the advances in
medical care that have led to improved survival over time [3,4].
Adolescents with CHCs have specific health needs and contend
with daily challenges involving their illness-related routine,
including administration of daily or weekly medications, diet
restrictions, lifestyle changes, laboratory monitoring, and
outpatient follow-up with medical teams [5].

Medication adherence in particular is an important component
of the treatment regimen as it often drives long-term outcomes.
It is also a global public health problem, and it represents a
barrier to achieving optimal health as a primary cause of
treatment failure and avoidable complications [5]. Medication
nonadherence rates are estimated to be 50-75% among pediatric
patients with CHCs, with some evidence of lower adherence
among adolescents [5,6]. Medication nonadherence has been
associated with poor health-related quality of life (HRQOL)
scores, increased morbidity and mortality, and increased health
care utilization with an estimated US $100-300 billion of annual
avoidable health care costs [6-13]. Engaging adolescents with
CHCs in self-management skill building, including medication
adherence, has long-term benefits [14-16]. Although treatment
regimen and monitoring requirements vary across pediatric
CHCs, most adolescents with CHCs perceived adherence
barriers as multifaceted, but with common attributes across
conditions [17].

Earlier systematic reviews and meta-analyses of pediatric
patients with CHCs have shown evidence of a positive impact
of interventions on medication adherence, HRQOL, and family
functioning as well as reduction in health care utilization
[18-24], although with primarily small effect sizes and
methodological limitations. There has been growing interest in
the use of technology to improve medication adherence and
self-management skills in the last few years. Adolescents have
ubiquitous access to mobile technology, in particular text
messaging and mobile phone apps, across levels of social
position and status [25-27]. The adoption of these technologies
by adolescents has opened up new opportunities to link patients
with their providers and to improve self-management and
medication adherence. A recent review examined the efficacy
of mobile apps in improving self-management skills, not

specifically medication adherence, among adolescents with a
physical CHC or long-term condition. However, they were not
able to draw concrete conclusions because of the lack of
evidence-based studies and the heterogeneity of the included
studies [28].

The purpose of this review is to systematically evaluate the
most recent evidence for the efficacy of text messaging and
mobile phone app interventions in promoting medication
adherence among adolescents with CHCs. We focused on text
messaging and mobile phone app interventions in particular
because these technologies are the most widely and frequently
used by adolescents and are thus most likely to serve as the
basis for future intervention development.

Methods

We followed the guidelines for the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) in the
reporting of evidence across the studies we reviewed
(Multimedia Appendix 1) [29]. This review was registered with
the International Prospective Register of Systematic Reviews
(PROSPERO) (CRD42015025907) [30].

Article Retrieval
A librarian (LO) collaboratively developed the highly sensitive
medical subject headings (MeSH) term based search strategies
with other review authors (SB, LK) and from July to September
2015 ran searches in the following databases: PubMed
MEDLINE; Embase; Cochrane Central Register of Controlled
Trials (CENTRAL) on the Wiley platform; the Cumulative
Index to Nursing and Allied Health Literature (CINAHL)
(EBSCO); PsycINFO (EBSCO); Web of Science; Center for
Review and Dissemination; and Inspec (EBSCO). Additional
searches were run in November 2015 using the following
sources: Proquest Dissertations; Scopus; ClinicalTrials.gov;
World Health Organization Clinical Trials;
Controlled-Trials.org; Institute of Electrical and Electronics
Engineers Explore; and Google Scholar. Search strategies for
all databases except MEDLINE were adapted from the PubMed
MEDLINE strategy. All databases were searched back to 1995,
which is a point in time when access to mobile phones began
to increase rapidly. No language limits were applied. The search
strategy specified keywords, including text messaging, phones,
mobile apps, and portable software combined with adherence
or compliance, and search terms related to child, pediatric,
adolescents, and youth. We also reviewed the search strategies
of previous studies to include additional terms. See Multimedia
Appendix 2 for complete search strategies in each database. An
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additional hand search of related themes in the Journal of
Medical Internet Research was also conducted. We also
attempted to identify additional studies by searching the
reference lists of key studies and relevant systematic reviews.
We contacted authors of included publications to obtain
additional studies meeting the inclusion criteria.

Study Selection
The inclusion criteria were as follows: (1) adolescents (12-24
years old) [31] with a chronic illness requiring long-term daily
or weekly medications for ≥12 months, (2) original research
articles, (3) studies that were either randomized controlled trials,
quasi-experimental studies, or pilot/feasibility studies (including
single arm, pre-posttest), (4) text messaging or mobile
phone based interventions (app or mobile intervention), and (5)
medication adherence as the primary or secondary outcome.
The exclusion criteria included (1) mean or median age of entire
study cohort in the study was either <12 years old, >24 years
old, or not specified, (2) adolescent participants were not the
target of the intervention (eg, intervention targets babies born
to adolescent mothers with human immunodeficiency virus or
targets parents of adolescents), (3) text messaging and mobile
phone apps as interventions focused on disease monitoring or
ecological momentary assessment, but not meant to improve
medication adherence, or (4) technology-based interventions
other than text messaging and mobile phone apps, such as Web-
or Internet-based interventions, personal digital assistant, etc.

Data Extraction
We used a standardized form for data extraction. Data items in
the extraction form included the following: first author’s name;
publication year; country; condition or disease focus of the
study; participants’ age; study design; duration of intervention
and follow-up; components of text messaging or mobile phone
app interventions; control group (if applicable); adherence
measures; adherence rates; other outcome measures such as
disease-related outcomes of morbidity and mortality, HRQOL,
and self-efficacy or self-management skills; and theoretical
framework. Two authors coded all included articles individually,
and then the lead author (SB) independently reviewed all codes.
Disagreements were resolved by discussion or by consultation
with a third author, if needed.

Quality Assessment and Strength of the Evidence
Studies described in each article were evaluated for the quality
of evidence using the GRADE approach (Grades of
Recommendation, Assessment, Development, and Evaluation)
[32]. This method evaluates four different key domains including
consistency, directness, risk for bias, and precision of the
evidence. Two authors graded all included articles individually,
and then the senior author (LK) independently reviewed all
grades. Disagreements were resolved by discussion or by
consultation with a third author, if needed.

Data Analysis
Data were analyzed quantitatively and qualitatively. Our primary
outcome measure was mean change in medication adherence
rate, and data were analyzed for those who had baseline and
follow-up values. We also analyzed mean change in
adherence-related laboratory markers. Standardized mean
differences (SMD) with 95% confidence intervals were
calculated—using means and standard deviations—to evaluate
the efficacy of text messaging and mobile phone based
interventions in improving subjective and objective measures
of adherence, including adherence rates and adherence-related
laboratory markers [33]. Data were analyzed using Stata 13.

Results

Literature Search
A total of 1423 citations were retrieved; 1137 in the July-August
2015 search and 286 in the search in November 2015. After
removing duplicates, 1118 original articles remained (see Figure
1). Two authors (SB and LK) independently screened the article
titles and abstracts of 1118 records against inclusion criteria,
and a total of 156 records met all predefined inclusion criteria.
Two authors (SB and LK) then independently reviewed the full
text of these articles in detail against the exclusion criteria, and
141 articles were excluded. A total of 15 articles met all
predefined criteria to be included in this review [34-48]. We
did not identify any non-English articles that met our inclusion
criteria. The study flowchart and reasons for exclusion of full
text papers were documented in an adapted PRISMA study
flowchart (see Figure 1) [49].
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Figure 1. Flow of studies through the review according to PRISMA guidelines.

Study Characteristics
Although our search included studies published since 1995, no
eligible studies were identified before 2005, with most studies
(12/15, 80%) published since 2010 (Table 1)
[34-39,41-44,46,48]. Most studies were performed in the United
States (in whole or in part; 11/15, 73%) [34,36-38,41,42,44-48].
Studies targeted eight different CHCs, including those of
adolescents with acne (n=2) [34,39], asthma (n=1) [47],
depression (n=1) [42], diabetes mellitus (n=4) [35,40,43,46],
human immunodeficiency virus (n=2) [37,41], liver transplant
(n=2) [44,45], sickle cell disease (n=2) [36,38], and systematic
lupus erythematosus (n=1) [48]. Most studies were small in size
(ie,  50 participants; 11/15, 73%) [34-37,42-48], and just over
half (8/15, 53%) included samples of young adults (with a mean
or median age ≥18 and ≤24 years old) [34,37,39,41-43,47,48].
In terms of study design, more than half were RCTs (8/15, 53%)
[34,39-43,47,48], and the remainder were primarily single-arm
nonrandomized trials (6/15, 40%) [35-37,44-46] or retrospective
chart reviews (1/15, 7%) [38]. The duration of the studies varied:
2-4 weeks (2/15, 13%) [42,43], 12-16 weeks (5/15, 33%)

[34,35,39,46,47], 24 weeks (3/15, 20%) [36,37,41], and 12
months or more (5/15, 33%) [38,40,44,45,48]. Only one study
evaluated the durability of intervention effects in a crossover
design with 6-month follow-up in one of the study arms after
the intervention was discontinued [41]. Measures of medication
adherence included self-report (9/15, 60%) or biomarkers (9/15,
60%), as well as other forms of monitoring (7/15, 47%), such
as Medication Event Monitoring System caps, directly observed
therapy, pill count, and pharmacy records abstraction. Three
studies (20%) measured additional adherence behaviors,
including completion of laboratory visits [44], clinic visits [48],
and monitoring of peak expiratory flow values in patients with
asthma [47]. Only four studies (27%) incorporated explicit
theoretical approaches or frameworks into the model of
intervention effects, including Theory of Planned Behavior [43],
Gamification theory [35], and Social Cognitive Theory [40,41].
Most studies (12/15, 80%) were rated “low” or “moderate”
according to the GRADE criteria (Table 1) [32], with low ratings
primarily due to limitations in design as well as imprecision of
results.
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Table 1. Summary of included studies that focused on improving adherence in adolescents with CHCs using text message or mobile phone app
interventions.

GradeAdherence measureParticipantsAge (years)Intervention (study de-
sign)

Source (condition)

LowMedication event monitor-
ing system

Total N: Enrolled (40)

Lost follow-up (7)

Final N=33: Interven-
tion (15); Control (18)

Mean (SD) (range): En-
tire cohort 22.7 (5.7)
(12-35)

Text 22.8 (5.6) (14-35)

Control 22.5 (5.9) (12-
32)

Text messages (RCT)Boker et al 2012, USA (ac-
ne) [34]

Low7-day recall self-reportTotal N: Enrolled (160)

Lost follow-up (15)

Final N=145: Interven-
tion (74); Control (71)

Mean age: Text 19.5

Control 18.5

Entire cohort range (14-
28)

Text messages (RCT)Fabbrocini et al 2014, Italy
(acne) [39]

LowSelf-report of daily medica-
tion use in a paper diary

Final N=16: Interven-
tion (8); Control (8)

Mean (SD): 24.6 (6.5)Text messages and in-
person sessions (RCT)

Ostojic et al 2005, Croatia
and USA (asthma) [47]

LowPill countTotal N: Enrolled (57)

Lost follow up (10)

Final N=40: Interven-
tion (20); Control (20)

Mean (SD): 20.6 (4.3)Mobile phone app
(RCT)

Hammonds et al 2015, USA
(depression) [42]

ModerateSelf-reportTotal N=20: Withdraw-
al (2)

Incomplete data (6)

Final N=12, Interven-
tion

Mean (SD): 15.1 (1.3)Mobile phone app “
bant” (pilot trial)

Cafazzo et al 2012, Canada
(diabetes mellitus) [35]

Laboratory marker (glyco-
sylated hemoglobin
“HbA1c”)

ModerateSelf-reportTotal N: Enrolled (92)

No allocation (3)

Lost follow-up (1)

Discontinued text (13)

Final N=90: Conven-
tional insulin therapy
(27)

Conventional insulin
therapy and ST (32)

Intensive insulin thera-
py and ST (31)

Age (median, range):
CIT 12.7 (10.5-14.8)

Conventional insulin
therapy /ST 14.1 (11.7-
15.6)

Intensive insulin thera-
py/ST 12.6 (11.2-15.4)

Text messages “Sweet
Talk” (ST) (RCT)

Franklin et al 2006, UK (di-
abetes mellitus) [40]

Laboratory marker
(HbA1c)

LowSelf-reportTotal N: Enrolled (19)

Lost follow-up (1)

Final N=18: Interven-
tion (8); Control (10)

Range for entire cohort
is 18-30

Text messages (RCT)Louch et al 2013, UK (dia-
betes mellitus) [43]

LowLaboratory marker
(HbA1c)

Enrolled (28)

Incomplete data (5)

Final N=46: Interven-
tion (23); Historically
matched controls (23)

Mean (SD): Interven-
tion 15.9 (2.9); Controls
15.8 (2.7)

Text messages “Su-
perEgo” (pilot trial with
a historical control)

Mulvaney et al 2012, USA
(diabetes mellitus) [46]

LowSelf-report (visual ana-
logue scale and AIDS
Clinical Trials Group)

Total N: Enrolled (25)

Lost follow-up (3)

Technical issue (1)

Final N=21

Mean (range): 23 (14-
29)

Text messages (pilot
trial, pre-post design)

Dowshen et al 2012, USA
(human immunodeficiency
virus “HIV”) [37]

Laboratory markers (viral
load and CD4 cell count)

ModerateSelf-report (visual ana-
logue scale)

Final N=105: Control
(51) Intervention (54)

Mean (SD): 24.1 (2.9)

Median (range): 23 (18-
29)

Text messages (RCT)Garofalo et al 2015, USA
(HIV) [41]

Laboratory markers (viral
load and CD4 cell count)
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GradeAdherence measureParticipantsAge (years)Intervention (study de-
sign)

Source (condition)

LowLaboratory testing partici-
pation rate

N=42Median (range): 16 (12-
20)

Text messages (pilot
trial with a historical
control)

McKenzie et al 2015, USA
(liver transplant) [44]

LowLaboratory markers
(tacrommilus levels and
SD values)

Total N: Enrolled (41)

Dropout (17)

Final N=24

Median (range): 15 (1-
27)

Text messages (pilot
trial, pre-post design)

Miloh et al 2009, USA (liver
transplant) [45]

Very lowObserved adherenceTotal N=15

Final N=14

Mean (SD): 13.7 (6.3)Text messages and Mo-
bile Direct Observed
Therapy “m-DOT” (pi-
lot trial, pre-post de-
sign)

Creary et al 2014, USA
(sickle cell disease) [36]

Self-report (Morisky Med-
ication Adherence Scale)

Medication possession ra-
tio

Laboratory markers (fetal
hemoglobin and mean cor-
puscular volume)

LowMedication possession ra-
tio

Total N=83

Final N=55

Median (range): 13.9
(12.1-16.1)

Text messages “SI-
MON” (retrospective
study)

Estepp et al 2014, USA
(sickle cell disease) [38]

Laboratory markers (fetal
hemoglobin and mean cor-
puscular volume)

LowSelf-report (Medication
Adherence Self-Report In-
ventory)

Final N=41: Interven-
tion (19); Control (22)

Mean (SD): 18.6 (2.5)Text messages (RCT)Ting et al 2011, USA (sys-
temic lupus erythematosus)
[48]

Medication possession ra-
tio

Laboratory markers (hy-
droxychloroquine levels)

Intervention Type
The majority of interventions used text messaging to promote
medication adherence via reminders or motivational messages
(12/15, 80%) [34,37-41,43-46,48]. Of these 12 studies, only
one combined text messages with other in-person intervention
components (educational sessions) [47]. Additional interventions
used other mobile phone based approaches or apps (3/15, 20%),
including multifunction mobile phone apps [35,42] and mobile
phone based directly observed therapy [36].

Intervention Characteristics

Text Messaging Interventions
Text messaging interventions varied by frequency of messaging,
message content, and added functionality. Most of text
messaging interventions included one [36-38,40-43,45], two
[34,39,48], or three [47,48] daily text reminders, or even more
frequently in relation to meals [46]. Other studies provided
reminders at different frequencies including weekly
[40,41,46,47]; monthly, bi-monthly, or quarterly for laboratory
monitoring [44]; and 1, 3, and 7 days before scheduled clinic

appointments [48]. Most studies sent text message reminders
that were customized to the patient’s medication regimen or
personal preferences in terms of both scheduling (ie, time/day)
and message content [34,37-41,43-48]. In addition, four studies
had patients and/or parents create the content of the text
messages themselves [38,40,45,46], and two of these studies
included the use of a text message pool or bank [40,46]. The
most sophisticated intervention designs also included messages
related to dosing, side effects, adherence barriers, goal setting,
positive reinforcement [39,40,43,46], or targeted to theoretical
constructs [43]. Additional functionalities included patient
reporting of physiological information via text (eg, peak
expiratory flow in asthma patients) [47]; prompting of text-back
responses from patients (two-way text messaging approach)
[34,37,41,44,45]; sending text messages to parents if patients
did not respond to scheduled reminders [45]; and the ability to
request messages from individuals within their social network
via the intervention platform [35,46] or from a motivational
support network [40]. None of the text message intervention
studies included a reward system or scheduled incentives for
participants. Table 2 describes the approach and the components
of different text messaging interventions.
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Table 2. Description of text message interventions.

Intervention descriptionIntervention purposeAuthor/year (condition)

Text messages twice daily (Duac in AM, Gifferin in PM) for 12 weeksImprove adherence to recommended
use of topical acne medication (text
messages)

Boker et al, 2012 (acne)
[34]

Customized electronic reminder schedule at a specific time based on patient prefer-
ences and anticipated time of each medication use

2-way communication: patients asked to text back a reply if and when each application
was completed

Identical text with general content to all patients, varied only by starting with patient’s
first name

Texts were sent through: www.LetterMeLater.com

Texts twice daily for 12 weeks (11 consecutive days)Improve adherence to acne medica-
tions (text messages)

Fabbrocini et al, 2014
(acne) [39]

Texts focused on frequently asked questions about acne medications, such as admin-
istration, daily dose, and side effects

Texts were identical to all patients (no customization) covering 11 frequently asked
questions

Texts re-sent in same sequence every 11 days until end of 12 weeks

Patients sent their PEF results daily via text messages for 16 weeksImprove adherence to inhaled medi-
cations and peak expiratory flow

Ostojic et al, 2005
(asthma) [47]

Data connected to a computer with software that automatically computed maximal,
minimal, and mean PEF, PEF variability, and compliance

(PEF) monitoring (text messages
and in-person sessions)

PEF measurements 3 times daily with medication use and symptoms in paper diary

Therapy was adjusted weekly by an asthma specialist according to peak expiratory
flow meter (PEFM) values received daily from the patients

1-hour asthma education session with specialist at clinic: discussed symptoms,
asthma symptom score, indicators of control, medication use, and correct use of
metered dose inhaler and PEFM

Text messages sent daily (1-way communication) at 10 am for 14 daysImprove insulin administration in
young adults with type 1 diabetes;

Louch et al, 2013 (dia-
betes mellitus) [43]

No customization of message contenttest moderation of intervention ef-

Text content was related to the correct insulin administrationfect by personality factors (text
messages)

Text targeted constructs of the Theory of Planned Behavior: attitudes, subjective
norms, perceived behavioral control, and intention

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 5 |e66 | p.207http://mhealth.jmir.org/2017/5/e66/
(page number not for citation purposes)

Badawy et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


Intervention descriptionIntervention purposeAuthor/year (condition)

8-12 text messages/week for 12 weeksMotivate patients and remind them
with their diabetes self-care tasks
(text messages “SuperEgo”)

Mulvaney et al, 2012
(diabetes mellitus) [46]

Scheduled just before and after mealtimes and before bedtime

Customization with users able to alter timing and frequency of messages through a
website

Messages could be scheduled in a 1-way communication at specific times of day
within 15 minute increments and automated to be sent once only, or repeated based
on participant preferences, such as daily, weekly, or on weekends

Individually tailored messages: 75% of messages tailored to the top 3 patient-specific
adherence barriers reported; and 25% of messages were randomly selected from the
remaining message pool

Four functions were included in the system: assessment, message selection, message
scheduling, and requests for messages from others

Text messages were created in collaboration with 96 adolescents with diabetes mel-
litus and no messages were repeated

Participants could add their own messages, search for messages, and delete, change,
or reschedule them using their mobile phone

Participants could also search for and select messages that were associated with a
particular goal

Participants could ask other SuperEgo users for messages relating to a specific goal
and then schedule that message for themselves

Messages could be specified as private or public

Participants could nominate people as part of their support team by entering that
person’s email address into the system to contribute messages for patients

Text message reminders for 12 monthsImprove patients’ self-efficacy and
glycemic control, and enhance their
uptake of intensive insulin therapy
(text messages “Sweet Talk”)

Franklin et al, 2006 (di-
abetes mellitus) [40]

Weekly reminders of the goal set in clinic, and daily reminders providing tips, infor-
mation, or reminders to reinforce this goal

Text messages automated, scheduled, and designed to offer regular support and op-
timize their self-management and control

Database of over 400 messages that encompass the four main diabetes self-manage-
ment tasks (insulin injections, blood-glucose testing, healthy eating, and exercise)

Messages tailored based on patients goals and patients’age, sex, and diabetes regimen

Occasional text “newsletters” regarding topical diabetes issues

Motivational support network

Daily 2-way text messages for 24 weeksImprove adherence to antiretroviral
therapy among youth (text mes-
sages)

Dowshen et al, 2012
(HIV) [37]

Delivered at prespecified time schedule

Personalized content, patients were encouraged to develop messages that maintain
their confidentiality

Interactive with follow-up messages with patients responding with number (1) if
they took their medication and (2) if they did not

Participants could reach out to study coordinator at any time to change the message
or to reprogram the message if their mobile service was interrupted

Texts were sent through: http://www.intelecare.com/
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Intervention descriptionIntervention purposeAuthor/year (condition)

Daily text messages reminder for 6 monthsImprove adherence to antiretroviral
therapy among poorly adherent
youth (text messages)

Garofalo et al, 2015
(HIV) [41]

Initial messages were followed by a second message 15 min later to check if patients
took their medications in a 2-way communication

Personalized by subject for both content and schedule to be timed with medication
doses

Customization with initial message and follow-up messages were designed by the
youth themselves

Texts content were culture and identity sensitive and meaningful to participants

Texts content used more indirect language to maintain confidentiality

Motivational or encouraging follow-up messages were randomly sent to participants
based on their affirmative or negative response

Participants were encouraged to delete messages after taking medication and to use
passcode protection to maintain phone confidentiality

Sent/received and failed/invalid messages were summarized in weekly reports and
sent to research staff to follow up with participants

Texts were sent through: http://www.remedyhealthmedia.com/

Mean duration of the study 13 (SD 1.5) monthsImprove adherence to immunosup-
pressant medications (text mes-
sages)

Miloh et al, 2009 (liver
transplant) [45]

Text schedule was customized at day/time specified by user

2-way communication where patients were expected to respond to text message to
confirm medication intake; if no response within 15 min to 1-hour caregiver notified
via text

Text messages were sent to the person responsible for medication intake (patient or
caregiver)

Patients or their caregivers registered and entered their information into texting
platform (MediM system) with a personal password

Entered information included patient’s name and mobile phone number, caregiver’s
name/ nickname and mobile phone number, the medication name and frequency,
and the exact times of text messages they want to receive

Participants did not enter medication dose as that might change based laboratory test
results

No customization as text messages content was the same for all patients

Text messages were read: “Take [name of medication] at [set time]. To confirm intake,
press REPLY, type CARE 1, and press SEND.”

Participants reimbursed for all text messages costs during the study

Texts were sent through: http://www.carespeak.com/corp/

Automated laboratory tests text message reminders for 12 monthsImprove participation in laboratory
testing among youth (text messages)

McKenzie et al, 2015
(liver transplant) [44]

Text message timed with lab tests (monthly, bimonthly, quarterly) as reminder to
complete lab tests

Text message reminders sent first Monday of each month when testing was due

On last Monday of the month, patients received a message about laboratory testing
completion

Same message content for all patients

2-way communication as patients replied back as yes/no responses

No reimbursement for the cost of text messages, but all participants had unlimited
text plans

Mobile phone numbers entered into a secure website with secure-password

$31/month to maintain the intervention or website domain
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Intervention descriptionIntervention purposeAuthor/year (condition)

Scheduled daily text message reminders for 12 monthsImprove adherence to hydroxyurea
therapy (text messages: SIMON)

Estepp et al, 2014
(sickle cell disease)
[38] Customizable for content, frequency, and duration

Participants created their own messages

Changes in text messages regimen checked every 3-4 clinic visits

Messages delivery was monitored (received and undelivered) and participants could
optionally reply

Messages sent through a Web-based app

Text reminders sent 7, 3, and 1 day prior to each scheduled f/u clinic appointmentA. Visit adherence intervention

Improve adherence to scheduled
clinic visits (text messages)

Ting et al, 2011 (sys-
temic lupus erythemato-
sus) [48] Mean duration of the study 12 (SD 5) months

Content was individualized for each patient and included the scheduled appointment
time

If a patient didn’t schedule follow-up appointment within 2–3 weeks after completed
clinic visit, they would get a text reminder to do so

Standardized daily text reminders for hydroxychloroquine intake daily or twice dailyB. HCQ adherence intervention

Improve adherence to use of hydrox-
ychloroquine (text messages)

Mean duration of the study 12 (SD 5) months

Text reminders at set time of day, according to hydroxychloroquine schedule

Printed information sheet that was given to the standard of care group

Mobile Phone App Interventions
Mobile phone based interventions included native apps for
delivery of medication reminders [42]; a multifunction app that
includes integration of a wireless device for physiological
measurement and visualization (ie, glucometer); self-monitoring
alerts and prompts for gamification features to incentivize
engagement with the app, with a secure network for peer
communication [35]; and a multifunction app that includes daily
alert messages, creation and sharing of patient videos to directly
observe adherence to therapy with feedback/follow-up, positive
feedback/reinforcement messages, and incentives for adherence
[36]. Table 3 describes the approach and the components of
different mobile phone app interventions.

Study Outcomes
Of the 15 studies reviewed, 7 (47%) demonstrated statistically
significant differences in medication adherence or related health
outcomes [36,37,41,43-45,47]. The majority of the studies
included in this review provided enough information to calculate
standardized outcomes, such as SMDs. Most studies reported
overall moderate to large SMDs of subjective and objective
markers of adherence; however, most SMDs had wide 95%
confidence intervals (Table 4). Several studies combined data
related to the assessment of the efficacy or the
usability/feasibility of different interventions reporting high
levels of satisfaction and few technical or feasibility problems
[35-37,40,41,44-46]. Additional results of each individual study
are summarized in Multimedia Appendix 3 for text message
interventions, and Multimedia Appendix 4 for mobile phone
app interventions.
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Table 3. Description of mobile phone app interventions.

Intervention descriptionIntervention purposeAuthor/year (condi-
tion)

Medication reminders through mobile phone app for 4 weeksImprove adherence to antidepressant
medications among college students us-
ing mobile phone app reminders

Hammonds et al,
2015 (depression)
[42] Entered prescribed information for medication doses

Patients indicate when they had taken their medication by responding to reminders
received

App exposure for 12-week pilot studyImprove self-management among youth
(mobile phone app “ bant ”)

Cafazzo et al, 2012
(diabetes mellitus)
[35] Adapter that allows a OneTouch UltraMini glucometer to communicate via Bluetooth,

allowing the transfer of blood glucose reading wirelessly, to the iPhone device running
the mobile phone app, “ bant ”

Analysis tools assess the data soon after transfer to give adolescents real-time feedback

Data analysis and trending screens display the percentage of blood glucose levels
that are in range at specific times

Communication with peers in an app-secure community area as a support network

Rewards algorithm with point allocations

Improve adherence to hydroxyurea (m-
DOT, multidimensional strategy for 6
months)

Creary et al, 2014
(sickle cell disease)
[36]

Alert reminders: automated daily alerts to remind patients to take hydroxyurea; alert
sent at time preferred by patients; alerts stopped when a video is submitted; up to 4
text messages and email were sent daily

Videos: participants created daily videos of them taking hydroxyurea; videos submit-
ted electronically to the secure study website; captured by mobile phones or comput-
ers; included participants’ study ID; self-recorded videos for children 12 years or
older, younger patients had assistance from parents

Feedback: submitted videos were reviewed by research team within 72 hours of re-
ceipt; text and email feedback was sent to participants if they missed ≥2 video sub-
missions in a 30-day period; participants were called if they missed ≥3 video submis-
sions in a 30-day period; positive reinforcement (≥2 text messages or emails) was
provided if they participants had adherence of ≥90%

Incentives: if participants achieved ≥90% of adherence to hydroxyurea for each 30-
day period, they would receive $1/day

Discussion

Principal Findings
Medication nonadherence is a widespread problem in pediatric
CHCs, and among adolescents in particular. In this systematic
review, we identified 15 studies that met all our inclusion
criteria. Our results suggest that there is modest evidence to
support the efficacy of text messaging and mobile phone apps
as interventions to improve medication adherence in adolescents
with CHCs. Most of the included studies were of low to
moderate quality because of methodological limitations,
imprecision of results, or both. The included studies showed
evidence of the acceptability and feasibility of text messaging
and mobile phone app interventions, suggesting a potentially
promising area of intervention development and further

investigations in the near future to better understand their
efficacy and cost-effectiveness.

Our findings suggest moderate SMDs for most included
interventions, which is consistent with earlier reports of
adherence-enhancing interventions (ie, non-technology specific).
However, given the heterogeneity of the included studies, the
observed moderate effect size should be interpreted with caution
[18,23]. In contrast, Pai and McGrady reported small effect
sizes in a systematic review of adherence-promoting
interventions [20]. In our review, the quality of the included
studies was low to moderate, which was similar to a recent
review of findings for technology-mediated interventions for
treatment adherence across all age groups [19], and more
specifically for adolescents with chronic physical conditions
[28].
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Table 4. Effect size d for the main outcomes of included studies.

d (95% CI)aStudy adherence outcomesSource (intervention)

No data availableMedication event monitoring systemBoker et al, 2012 (text messaging) [34]

No data available7-day recall self-reportFabbrocini et al, 2014 (text messaging) [39]

0.35 (-0.64 to 1.4)Self-report of daily inhaled corticosteroidsOstojic et al, 2005 (text messaging and in-person
sessions) [47]

0.7 (-0.31 to 1.71)Self-report of daily beta2-agonist

0.31 (-0.21 to 0.83)Pill count of antidepressantsHammonds et al, 2015 (mobile phone app) [42]

0.11 (-0.69 to 0.91)Self-report using personal blood glucose metersCafazzo et al, 2012 (mobile phone app) [35]

0.45 (-0.36 to 1.26)Laboratory markers using glycosylated hemoglobin

0.38 (-0.14 to 0.89)Self-report using a visual analogue scaleFranklin et al, 2006 (text messaging) [40]

0.12 (-0.4 to 0.63)Laboratory marker using glycosylated hemoglobin

1.1 (0.11 to 2.1)bSelf-report of insulin administrationLouch et al, 2013 (text messaging) [43]

0.5 (-0.1 to 1.1)Laboratory markers using glycosylated hemoglobinMulvaney et al, 2012 (text messaging)

1.43 (0.75 to 2.11)bSelf-report using visual analogue scaleDowshen et al, 2012 (text messaging) [37]

0.86 (0.22 to 1.49)bSelf-report using AIDS Clinical Trials Group questionnaire

0.43 (-0.18 to 1.04)Laboratory marker using viral load

0.19 (-0.42 to 0.79)Laboratory marker using CD4 cell count

0.49 (0.11 to 0.89)bSelf-report using visual analogue scaleGarofalo et al, 2012 (text messaging) [41]

0.19 (-0.18 to 0.58)Laboratory markers using viral load

0.66 (0.22 to 1.1)bLaboratory testing participation rateMcKenzie et al, 2015 (text messaging) [44]

1.23 (0.62 to 1.85)bLaboratory markers using tacromilus – overallMiloh et al, 2009 (text messaging) [45]

1.02 (0.42 to 1.6)bLaboratory markers using tacromilus – one medication

1.39 (0.77 to 2.03)bLaboratory markers using tacromilus – two medications

2.11 (1.41 to 2.82)bLaboratory markers using tacromilus – three medications

1.04 (0.25 to 1.83)bMedication possession ratioCreary et al, 2014 (text messaging and m-DOT)
[36]

0.1 (-0.31 to 0.51)Laboratory markers using fetal hemoglobin

0.54 (-0.22 to 1.29)Laboratory markers using mean corpuscular volume

0.07 (-0.31 to 0.44)Medication possession ratioEstepp et al, 2014 (text messaging) [38]

0.1 (-0.31 to 0.51)Laboratory markers using fetal hemoglobin

0.18 (-0.24 to 0.59)Laboratory markers using mean corpuscular volume

No data availableSelf-report using medication adherence inventoryTing et al, 2011 (text messaging) [48]

No data availableMedication possession ratio

No data availableLaboratory marker for hydroxychloroquine

aPositive effect size value means improvement in a study outcome, while a negative one means worsening outcome.
bStatistically significant P<.05.

While text messaging and mobile phone app interventions offer
a straightforward approach to address adherence to medications
among adolescents, with broad application across CHCs, some
challenges exist. None of the included studies measured the
long-term durability of intervention effects across randomized
conditions; thus, there is a need to establish the exposure or
dosage needed to sustain long-term effects. In addition, the
characteristics of the included studies also suggest that there is
a need for improvement in intervention design; only four

included theoretical models or approaches to target specific
mechanisms of action to optimize efficacy [35,40,41,43].
McGrady and colleagues have recommended that articulation
of the underlying mechanism of action for adolescent-specific
adherence interventions is an advancement much needed to
bring developmental and behavioral specificity to this growing
area of research [50]. Furthermore, only two studies measured
potential moderators of the intervention effect [41,43].
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Several of the studies measured feasibility and acceptability
outcomes and found high levels of satisfaction and few
feasibility issues, which are promising for advancements in
these technologies and consistent with earlier reports [19,21,28].
The high level of satisfaction is noteworthy given the frequency
of messaging, which for most studies included at least daily
messages, reflecting a relatively high tolerance in this group
for intervention. The evidence of feasibility in these studies
suggests that adolescent-specific text messaging and mobile
phone based approaches may be an important and promising
area of future intervention development. Given methodological
limitations in the studies reviewed, larger studies with long-term
outcomes are warranted, particularly with sufficient power for
clinically important outcomes. Recent evidence supports the
efficacy of text message and mobile phone app interventions
to promote preventive behavior among adolescents [51].
Furthermore, in addition to efficacy data, cost-effectiveness is
another important aspect of intervention evaluation [9,22,52].
The cost to develop and maintain each intervention can be a
barrier to widespread use of these interventions. Cost also
impacts the variability in patients’ access to technologies.
Formal economic evaluation of different interventions will
inform health care authorities to decide whether adoption of
such interventions would be economically efficient [22,52]. In
a related systematic review, we found insufficient evidence
regarding the cost-effectiveness of text messaging and mobile
phone apps to promote adherence in adolescents with CHCs
[52]. Our findings highlight the need for further investigation
of cost-effectiveness to inform the scalability, sustainability,
and future cost savings of such approaches [52].

Strengths and Limitations
Our systematic review has a number of strengths. First, we
conducted our review following the recommendations for
rigorous systematic reviews methodology [32,49,53]. Second,
we used a highly sensitive search strategy guided by a librarian
information specialist and had no language restrictions in order
to minimize publication bias by identifying as many relevant
studies as possible. Additional resources were also searched
including published systematic reviews, clinical trial registries,
and different electronic databases. Third, although we limited
our search to studies published since 1995, there were no eligible
studies identified before 2005. Therefore, the possibility that
we have missed earlier studies is very small. Finally, 2 authors
completed the review process independently at all stages.

Our systematic review of the literature should be considered
within the context of some potential methodological limitations.
First, similar to any other systematic literature review, although
our search criteria were designed to be comprehensive, it is
possible that we missed relevant articles. Second, we included
only articles published in peer-reviewed journals, and
publication bias with the tendency to report positive study results
cannot be excluded [54]. Third, a number of studies reported
insufficient information, the definition of adherence varied, and
the study sample size and ages as well as methods of adherence
assessment used in the included studies were heterogeneous.
These limitations prohibited a meta-analysis from being
performed [55]. Finally, many of the included studies had
relatively small sample sizes.

Conclusions
The number of adolescents with CHCs continues to increase
and medication nonadherence is a clear challenge. The use of
text messaging and mobile phone app interventions to improve
medication adherence among adolescents with CHCs has shown
promising feasibility and acceptability; however, there is modest
evidence to support their efficacy. Further evaluation of short-
and long-term efficacy and cost-effectiveness of these
interventions is warranted. In addition, better understanding of
barriers to medication adherence would inform further
development of text message and/or mobile phone app
interventions to improve adherence and health outcomes in
adolescents with CHCs, such as sickle cell disease [56,57].
Adolescents are frequent users of text messaging and mobile
phone apps, and engaging adolescents with CHCs in their
self-management is critical for improving long-term outcomes.
Seeking adolescents’ perspectives could enhance uptake and
long-term engagement, while minimizing patient fatigue. The
currently available data from medication adherence studies
using text messaging and mobile phone app interventions are
heterogeneous, particularly in relation to process and outcomes
measures, which limit the evidence generated and conclusions
that can be drawn from those studies. Nevertheless, consistent
use of Web-based and mobile health interventions reporting
guidelines [58] would enhance comparative research across
studies [59]. The functionalities of different mobile technologies
continue to improve with gradually decreasing cost suggesting
potential economies of scale where interventions could be
delivered to large populations.
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Abstract

Background: The PulsePoint Respond app is a novel system that can be implemented in emergency dispatch centers to
crowdsource basic life support (BLS) for patients with cardiac arrest and facilitate bystander cardiopulmonary resuscitation (CPR)
and automated external defibrillator use while first responders are en route.

Objective: The aim of this study was to conduct a North American survey to evaluate the public perception of the above-mentioned
strategy, including acceptability and willingness to respond to alerts.

Methods: We designed a Web-based survey administered by IPSOS Reid, an established external polling vendor. Sampling
was designed to ensure broad representation using recent census statistics.

Results: A total of 2415 survey responses were analyzed (1106 from Canada and 1309 from the United States). It was found
that 98.37% (1088/1106) of Canadians and 96% (1259/1309) of Americans had no objections to PulsePoint being implemented
in their community; 84.27% (932/1106) of Canadians and 55.61% (728/1309) of Americans said they would download the app
to become a potential responder to cardiac arrest, respectively. Among Canadians, those who said they were likely to download
PulsePoint were also more likely to have ever had CPR training (OR 1.7, 95% CI 1.2-2.4; P=.002); however, this was not true
of American respondents (OR 1.0, 95% CI 0.79-1.3; P=.88). When asked to imagine themselves as a cardiac arrest victim, 95.39%
(1055/1106) of Canadians and 92.44% (1210/1309) of Americans had no objections to receiving crowdsourced help in a public
setting; 88.79% (982/1106) of Canadians and 84.87% (1111/1309) of Americans also had no objections to receiving help in a
private setting, respectively. The most common concern identified with respect to PulsePoint implementation was a responder’s
lack of ability, training, or access to proper equipment in a public setting.

Conclusions: The North American public finds the concept of crowdsourcing BLS for out-of-hospital cardiac arrest to be
acceptable. It demonstrates willingness to respond to PulsePoint CPR notifications and to accept help from others alerted by the
app if they themselves suffered a cardiac arrest.

(JMIR Mhealth Uhealth 2017;5(5):e63)   doi:10.2196/mhealth.6926
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Introduction

Background
Each year, more than 400,000 people have out-of-hospital
cardiac arrest (OHCA) in the United States and Canada. Early
cardiopulmonary resuscitation (CPR) and defibrillation are key
links in the chain of survival for OHCA. Studies in specific
high-risk community settings, such as casinos [1], airports [2],
and aboard aircraft [3], have reported increased survival with
the implementation of CPR and automated external defibrillator
(AED) training, along with an organized response to cardiac
arrest emergencies. Evidence from the “public access
defibrillation (PAD) trial,” which randomized 993 community
units, such as apartment complexes and community centers,
demonstrated that an organized lay-responder PAD program,
including CPR training, can double the chance of survival for
individuals who suffer OHCA [4]. Many historical approaches
to increasing bystander resuscitation are limited by the fact that
bystanders are chosen by circumstance, and not design. Many
OHCA victims have probably died without receiving the benefit
of bystander resuscitation, while trained, capable, and willing
rescuers were nearby, but just out of sight.

Crowdsourcing Basic Life Support for OHCA
Crowdsourcing has been defined as the process of “obtaining
needed services, ideas, or content by soliciting contributions
from a large group of people, and especially from the online
community, rather than from traditional employees or suppliers”
[5]. The PulsePoint Respond mobile device application (app)
is an example of a technology solution applying the concept of
crowdsourcing to the problem of OHCA. The PulsePoint
Respond mobile device app uses crowdsourcing to address the
problem of OHCA. In communities where PulsePoint has been
implemented, citizens can download PulsePoint Respond onto
their mobile device from the Apple App Store or Google Play
free of charge. Minimal contact information is collected on each
user to ensure privacy and confidentiality. A major component
of PulsePoint implementation involves a coordinated
communications and public outreach strategy, encouraging
CPR-trained individuals to download the PulsePoint Respond
app onto their mobile devices. Messaging, which specifically
targets individuals with CPR training (eg, paramedics,
emergency medical technicians, firefighters, other health care
providers, and CPR course graduates), is supported by resources
from the PulsePoint Foundation and is generally coordinated
by a communications professional within the hosting public
safety agency. By using the global positioning system, mapping
functionality of mobile devices, along with cardiac arrest
location data provided by local 911 emergency call centers, the
PulsePoint system can send directed cardiac arrest notifications
to PulsePoint Respond users in close proximity (default 400 m)
to the event. The notifications include the exact location of
suspected cardiac arrest emergencies and registered AEDs [6].

Study Objective
PulsePoint engages community volunteers outside of the
traditional professional emergency response as users. Although
the majority of PulsePoint volunteers are off-duty health care
providers [7], anyone in the community can download the app

and become a PulsePoint responder. When new users download
the app, they are asked to declare that they are CPR trained and
willing to respond in an emergency. Designed as a true
crowdsourcing solution to remove barriers to registration and
encourage large numbers of “good samaritans” to participate,
this self-declaration is not vetted. This design is consistent with
the general understanding that any attempt as resuscitation
during cardiac arrest, whatever the quality, is better than no
attempt at all. The traditional response to 911 calls for
emergency medical conditions has been limited to professional
emergency personnel with validated CPR training. PulsePoint
represents a departure from the status quo and has raised
concerns about privacy and public safety among public safety
agencies approached to consider implementation.

These are potential barriers to implementation of crowdsourcing
solutions for OHCA. It is not clear whether the public perception
of crowdsourcing for emergency response to cardiac arrest,
specifically around privacy and safety issues, is consistent with
the privacy and liability concerns that may be harbored by
decision makers in public safety agencies. This valuable
information could guide future research and implementation
efforts. Accordingly, our study objective was to evaluate the
public perceptions of the PulsePoint mobile app in the North
American setting. More specifically, the aim of this research
was to determine the level of public acceptance of
crowdsourcing basic life support (BLS) for cardiac arrest and
identify specific concerns with this strategy.

Methods

A Web-based public opinion survey was conducted within
Canada and the United States in collaboration with an
established polling vendor, IPSOS Reid. This study was
approved by the Queen’s University Health Sciences Research
Ethics Board.

Setting
This study used the IPSOS eNation Canadian and US Online
Omnibus survey platforms [8]. Data were collected through
stratified random sampling of the more than 800,000-member
Web-based panel and the Ampario sample source. The IPSOS
Web-based panel is recruited and maintained using double and
triple opt-in screening processes to ensure maximum return
from an engaged and representative audience. The panel is
updated regularly and non-responders are removed.

Study Sample
The study sample was designed to be nationally representative
of the adult Canadian and American populations. Data were
weighted on gender, age, region, and income, based on census
information, to ensure that the sample’s composition reflected
that of the reference population. The Canadian sampling process
included an additional sampling of French-speaking respondents
in Canada to provide a base for analysis within that group. The
US sampling process included an additional sample of
Spanish-speaking respondents to provide a base for analysis
within that group. The margin of error associated with this
technique on a sample size of 1000 adults is <±3.1% relative
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to the result that would be attained after polling the entire
population, 19 times out of 20 [9].

Study Questionnaire
We presented the respondents with a short concept description
of cardiac arrest and the PulsePoint app, followed by six
closed-ended and four open-ended questions (Multimedia
Appendix 1). Survey questions were developed by the research
team and experts from IPSOS-Reid and pilot tested with a group
of six lay public members affiliated with our research program.
Our primary outcome was comfort level with the idea of having
a PulsePoint-notified responder attend the respondent, imagining
the scenario that they had suffered a sudden cardiac arrest. We
specifically asked them about their comfort level when
considering the situation of cardiac arrest in a public location
versus a private (residential) location.

Data Analysis
Survey responses from the United States and Canada were
treated independently because the samples were individually
weighted according to US or Canadian census data. Analysis
of the survey responses was carried out using descriptive
statistics and comparison of groups based on responses to
primary questions using chi-squared testing. We considered a
P value of less than .05 to be statistically significant. We also
conducted weighted-logistic regression analysis to assess the
relationship between demographic factors (ie, the predictor
variables) and two outcome variables (STATA version 13,
STATA Corp). The weights used in our regression analysis
were the same weights used to design the study sample, as
described earlier. The outcome variables were the respondent’s
comfort level to crowdsourced BLS for an OHCA in a public
location or a private location (see Questions 4 and 6 in
Multimedia Appendix 1). Responses to the outcome variables,

which were reported on a Likert scale, were dichotomized with
specified cut-points set a priori. This was done to simplify the
interpretation of the weighted-logistic regression analysis.
Individuals who responded to the comfort-level questions with
“very comfortable,” “somewhat comfortable,” or “neither
comfortable nor uncomfortable” were coded as having “no
objections.” Individuals who responded with “somewhat
uncomfortable” and “very uncomfortable” were coded as feeling
“uncomfortable” (Figure 1).

A planned sensitivity analysis was conducted by using a
different cut-point in the dichotomization of the outcome
variables. Individuals who responded to the comfort-level
questions with “very comfortable” and “somewhat comfortable”
were coded as feeling “comfortable,” while individuals who
responded with “neither comfortable nor uncomfortable,”
“somewhat uncomfortable,” and “very uncomfortable” were
coded as feeling “less than comfortable” (Figure 1). The
sensitivity analysis was conducted to test the stability of our
primary regression models. We wanted to make sure that
dichotomizing at a given cut-point, versus another cut-point,
would not significantly influence the interpretation of our
analysis. We built separate univariable and multivariable
weighted logistic regression models for each outcome (comfort
in private settings, comfort in public settings) in each national
cohort (United States and Canada). Multivariable regression
models included the following predictor variables: sex,
education, household income, employment status, whether or
not the respondent had children, age group, spoken language
(Canadian data only), marital status (US data only), and race
(US data only). We did not apply the finite population correction
because our sample size was significantly smaller than the
inference population. Open-ended, text-based responses
regarding concerns were coded and summarized using standard
content analysis [10].
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Figure 1. Dichotomization of comfort level measures as reported by survey respondents for logistic regression analysis and sensitivity analysis.

Results

Data were collected between May 29 and June 3, 2015. A total
sample of 2415 total surveys was collected: 1106 from Canada
and 1309 from the United States. We did not calculate the
response rate as the nature of the panel survey approach renders
this statistic inapplicable. The demographic characteristics of
the respondents are outlined in Table 1. A summary of the
survey responses is presented in Table 2. At some point, 70%
(769/1106) of Canadians and 63% (828/1309) of Americans
had been trained in CPR. However, about one-third obtained
their certification more than five years ago (United States:
441/1309, 34%; Canada: 356/1106, 32%). Among Canadians,
those who said that they were likely to download PulsePoint

were also more likely to have ever had CPR training (OR 1.7,
95% CI 1.2-2.4; P=.002). This suggested that knowledge of
CPR might influence the likelihood of registering as a PulsePoint
user. However, this relationship did not hold true among
Americans (OR 1.0, 95% CI 0.79-1.3; P=.88).

Most Canadians (1088/1106, 98%) and Americans (1259/1309,
96%) had no objections to PulsePoint implementation in their
community. Furthermore, most had no objections to receiving
CPR if they were victim of cardiac arrest in a public location
(Canada: 1055/1106, 95%; United States: 1210/1309, 92%) or
private location (Canada: 982/1106, 89%; United States:
1111/1309, 85%).
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Among Americans and Canadians, after adjusting for covariates,
multivariable regression analyses found that demographic factors
were not associated with comfort-level measures in the public
setting scenario (Multimedia Appendices 2 and 3). Sensitivity
analysis, with different cut-off points for the dichotomous
outcome variables used in each model, revealed similar results.
The multivariable regression analysis assessing comfort level
to crowdsourced BLS in a private setting found that, compared
with females, males had higher odds of having no objections
to crowdsourced BLS (United States: OR 1.7, 95% CI 1.2-2.4;
P=.004; Canada: OR 2.3, 95% CI 1.3-3.9) (Multimedia
Appendices 2 and 3). Among Americans, compared with single
individuals, married or co-habitating individuals had 1.7 times
(95% CI 1.1-2.8; P.03) the odds of having no objections to
crowdsourced BLS in a private setting scenario (Multimedia
Appendix 2). Among Canadians, in comparison to individuals
with household income <$50,000, those with income between
$50,000 and $99,999 had half the odds of having no objections
to crowdsourced BLS in a private setting scenario (OR 0.51,
95% CI 0.28-0.92, P=.02; Multimedia Appendix 3). However,
this finding was not robust to the outcome cut-off selection; the
odds ratio for this covariate was not statistically significant in
the sensitivity analysis.

When asked, less than 60% (1421/2415) of the respondents
identified any concerns with the PulsePoint mobile device app
as described. The results are summarized in Figure 2. The most
common concerns raised by the respondents were lack of

training among PulsePoint responders and trust issues (Canada:
174/1106, 16%; United States: 241/1309, 18%). This was largely
driven by concerns that PulsePoint responders might not have
sufficient ability or training to provide effective assistance
(Canada: 140/1106, 13%; United States: 190/1309, 15%). Some
expressed security concerns, including legal liabilities, especially
among Americans, and being stuck in a risky or dangerous
situation. When asked to consider cardiac arrest in a public
setting, concerns around lack of training and ability were the
most significant here as well (Canada: 235/1106, 21%; United
States: 350/1309, 27%). Security (Canada: 111/1106, 10%;
United States: 215/1309, 16%) and privacy (Canada: 28/1106,
2%; United States: 9/1309, 1%) issues were less significant
concerns. When asked to consider cardiac arrest in a private (ie,
residential) setting, lack of training and ability remained the
most significant concern (Canada: 165/1106, 15%; United
States: 244/1309, 19%). Security (Canada: 131/1106, 12%;
United States: 173/1309, 13%) and privacy issues (Canada:
129/1106, 12%; United States: 159/1309, 12%) were also
generally more significant concerns in this setting.

Among Canadians and Americans, 90% (995/1106) and 89%
(1158/1309) felt that it was important that responders have
up-to-date CPR certification, respectively. This is even more
pronounced among those who say they would download the
app (Canada: OR 5.2, 95% CI 3.0-9.1; P<.001; United States:
OR 4.3, 95% CI 2.8-6.6; P<.001).
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Table 1. Respondent demographics.

P valueUnited States
(N=1309),

n (%)

Canada (N=1106),

n (%)

Demographics

Gender

.05579 (44)540 (49)Male

730 (56)566 (51)Female

Age (in years)

.94381 (29)315 (28)18-34

484 (37)416 (38)35-54

443 (34)375 (34)55+

Primary language

-1153 (88)838 (76)English

156 (12)-cSpanisha

-268 (24)French

Education

<.00149 (4)71 (6)Less than high school

277 (21)210 (19)High school diploma

475 (36)466 (42)Post-secondary

509 (39)359 (32)University degree

Household income

<.001438 (33)304 (27)< $50,000

602 (46)335 (30)$50,000-99,000

179 (14)252 (23)$100,000-149,000

90 (7)72 (7)$150,000 +

Marital statusb

-314 (24)-Single

799 (61)-Married or cohabitating

61 (5)-Widowed

135 (10)-Divorced or separated

Children

.34347 (26)315 (28)Yes

962 (74)791 (72)No

Completed CPR training

.003828 (63)769 (70)Ever

<.001154 (12)128 (12)Within the last year

233 (18)286 (26)In the past 5 years

441 (34)356 (32)> 5 years ago

aData on the proportion of Spanish-speaking Canadians were not available for Canadian respondents.
bData on marital status were not available for Canadian respondents.
cHyphens indicate that the data were not collected.
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Table 2. Survey responses by question.

P valueUnited States,

n (%)

Canada,

n (%)

Question

To what extent do you agree or disagree that the PulsePoint Respond app is something that you would want to be made available
in your community?

N=1309N=1106

.0021005 (77)903 (82)Agree or strongly agree

254 (19)186 (17)Neither agree nor disagree

50 (4)18 (1)Disagree or strongly disagree

If the PulsePoint app was available in your community, how likely are you to download the app onto your mobile device?

N=1189N=932

.26728 (61)583 (62)Likely or very likely

214 (18)183 (20)Neither likely nor unlikely

247 (21)166 (18)Unlikely or very unlikely

If you suffered a cardiac arrest in a public setting (eg, walking down the street, in a park, at the mall, at work), how comfortable
would you be with nearby PulsePoint users being notified of your exact location and coming to help you until professional crews
arrived?

N=1309N=1106

.021002 (77)882 (80)Comfortable or very comfortable

207 (16)174 (16)Neither comfortable nor uncomfortable

99 (8)51 (5)Uncomfortable or very uncomfortable

If you suffered a cardiac arrest in a private setting (eg, your home or the home of a friend or relative), how comfortable would you
be with nearby PulsePoint users being notified of your exact location and coming to help you until professional crews arrived?

N=1309N=1106

.04892 (68)796 (72)Comfortable or very comfortable

219 (17)187 (17)Neither comfortable nor uncomfortable

198 (15)124 (11)Uncomfortable or very uncomfortable

How important is it to you that all PulsePoint users, who could potentially be notified of cardiac arrest locations, have a valid and
up-to-date CPR certification?

N=1309N=1106

.541158 (89)995 (90)Important or very important

124 (9)93 (8)Neither important nor unimportant

27 (2)18 (2)Unimportant or very unimportant
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Figure 2. Concerns about the implementation of the Pulsepoint™ application by category.

Discussion

Principal Findings
In a representative sample of the North American public, we
found that most are in favor of crowdsourcing BLS for cardiac
arrest in their community with the PulsePoint system. In
addition, we found that most have no objections with the concept
of receiving help from anonymous PulsePoint users in the setting
of a public location cardiac arrest emergency, occurring outside
of the hospital. When prompted, a minority of respondents raised
concerns regarding issues around training and capability of
PulsePoint responders, safety, and privacy. These results provide
important insight for future implementation of such systems.

Crowdsourcing is increasingly being used to address challenges
in health care research and delivery. Professional researchers
crowdsource cohorts from health social networks for conducting
traditional studies regularly so they can quickly and efficiently
get opinions and test potential interventions [11-14]. For
example, a new Web-based program, CrowdMed, aims to
leverage the “wisdom of the crowd” by giving patients an
opportunity to submit their cases of undiagnosed illnesses and
interact with case solvers to obtain diagnostic possibilities [14].
Scientists from the University of Southampton and The
University of Pennsylvania Perelman School of Medicine ran

a “My Heart Map Challenge” to create a map of automatic
external defibrillators (AEDs) in the city of Pittsburgh. The map
was populated by members of the general public identifying
and submitting photos and information about public AEDs [15].

Traditionally, 911 calls result in a response from vetted on-duty
professional responders. PulsePoint and other similar systems
represent a paradigm shift in the way in which we deploy help
for 911 callers reporting a possible cardiac arrest and provide
the ability to connect responders and victims in a timelier way
to address the issue of low bystander response rates. Recently,
Ringh et al found that rates of bystander-initiated CPR could
be significantly increased with the use of a similar mobile phone
positioning system. That system also located mobile phone users
and dispatched lay volunteers who were trained in CPR to a
patient nearby with OHCA [16]. Zijlstra et al and Pijls et al had
similar findings in their studies of SMS text message (short
message service, SMS) alert systems in Sweden and the
Netherlands, respectively [17,18]. However, there are challenges
with such systems, including low response rates,
misidentification of cardiac arrest victims, and technical
difficulties, such as excessive activation radii, and insufficient
user density in the community [18]. As such, these systems have
not received much scientific attention. During recent attempts
to implement the PulsePoint system in several Canadian
jurisdictions because of concerns over protecting privacy and
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uncertainty about public opinion or potential backlash [7]. Our
work demonstrates that public opinion strongly supports the
implementation of PulsePoint-type apps and that many members
of the public are willing to become responders, if given the
opportunity.

Technologies are not separate from the society in which they
are embedded, but are rather integral to the advancement of the
social environment [19]. Society’s increasing dependence on
technologies, however, comes with an increased need to closely
examine “society-technology” interactions. While on the one
hand, a new technology may bring about radical changes in
society, on the other hand, the fate of that technology rests with
the society in which it is being applied. Much research has been
conducted on risk and benefit perceptions and public attitudes,
as these are believed to be the major factors influencing public
acceptance of technologies [20-24]. In a review by Gupta et al
on the sociopsychological determinants of public acceptance
of technologies, perceived risk, perceived benefit, trust and
culpability, knowledge, individual differences, and attitude are
traditionally the most often reported or cited determinants [19].
This maps closely with the domains we included in our study.
The most common concern identified with respect to PulsePoint
implementation was a potential crowdsourced responders’ lack
of ability, training, knowledge, or having proper equipment in
a public setting. In the case of PulsePoint, our results would
indicate that the general public feels that the perceived benefit
outweighs any perceived risk. Further, while issues of trust and
privacy exist, in general, people would find it more than
acceptable to use and to receive help from other users.

Findings from this work have several implications for the design
of new crowdsourcing apps for cardiac arrest response or
improvement of existing apps of this nature. For example, to
address the concerns raised by respondents regarding the
knowledge of responders, designers may consider including a
training requirement to download the application. This could
be as informal as agreeing to watch a short 5-minute video
before download or as formal as uploading proof of professional
CPR training. Each may have an impact on the public’s
willingness to download and would need to be monitored. Apps
may also need to consider collecting further registration
information from responders in order to ensure the safety of

victims as well as to gather information on bystander response,
something that is currently very difficult to collect.

Limitations
As with any survey-based study, our research has limitations.
Our survey was conducted using a Web-based survey platform,
which may create a bias toward individuals with computer
literacy and access to the Internet. Due to the nature of the panel
survey approach, we were unable to calculate the traditional
response rate. Opinions may differ between responders and
nonresponders to the survey, so our results may have been
subject to selection bias. Finally, our weighted-logistic
regression analysis was limited by a small sample size (within
variables). This may limit the precision and power of our
measures of association. Thus, although an association may not
have been found in these analyses, a relationship between certain
demographic characteristic and comfort level to crowdsourced
BLS in a public or private setting may still exist due to type-two
error.

Conclusions
A key conclusion of the American Heart Association statement
on the use of mobile devices, social media, and crowdsourcing
as digital strategies to improve emergency cardiovascular care
is that there is a clear need for rigorous research to build the
scientific evidence base for their effectiveness and safety [25].
Our findings provide the first empirical scientific evidence that
the North American public supports the implementation of the
PulsePoint mobile device application to crowdsource BLS for
OHCA. The large majority of people are comfortable with the
concept of receiving BLS from nearby PulsePoint users when
given the hypothetical situations of suffering a cardiac arrest in
a public or private location. Concerns around PulsePoint
responders’abilities, level of training, and personal safety should
be considered when planning implementation in communities
as well as when designing future versions of the PulsePoint
system. The results of our analysis should be very useful for
decision-makers considering implementation of this strategy.
Our findings can also guide developers of crowdsourcing
solutions in addressing concerns related to trust and responder
training in order to optimize community uptake.
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Abstract

Background: Behavioral economics has stimulated renewed interest in financial health incentives worldwide. The Carrot
Rewards app was developed as part of a public-private partnership to reward Canadians with loyalty points (eg, movies and
groceries) for downloading the app, referring friends, and completing an average of 1 to 2 educational health quizzes per week
(“micro-learning”), with long-term objectives of increasing health knowledge and encouraging healthy behaviors.

Objective: The main objective of this study was to evaluate uptake of a loyalty points-based mHealth app during the exclusive
3-month launch period in British Columbia (BC), Canada. The secondary aims were to describe the health and sociodemographic
characteristics of users, as well as participation levels (eg, proportion of quizzes completed and friends referred).

Methods: The app was promoted via loyalty program email campaigns (1.64 million emails). Number of downloads and
registrations (users enter age, gender, and valid BC postal code to register) were collected. Additional sociodemographics were
inferred by linking postal codes with census data at the local health area (LHA) level. Health risk assessments were also deployed.
Participation levels were collected over 3 months and descriptive data were presented.

Results: In 3 months, 67,464 individuals downloaded the app; in its first week, Carrot Rewards was the most downloaded health
app in Canada. Among valid users (n=57,885; at least one quiz completed), the majority were female (62.96%; 36,446/57,885)
and aged 18 to 34 years (54.34%; 31,459/57,885). More than half of the users (52.40%; 30,332/57,885) resided in LHAs where
the median personal income was below the provincial average (Can $28,765). Furthermore, 64.42% (37,291/57,885) of users
lived in metropolitan (ie, urban) LHAs, compared with 56.17% of the general BC population. The most prevalent risk factors
were “not” meeting physical activity guidelines (72.70%; 31,765/43,692) and “not” getting the flu shot last year (67.69%;
30,286/44,739). Regarding participation, 60.05% (34,761/57,885) of users were classified as “very high” engagers (>75% quiz
completion rate).

Conclusions: Early results suggest that loyalty points may promote mHealth app uptake. The app was downloaded by younger
females especially, and BC residents from higher and lower income regions were equally represented. Loyalty points appear to
have driven participation throughout the inaugural 3-month period (ie, quiz completion).

(JMIR Mhealth Uhealth 2017;5(5):e70)   doi:10.2196/mhealth.7323
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Introduction

The cost of health care in Canada is rising at an unsustainable
rate [1]. Although health care costs are shared between federal,
provincial, and territorial governments in Canada, ultimately
provinces and territories are responsible for health care spending,
organization, delivery, and management of health care services
and incur a greater proportion of health care costs. About 40%
of provincial and territorial budgets are spent on health care
alone, and total health expenditure growth in 2015 was
forecasted to be 1.6% [2]—this, at a time when the number of
older Canadians at high-risk of developing chronic conditions
is on the rise (5 million Canadians aged 65 years+ in 2011 vs
10 million expected in 2036) [3]. Expensive chronic diseases,
however, are not just reserved for older adults, as approximately
half of Canadians aged 20 years and above live with at least
one chronic condition [4]. In the 2014 economic analysis, the
costliest modifiable risk factors in Canada were smoking,
physical inactivity, and obesity, accounting for Can $50 billion
in direct health care expenses [5]. Although improving an
individual’s risk factor profile is possible, health behavior
change can be extremely difficult. Persisting levels of smoking
(18%) [6], physical inactivity (80%) [7], and overweight or
obesity (54%) [8] in Canada provides case-in-point.
Acknowledging that health behaviors are influenced across
multiple domains and require multipronged and multisectoral
solutions, governments are looking for new, innovative, and
collaborative ways of promoting healthy lifestyles [9,10].

Behavioral economics, a branch of economics complimented
by insights from psychology, has stimulated renewed interest
in using financial incentives to motivate healthy behaviors on
a population scale [11-13]. Briefly, behavioral economics
recognizes that human decisions are biased in systematic ways
and that these “decision biases” can make it hard for people to
make self-beneficial choices [14,15]. For example, people often
succumb to the “present bias” when making health-related
decisions because they place disproportionate emphasis on the
present “costs” of health behaviors (ie, time out of a busy
schedule) and discount the future benefits (eg, quality of life).
According to behavioral economics, increasing the immediately
rewarding aspects of health behaviors (with a financial incentive,
for example) may offset the so-called “present bias,” increasing
the likelihood of action [14,15]. A growing evidence base seems
to support this theoretical rationale. For instance, several
systematic reviews and meta-analyses have shown that
incentives generally stimulate health behaviors [16-22]. Despite
some notable gaps in the literature (eg, long-term effects are
not clear), financial health incentives have grown in popularity.
The best examples of broad-based application come from
Germany and the United States where incentive-based public
health policies have been in place since 2004 and 2014,
respectively [11,23]. In the United States, the Patient Protection
and Affordable Care Act (2010) allows employers (as of the
year 2014) to reimburse their employees up to US $1500 per
year for engaging in healthy behaviors or reaching health targets
[23]. An often-cited limitation of these programs and policies,
however, is the notorious delay between (1) behavior or outcome
achievement and (2) reward [15,23,24]. Generally speaking,

this lag has been too long (and the incentives not large or
meaningful enough) to elicit the desired behavioral responses
or health outcomes [23,24].

The pervasive use of smartphones in Canada (in 2015, 73% of
Canadian adults owned a smartphone—a relative increase of
7% compared with 2014) [25], presents governments with an
opportunity to offer financial health incentives on a population
scale, with little delay between behavior and reward—leveraging
people’s predictable tendency to overvalue the benefits they
experience in the present. Moreover, smartphone capabilities
have evolved (eg, accelerometry, global positioning system
[GPS]), now allowing for the tracking of a range of objectively
measured health behaviors (eg, walking and flu clinic visits).
This may increase intervention effectiveness as rewards tied to
objectively measured behaviors tend to work better than rewards
contingent on self-reported ones [16]. Finally, there are several
program design features that can be manipulated to optimize
incentive effectiveness (eg, timing, type, magnitude, probability,
and schedule), and loyalty points (ie, points given by retailers
to promote customer loyalty) have emerged as a promising new
incentive “type” (loyalty points vs cash, vouchers or health
insurance premium reimbursements or discounts) [26-28]. Not
only are Canadians avid loyalty point collectors (90% members
of one or more loyalty programs) [29], but the perceived value
of their loyalty points may be inflated (in part, because it is not
clear how much a single point is actually worth), lowering the
reward magnitude needed to stimulate behaviors [16,30-32].
These intervention components may be particularly appealing
for governments looking to deploy incentives as efficiently as
possible.

The Carrot Rewards app is a new multisectoral mHealth
initiative that harnesses the pervasiveness of smartphones and
Canadians’ affinity to loyalty programs to reward healthy
behaviors. Developed as part of a public-private partnership
[33], one of the distinguishing features of the app is its ability
to immediately reward users with loyalty points. Specifically,
the app rewards Canadians with loyalty points (to go to the
movies or grocery store, for gas or travel) for downloading the
app, referring friends, and completing an average of 1 to 2 short
educational health quizzes each week (“micro-learning”), with
the ultimate goal of increasing health knowledge and promoting
healthy behaviors. The primary objective of this process
evaluation, the first step of a multi-stage evaluation, is to
determine the uptake (eg, downloads, completed registrations)
of the new app during its 3-month launch period in British
Columbia, Canada. The secondary study objectives are to
describe the sociodemographic and health behavior
characteristics of Carrot Rewards’users as well as participation
levels (eg, proportion of quizzes completed, number of friends
referred). A qualitative analysis of app store reviews is also
presented.
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Methods

App Overview

Background
Carrot Insights Inc is a private company that developed the
Carrot Rewards app in partnership with the Public Health
Agency of Canada. British Columbia was the company’s
founding provincial partner (the federal-provincial funding
arrangement is described elsewhere) [33]. Carrot Insights Inc
partnered with 4 major Canadian loyalty programs to offer a
variety of popular incentives (ie, points can be redeemed for
groceries, air travel, movies, or gas). The company also
partnered with 4 Canadian health charities to assist with the
development and approval of educational health quiz content
(ie, Heart & Stroke Foundation of Canada, Diabetes Canada,
YMCA Canada, and the British Columbia Healthy Living
Alliance). The marketing assets of 4 loyalty and 1 charity
partners were also leveraged such that in the initial weeks of
the app launching in British Columbia, partners sent 1.64 million
emails to their members (of which 800,167 could be “tracked,”
representing the email campaigns of 3 out of the 5 partners).

Registration
Carrot Rewards was made available on the iTunes and Google
Play app stores on March 3, 2016 in both English and French
(Canada’s official languages). Upon downloading the app, users
were asked to enter their age, gender, postal code, and loyalty
program card number to complete registration (the card of their
choice: for either the movies, gas, groceries, or travel loyalty
program). To successfully register, users must have entered a
valid BC postal code and be 13 years or older (age cut-off of
participating loyalty programs). After registration was completed
(and a reward worth about US $0.74 earned), a unique
promotional code was provided to each user. This code could
be shared with “friends;” if a “friend” downloaded the app using
the unique code, both parties received bonus points (again worth
US $0.74). British Columbians could download the app in one
of three ways: organically (ie, finding it in the app store on their
own), via partner email invitation, or by using the promotional
code “friend referral” mechanism.

Intervention
Once the app was downloaded and registration was completed,
users were “offered” an average of 1 to 2 educational health
quizzes per week, each containing 5 to 7 questions related to
healthy eating, physical activity and sedentary behavior,
smoking, low-risk drinking, mental health, and
immunization—public health priorities identified by the BC
Ministry of Health (see colorful and visually appealing
screenshots in Figure 1 and quiz “schedule” in Multimedia

Appendix 1). In addition, quizzes were developed to inform
and familiarize users about self-regulatory health skills or
“stepping stone” behaviors (ie, goal setting, tracking, action
planning, and barrier identification), skills that have promoted
health behaviors in the past [34]. After completing every
question in a health quiz and immediately earning incentives
(US $0.04 to US $1.48 depending on the length and timing of
quiz, ie, earlier quizzes were worth more to stimulate program
interest), users could view relevant health information on partner
websites. Each health quiz was designed to take approximately
1-3 min to complete. Notably, quizzes were “released” in
campaigns (each campaign included about 4 quizzes, so that
only users who completed the first quiz in a campaign received
subsequent quizzes). In addition to health quizzes, users could
earn more points for completing separate health risk assessments
(HRAs; Multimedia Appendix 2, which included items from
national health surveys (regarding physical activity, eating and
smoking habits, alcohol consumption, mental health and overall
well-being, as well as frequency of influenza immunization).
HRAs were made available in the first 4 weeks of the program
(ie, “Carrot Health Survey, 1” and “Carrot Health Survey, 2”).
For a full description of the Carrot Rewards intervention,
including incentive design features, see Multimedia Appendices
3 and 4. Notable intervention changes during the 3-month
evaluation period include gradual reductions in (1) quiz
frequency (from about 15 per month to 5 per month, depending
on the date a user downloaded the app) as well as (2) reward
magnitude (reduction to about 5% of original reward value).
Quiz frequency and reward magnitudes were set high initially
in an attempt to maximize interest and early participation; both
were reduced over time to ensure intervention spending did not
outpace the finite budget.

Theoretical Rationale
Whereas the Carrot Rewards app is grounded in behavioral
economics, broader theoretical considerations regarding how
rewards motivate human behaviors may further improve the
effectiveness of this approach. Self-determination theory (SDT)
is a global theory of motivation that focuses on the extent to
which behaviors are controlled by external agents (eg,
physicians) or contingencies (eg, rewards) [34]. Whereas
behavioral economics describes how rewards can be used to
exploit the “present bias” and be a catalyst for change, SDT
describes the conditions under which rewards may promote
quality, sustained change [34-36]. It was hypothesized that an
SDT-informed approach to knowledge building (eg, focus on
enjoyment and self-regulatory skills such as goal setting) may
help users “internalize” the reasons to engage in healthy
behaviors, and in doing so, increase the potential for longer-term
change (see Multimedia Appendix 5 for an overview of SDT
and its application).
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Figure 1. Carrot Rewards app health quiz screenshots (quiz title, question and answer page examples; ‘link out’ screen not shown).

Procedure
A flowchart is presented in Figure 2 outlining the flow of users
through the program: from download to registration to valid
user (ie, completed the initial quiz). “Incomplete” users did not
successfully complete registration. “Excluded” users are those
without valid age and gender data, or who had managed to create
more than one account. “Registered” users successfully
completed the registration. “Inactive” users did not complete
the initial health quiz and therefore did not receive subsequent
quizzes. Finally, “valid” users successfully completed the initial
health quiz and received subsequent quizzes. App usage data
was also collected during the inaugural 3-month period in British
Columbia. Research ethics board (REB) approval was not
required as the University Health Network REB did not consider
this project as research, as described in the Tri-Council Policy
Statement V.2, and therefore, did not fall under their purview.
The University Health Network REB retrospectively issued an
ethics waiver letter (#16-0129) on December 22, 2016.
Additionally, as part of the Carrot Rewards’ privacy policy
(agreed to by users upon registration), users were informed that
data collected in the app for reporting purposes would only be
done at the aggregate or deidentified level.

Data Collection

Sociodemographic and Health Behavior Characteristics
In addition to providing information on age and gender, other
sociodemographic information was inferred by linking user
postal codes with census data (ie, National Household Survey
and British Columbia Geographic Service Areas data) at the
local health area (LHA) level—there are 89 LHAs in British
Columbia. Specifically, median personal income, postsecondary
educational attainment, proportion of population identifying as
a visible minority, and population density data (metropolitan,
urban-rural, rural, and remote) based on LHA were matched to
individual users. Users could also complete the HRAs for points.
HRA items were modified from valid and reliable questionnaires
(eg, Canadian Community Health Survey; Canadian Health
Measures Survey) to fit the 15-word app limit (see Multimedia
Appendix 2 for HRA items and their source).

Participation
App usage data included: individual-level quiz completion data,
number of quiz “link outs” clicked, and number of successful
friend referrals. Users’ participation levels were classified in
the following way: low (<25% of quizzes completed), medium
(25- 49% completed), high (50- 74% completed), or very high
(>75% completed). Aggregate “app uninstall” data is also
reported.
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Figure 2. Flowchart of Carrot Rewards app users.

Statistical Analyses
Descriptive statistics for sociodemographic (self-reported and
inferred from postal code) and health behavior variables are
provided. Users with missing age and gender data were excluded
from this analysis (n=454). SPSS version 19.0 was used for all
statistical analyses.

Results

Uptake
Within the first 3 months, 67,464 individuals downloaded the
app (62.10% iTunes, Apple Inc Cupertino, CA; 37.90% Google
Play, Google Inc Mountain View, CA). In its first week, the
Carrot Rewards app was the most downloaded health app in
Canada, although only being made available to the population
of British Columbia, which makes up about 13% of the national
population [37]. During the launch week, 13.79% of the
“trackable” emails promoting the app were opened
(110,383/800,167) and 1.20% initiated a “click through” to one
of the two app stores (19,339/1,610,167; “click throughs” could
be tracked for most emails). The majority of downloads occurred

organically (46.00%; 31,033/67,464) or via friend referral
(31.80%; 21,454/67,464). Among those who downloaded the
app, 59,527 (88.23%) individuals successfully completed the
registration (ie, registered users). Among registered users,
57,885 (97.24%) were classified as “valid,” having completed
at least the initial heath quiz. The Carrot Rewards uninstall rate
(data available for Android devices only) was 17.00%
(4,518/26,576) during the 3-month study period.

Sociodemographic and Health Characteristics
Among valid users (n=57,885), the majority were female
(62.96%) and aged 18 to 34 years (54.34%; Table 1). More than
half of users (52.40%) resided in LHAs where the median
personal income was below the provincial average (Can
$28,765). Sixty-four percent of users lived in a metropolitan
area (LHAs with at least 190,001 residents), compared with
56.17% of the general BC population. The most prevalent
chronic disease risk factors were “not” meeting physical activity
guidelines (72.70% vs 78% of Canadians in general; Multimedia
Appendix 2) and not getting the influenza vaccine in the past
year (67.69% vs 69% of Canadians in general; Multimedia
Appendix 2). Nine percent of users reported smoking, compared
with 14% of all British Columbians (Multimedia Appendix 2).
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Table 1. Sociodemographics of Carrot Rewards users and British Columbians in general.

British ColumbiaCarrot RewardsSociodemographics

n (%)n (%)

N=4,683,139aN=57,885Gender

2,358,862 (50.37)36,446 (62.96)Female

2,324,277 (49.63)20,179 (34.86)Male

Not applicable1,044 (1.80)Prefer not to answer

Not applicable216 (0.37)Other

N=4,683,139aN=57,885Age (years)

249,064 (6.08)1,391 (2.40)13-17

443,889 (10.84)11,954 (20.65)18-24

634,709 (15.50)19,505 (33.69)25-34

611,064 (14.92)11,642 (20.11)35-44

683,346 (16.69)7,625 (13.17)45-54

653,766 (15.96)4,182 (7.22)55-64

605,065 (14.77)1,502 (2.59)65-79

212,999 (5.20)84 (0.15)80-99

N=3,722,755bN=57,885Income

1,939,170 (52.09)30,332 (52.40)Users in LHAsf where the personal median income is below the BC average, n (%)

N=2,029,760cN=57,885Postsecondary education

926,550 (45.64)28,788 (49.73)Users in LHAs with fewer residents than average with a postsecondary education

N=1,180,845dN=57,885Visible minority

951,220 (80.55)49,854 (86.13)Users in LHAs with fewer residents than average identifying as a visible minority, n (%)

N=4,624,660eN=57,885Population density

Users living in LHAs categorized by population density, n (%)

67,257 (1.45)296 (0.51)Remote

496,865 (10.74)2272 (3.93)Rural

1,462,866 (31.63)18,026 (31.14)Urban or rural

2,597,672 (56.17)37,291 (64.42)Metropolitan

aValues based on British Columbia’s 2015 population estimates.
bValues based on British Columbia’s 2011 National Household Survey. BC personal median income is Can $28,765.
cValues based on British Columbia’s 2011 National Household Survey. The proportion of the BC population who reported a postsecondary education
is 56%.
dValues based on British Columbia’s 2011 National Household Survey. The proportion of the BC population who reported as a visible minority is 38%.
eValues based on 2012, 2016 British Columbia Geographic Service Areas data. Remote is classified as a population of 0-10,000 people; rural as
10,001-40,000 people; urban or rural as 40,001-190,000 people, and metro as 190,001+.
fLHAs: local health areas.

When asked “What is (are) your biggest health priority(s) in
the next 6 months?” in a week 8 quiz, the most commonly cited
priorities were: increase physical activity (71.00%;
26,239/36,956), improve eating habits (67.97%; 25,119/36,956),
and manage stress levels (41.50%; 15,340/36,956). Finally,
when users were asked whether they had learned anything in
the first 8 weeks of the program, 93.99% (35,008/37,243) replied
“yes.”

Participation
In the first 3 months, 15 health quizzes and both HRAs were
sent to users. A total of 879,616 quizzes or HRAs were sent and
690,111 were completed (78.45%; Multimedia Appendix 1).
Regarding quiz completion rate, 60.17% (34,834) of valid users
were classified as very high engagers (>75% quiz completion
rate), 13.75% (7,954) as high (51-75%), 7.01% (4,057) as
medium (26-50%), and 18.45% (10,675) as low (<25%)
(N=57,885). Forty-three percent of users (24,870/57,885)
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completed all 15 quizzes. Regarding attrition, an examination
of quiz completion rates for the first quizzes of campaigns 2
(64.53% at week 5; 37,243/57,708) and 3 (62.53% at week 10;
35,855/57,338) suggest participation levels persisted, at least
in the short-term. Upon quiz completion, users could learn more
about each topic by viewing additional Web-based health
resources. Users “clicked out” for more information about 4%
of the time (26,574 “clicks;” Multimedia Appendix 6). On
average, users sent 3.5 email referrals. The acceptance rate for
email referrals was 20.35% (17,540/86,194). Twenty-seven
percent (9694/36,445) and 6.08% (2216/36,445) of users
successfully referred at least one friend, via email and
promotional code, respectively.

Qualitative Analysis
A conventional content analysis [38] of iTunes and Google Play
app store reviews was conducted to examine written reviews.
All reviews posted from March 3 to June 6 were compiled and
categorized by one researcher as either a positive or negative
comment, or both (some reviews had both “positive” and
“negative” comments). Both iTunes (n=66; 38.8%) and Google
Play (n=104; 61.2%) store reviews were examined. Among
“positive” comments (n=119), users highly enjoyed receiving
loyalty points for participating in the program (31.9%), users
liked learning new health information (11.7%), and users
described the app as simple and easy to use (6.7%). The majority
of “negative” comments (n=141) were regarding problems
loading the app (eg, frozen screens, issues with entering contact
information; 15.6%), the reduction in loyalty points over time
(11.34%; necessary due to budgetary constraints), and referring
friends to the app (9.9%; users required to remember and
manually enter friend email addresses). At the 3-month mark
(end of the study period), the average app store rating was 2.9
stars for the iTunes store and 3.8 stars for the Google Play store,
based on 5-point scale rating systems.

Discussion

Principal Findings
Despite much promise, the public health potential of financial
health incentives has not yet been realized [20,24]. In particular,
incentive programs have been limited in their ability to scale
and accommodate entire populations (not just for employees
with extended health insurance, for example). Pervasive
smartphone use and efficient loyalty points-based incentives
allow for broader implementation that is not prohibitively costly.
This study represents the first in a planned series with a focus
on immediate objectives. Intermediate (eg, health knowledge
improvements, short-term improvement in physical activity)
and longer term (eg, sustained increase in physical activity,
social return of investment) objectives will be evaluated at a
later date. The main finding in this study was that an mHealth
app that rewards users with loyalty points for downloading (and
engaging with) the app was readily downloaded. Uptake was
high despite only being available in one province. It is believed
that the combination of a comprehensive email campaign, the
promise of loyalty points that BC residents already use, and the
idea of being rewarded to get or stay healthy, drove interest and
uptake. Because there was no control group, the isolated effects

of the incentives cannot be established. The early results from
this program seem to be enhanced by the use of loyalty points,
but not without recognizing the effect of other intervention
characteristics (such as the private-public partnership, massive
marketing effort, visually appealing design, and so on).

The Carrot Rewards app was the most downloaded health app
in Canada during its launch week, despite it being available
only in one province. Whereas 46% of downloads occurred
“organically,” the 2-way referral bonus (if user successfully
refers friend and friend downloads app, both get bonus points)
increased the number of users, representing 32% of all
downloads. Importantly, 88% of users who downloaded the app
successfully registered (eg, entered their loyalty card number),
suggesting the onboarding procedure was not onerous. The quiz
completion rate (78%) was also higher than expected, with 43%
of users completing all 15 of the available “quizzes.” In contrast,
a similar mHealth app that used loyalty points to increase
downloads but not participation found that 85% of its users
were categorized as “very low” or “low” engagers in the first
month (ie, fewer than 15 completed “challenges”—though the
daily “ask” from the user in this case was heavier with quizzes
available every day for 30 days) [27]. Likewise, an eHealth
platform promoted using loyalty points (for completing an HRA
and enrolling) determined that less than 2% of the approximately
42,000 enrollees were using the tool 6 weeks later [26]. These
results are not surprising since attrition is a hallmark of eHealth
and mHealth interventions [31]; however, the results presented
here suggest that modest incentives in the form of loyalty points
may help drive engagement (at least over the course of 3
months). In addition, the number of “clicks” to Carrot Rewards
partner websites (n=26,574) highlight the potential role of
driving traffic to partner resources.

Whereas the app only required users to report age and gender
to minimize friction during registration, supplementary
sociodemographic information inferred from postal codes
suggests that the current sample is broadly representative of
British Columbians in general. Specifically, Carrot Rewards’
captured users in both lower and higher income areas as well
as in metropolitan and more rural areas across the province.
These finding are consistent with the literature suggesting that
lower income adults are especially sensitive to incentive
interventions and likely to respond by signing-up for health
interventions they may not have otherwise [39-41]. The Carrot
Rewards’user base—in the first 3 months—was predominantly
female and between the ages of 18 and 34 years. The
incentive-based eHealth and mHealth interventions mentioned
earlier report similar demographic profiles, with women
especially being more likely to adopt and engage with these
interventions (68% and 74% female, respectively) [26,27]. To
attract more men and older adults to the platform, several
approaches have been recommended, including conducting
interviews and focus groups to learn more about intervention
components that might appeal to these harder to reach groups
(eg, recruitment techniques, loyalty program offerings, and
behaviors targeted) [42]. Varying recruitment methods
(essentially broadening the “entry points” beyond just email
marketing and friend referral) to involve the health care system
and specifically leaders within the system (eg, physicians) in

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 5 |e70 | p.235http://mhealth.jmir.org/2017/5/e70/
(page number not for citation purposes)

Mitchell et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

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


the recruitment process (for instance, as a chronic disease
self-management tool), may be one way of broadening appeal
to under-represented, higher-risk subpopulations.

There are several practical implications of this study. First,
though some argue that target groups may disagree with the
incentive approach, citing that governments, for example, should
not be paying their citizens to engage in healthy behaviors (ie,
opportunity cost, paternalism—“nanny state” concerns) [43,44],
little evidence of this was uncovered in the quantitative or
qualitative aspects of this study. Additionally, the app store
ratings at the end of the evaluation period were lower than
expected (initial and current ratings are higher—eg, 4+ stars),
suggesting that the drop in health quiz frequency and reward
magnitude, as well as early technical issues (eg, frozen screens),
may have antagonized users. In the future, quiz frequencies and
reward magnitudes should be set at levels that can be titrated
up (if budgets allow, for example) rather than down (or
intermittent reenforcement should be used). It is worth noting
that Apple and Google Play store ratings differed (2.9 vs 3.8
out of 5, respectively), possibly because app refinements (eg,
bug fixes) occurred at different rates for the iOS and Android
versions of the app. Next, the app was successfully launched in
large part because of the public-private partnerships that initiated
its development. In particular, leveraging the marketing and
health content assets of private and government or charity sector
partners, respectively, while offering a new way for these
partners to communicate with the general population, created
a win-win situation for the parties involved. Lessons learned in
the multiple-stakeholder development and delivery of the app
will be applied as the app prepares to launch in other Canadian
provinces or territories and in other sectors (eg, financial
literacy). Whereas the preliminary results show that the use of
financial incentives encourages engagement with a healthy
behavior app supported via a public-private partnership, it does
not provide evidence to support the notion that governments
should necessarily sponsor such programs. Another practical
implication of this work may be in demonstrating that
smartphones can be used as vehicles for “immediate”
health-related feedback and rewards on a population-scale and
that loyalty points in particular may be a useful incentive “form,”
given that (1) users are already familiar with the loyalty
programs (not a new “currency”), (2) users tend to overvalue
these points (when compared with actual dollars) [16,30-32],
and (3) users collect points in a variety of ways (not just by
using the app), and so are happy for the app to contribute to
their growing rewards “pool.” Others looking to maximize the
efficiency of their health incentive interventions may be able
to apply some of the lessons learned here. The main theoretical
contribution of this study may be that incentives need not be
prohibitively large or costly to stimulate behaviors on a
population-scale; this intervention aspect might actually protect
against the often-cited risk of incentive intervention, which is
that they undermine intrinsic motives, particularly when
targeting health behaviors, rather than just “stepping stone”
ones (eg, education) [34-36]. In this case, incentives were
deployed not to provide a controlling function (eg, if incentives
are very large) but rather an informative one (eg, feedback in
the form of modest rewards and health information with every

interaction), and may serve to support rather than “crowd out”
motivation.

Limitations
This study is not without limitations. This analysis includes data
from British Columbia only, and thus may not be generalizable
to other regions that may join in the future. Also, data for this
study was extracted before potentially fraudulent user accounts
were deactivated. Regarding promotional code use (for referring
friends), it was impossible to track number of times the unique
codes were shared, as they could be shared on any number of
social media sites (or other ways); only number of times
promotional codes were “redeemed” were reported. App
“uninstall” data was available for Android device users only,
which represented only a 38% share of all devices used to
download the app. Whereas the sociodemographic data inferred
from users’ postal codes is valuable to characterize the user
base, strong conclusions cannot be drawn regarding these
important sociodemographics. Furthermore, whereas HRA items
were adapted from national surveys, their psychometric
properties were not tested before implementation; there is
evidence of concurrent validity though, with physical activity,
flu shot, smoking, and mental health responses aligning with
provincial and/or national statistics. The fruit and vegetable
items in particular may have been subject to “anchor bias” where
users tend to avoid extreme responses (eg, consuming 0 or 5
green veggies yesterday). In the current context, this may have
led to overreporting of the number of times fruits and vegetables
were consumed yesterday. The overall quiz completion rate
(78%) may also have been inflated as users must have completed
the first quiz in a “campaign” (a “campaign” is usually 4 quizzes
long) in order to receive subsequent quizzes; so, completion
rates for quizzes 2-4 in a campaign for example may be inflated
since nonadherers do not receive them. Regarding “clicks” to
partner websites, whereas 4% of the time users clicked for more
information, it is not clear how much time users spent on these
sites. Further examination of session times on partner sites is
likely required. Whereas the qualitative analysis followed Hsieh
and Shannon’s (2005) published framework, it was only
conducted by 1 researcher which may limit objectivity of the
findings. At most, the result of this qualitative analysis is
concept development. Further work is required to increase
confidence that conclusions accurately portray the data (eg,
employing qualitative data analysis software, peer debriefing).
Whereas this study did not examine the impact of quiz frequency
and reward magnitude reductions on participation levels over
time, future research should explore this issue as well.

Future Directions
In the future, longitudinal analyses will be conducted to examine
the impact of the intervention on changes in self-reported health
behaviors as well as health knowledge (baseline vs follow-up).
Studies exploring healthy living resource awareness (eg,
helpline, Web-resources), self-regulatory skill practices (eg,
goal setting, tracking), and objectively measured behaviors (eg,
personalized walking goals, getting the flu shot) are planned as
well since these are more proximal to the behavioral, health
and/or health care system outcomes of interest. A more
comprehensive understanding of the contextual factors (eg,
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demographics) and program features (eg, reward size,
probability), as it relates to incentive program effectiveness,
would be useful in informing program design in the future. In
addition, qualitative work to ascertain intervention components
that would appeal to harder to reach subgroups are needed, as
are an exploration of new approaches to recruiting users. This
study provides further evidence that incentives may be used to
stimulate health-related behaviors, though more work is required
to elucidate the conditions under which incentives can be used
to drive “longer-term” changes. Longer-term cohort studies and
other research designs are needed that can attribute behavioral,
health, and health economic outcomes to incentive-based
mHealth interventions within complex systems of health care.

Conclusions
The Carrot Rewards app has started to address the problem of
scaling up incentive programs while maintaining fidelity to

behavioral economics (“present bias;” little delay between
behavior and reward for maximum effectiveness). Early results
suggest that loyalty points may be used to promote the uptake
of an mHealth app in a sample that broadly reflects the
sociodemographic and health behavior profiles of British
Columbians. A major challenge in mHealth is to develop
innovative personalized interventions that can help individuals
“maintain” healthy lifestyles and this should be the focus of
future work. Their effects on behavioral outcomes (eg, steps
per day, flu shot) should be explored, given recent advances in
smartphone capabilities. Smartphones in general offer the
potential to gather large amounts of data that can be used to
better inform interventions. Moving forward, rich datasets
should be used to drive the sustained changes needed to produce
clinically and economically significant health outcomes.
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Multimedia Appendix 5
Application of self-determination theory in the development of the Carrot Rewards app.
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Multimedia Appendix 6
Carrot Rewards app end-of-quiz partner website “link out” or “click.”.
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SDT: self-determination theory
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Abstract

Background: Mobile phone apps for monitoring and promoting physical activity (PA) are extremely popular among adults.
Devices, such as heart rate monitors or sports watches (HRMs/SWs) that work with these apps are at sufficiently low costs to be
available through the commercial markets. Studies have reported an increase in PA levels among adults with devices; however,
it is unknown whether the phenomena are similar during early adolescence. At a time when adolescents start to develop their
own sense of independence and build friendship, the ease of smartphone availability in developed countries needs to be investigated
in important health promoting behaviors such as PA.

Objective: The objective of this study was to investigate the ownership and usage of PA trackers (apps and HRM/SW) among
adolescents in a national representative sample and to examine the association between use of devices and PA levels.

Methods: The Finnish school-aged physical activity (SPA) study consisted of 4575 adolescents, aged 11-, 13-, and 15-years,
who took part in a web-based questionnaire during school time about PA behaviors between April and May 2016. Binary logistic
regression analyses were used to test the associations between moderate to vigorous physical activity (MVPA) and devices, after
controlling for gender, age, disability, and family affluence.

Results: PA tracking devices have been categorized into two types, which are accessible to adolescents: (1) apps and (2)
HRM/SW. Half the adolescents (2351/4467; 52.63%) own apps for monitoring PA, yet 16.12% (720/4467) report using apps.
Fewer adolescents (782/4413; 17.72%) own HRM/SW and 9.25% (408/4413) use HRM/SW. In this study, users of HRM/SW
were 2.09 times (95% CI 1.64-2.67), whereas users of apps were 1.4 times (95% CI 1.15-1.74) more likely to meet PA
recommendations of daily MVPA for at least 60 min compared with adolescents without HRM/SW or without apps.

Conclusions: To our knowledge, this is the first study that describes the situation in Finland with adolescents using PA trackers
and its association with PA levels. Implications of the use of apps and HRM/SW by adolescents are discussed.

(JMIR Mhealth Uhealth 2017;5(5):e61)   doi:10.2196/mhealth.6940
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Introduction

According to national statistics in Finland, by the age of 16
years, all Finnish adolescents have used the Internet in the past
3 months, 89% use the Internet several times a day, and 96%
access the Internet via a mobile phone [1]. Less is known about

younger adolescents aged between 11 and 15 years. These
younger adolescents fall into the category of “digital natives.”
It represents a generation that has lived in an age where the
Internet has always been around [2]. Yet, there is an expectation
that adolescents use technology in everyday life while at their
homes, schools, and during leisure time, it is surprising how
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little there is research in the area of digital devices and apps for
physical activity (PA).

Adolescence is an important period in a person’s life. In addition
to the biological changes to the structure of the body, in
developed countries, many young adolescents start to reduce
their reliance on their family and start to become independent
and engage in social activities [3]. It is also a time of life where
PA behaviors start to decline, or if sustained, seem to continue
into adulthood [4]. Therefore, much attention has been directed
to public health officials to act and provide appropriate contexts
to reduce the drop off in PA levels [5,6].

The World Health Organization has provided a set of PA
recommendations for people to meet, in order to benefit their
health. These recommendations include taking part in at least
60 min of moderate to vigorous physical activities every day
for children aged between 5 and 17 years [7]. In Finland, the
levels of PA have been moderate (boys: 29.7%; girls: 17.7%)
when compared with other European countries (boys: 23.4%;
girls: 13.9%) [8]. For example, the proportion of 11-year old
Finnish adolescents who meet the international PA
recommendations [7] is the highest in Europe and North
America [9]. However, the overall grade for various PA
determinants in the Global matrix was a C, which is comparable
with the European average [6]. Differences have been reported
by gender, whereby more boys (23.4%) meet the PA
recommendations than girls (13.9%) [8]. There is also a decline
in PA levels as age increases from 49% in primary school to
18% in lower secondary school that meet the PA
recommendations [10]. In addition, despite Finnish adolescents
experience the least amount of inequality to other countries in
Europe [11], there is an association between higher financial
wealth status and more days of reported PA [12].

Commercial PA trackers are more popular than ever. The
multifunctional purposes that these trackers possess include
data about personal health and fitness management, which has
made them into one of the top desirable digital consumer
products [13]. Competition in the design and production is
intense, with regular consumer and scientifically led tests
between products [14]. Recent test results of commercial
products have demonstrated some level of acceptability as well
as room for improvement when reporting overall PA levels
[15-18]. These devices can come in the form of a wristwatch,
a mobile phone app as well as a noninvasive piece of equipment,
such as a strap that monitors the heart rate [19]. There is also a
much debate about the potential sensors have on personalized
health [20]. Self-quantification is a growing area as it has the
potential to inform individuals [21]. In addition, it has the
capability to share information publicly or anonymously among
peers. However, many of these studies neglect investigations
from adolescents. Of studies that have investigated social media
use by adolescents, many have been on risk behaviors [22],
whereas a few actually explore the use in a sporting context
[23].

Mobile phone apps are tools on the users’ smartphone, whereas
heart rate monitors or smart watches (HRMs/SWs) can operate
independently from the phone. There are different levels of
specifications from the hardware devices of HRM/SW. App

user experiences are often richer than hardware devices,
although there can be some overlap. For example, Polar
HRM/SW has the capability to be linked with a mobile phone
app, consequently the user has access to more data that the
HRM/SW itself.

The majority of studies that used apps as a technique to
positively change health behaviors were successful [24]. These
findings are useful in the development of behavioral theories
that connect personalized data with tracked behaviors, including
PA, onto the Internet. People with health conditions or functional
limitations, which are severe enough to cause a disability, have
also benefited from apps [25,26]. Moreover, the apps are a
popular tool used by adults in the mainstream population [27].
From this, there has been an assumption that PA trackers can
support PA behaviors [28]. However, what many studies have
done is to report the reliability of the devices [14,15,18], the
benefits from wearing devices [28], as well as devices failing
to have an effect on weight loss [29]. Intervention studies on
adolescents have been rare [30], although the use of devices
seems promising in its effect in reduction of screen-time, the
long-term impact of such results are still unknown [31]. Ridgers
and colleagues [30] found three interventions and two feasibility
studies up until August 2016. In one of the intervention studies,
Fitbit Ones were used a tool to promote PA to children with
leukemia. However, despite overall happiness to use the PA
tracker, there were no significant increases in step-count [32].
In comparison to studies with adults, the studies do not inform
us whether the low number of studies reported is because of
low usage among adolescents. To address this concern, the
purpose of this study was to investigate the prevalence of
adolescents who report on ownership and use PA measuring
devices. In addition, this study examines the strength of
association between ownership and use of devices and meeting
adolescents PA recommendations.

Methods

Recruitment
The Finnish school-aged physical activity (SPA) study is a
national representative cross-sectional study of many
determinants of PA among adolescents aged between 11 and
15 years. Participants were selected at random, based on a
stratified sampling method set by regional stratification in the
capital, southern, central, and northern Finland. The class was
the primary sampling unit through probability proportion size.
In total, 109 Finnish-speaking schools and 65 Swedish-speaking
schools participated. The response rates were 61% from the
Finnish speaking schools, and 58% from the Swedish speaking
schools [33]. Through proportional to size of school, the units
were selected and a reserve list created to be used if necessary.
The questionnaire was completed online in a computer class
for a maximum of 60 min with an instructed teacher who
presided over the data collection. The questionnaire was
completed anonymously, voluntarily, and the study has been
approved by the Institutional Ethical Review Board Committee.

Measures
Adolescents were asked to report their gender (boy or girl).
They were also asked to report their month and year of birth.
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The ages were then grouped into 11-, 13-, and 15-year old age
groups based on their age closest to an age group category at
the time of completing the survey.

PA Trackers
Ownership and usage of PA tracking devices were measured
through two items. Both items began with the following opening
question, “Do you have any of the following PA measuring
devices...,” and were followed by (1) app and (2) HRM/SW.
The response categories of these measures were “I do not have,”
“Yes, but do not use it actively,” and “Yes and use it actively.”
The wording used in the items were selected after extracting
marketing materials of leading commercial PA measuring device
companies in the Finnish language. The items were later
translated into English for reporting.

Physical Activity Levels
Overall PA was measured through a single-item self-reported
measure. As part of this measure, there was a pretext description
of moderate to vigorous physical activity (MVPA). In addition,
some example activities typical for adolescents to do were stated
so that they could understand what to include in their recalled
response [34]. Following this description, the respondents were
asked, “Over the past 7 days, on how many days were you
physically active for a total of at least 60 min per day?” Only
one response was allowed that ranged from 0 to 7 days. For the
study’s purposes, the mean number of days was used to examine
the differences in the average per group. In addition, a
dichotomous cutoff based on the international PA
recommendations [7] (7 days) versus not meeting the
recommendations (between 0 and 6 days) was used for
inferential statistics. The question has been widely used with
acceptable validity and reliability in adolescent surveys [35,36].
The question has a significant validation correlation coefficient
of .40 from adolescents in clinical settings [34] and is used
widely in national and international adolescent health studies
[37]. In Finland, the ICC values from a 2-week test-retest were
between .7 and .8 [35]. Although there is criticism on the use
of subjective reporting of PA, the use of self-reported PA in
surveillance studies has been considered an approved method
[38].

Disability
Data were disaggregated by disability through items used in the
WHO Model Disability Survey [39]. Individuals were asked to
report their severity of functional difficulties, including seeing,
speaking, hearing, moving, breathing, and remembering or
concentrating. These items were modified from the WHO Model
Disability Survey to disaggregate by disability with a 5-point
scale to indicate severity [40].

Severity was determined by functional difficulties that were of
1 (no difficulty), 2 (mild difficulty and did not affect
participation), 3 (moderate difficulty and affects participation),
4 (severe difficult and affects participation), and 5 (complete
difficulty and affects participation). To meet the criteria of
having a disability, adolescents had to have reported at least
one functional difficulty with severity of 3 or higher. In other
words, the individual felt the difficulty affected their
participation.

Family Affluence
The Family Affluence Scale (FAS) III is an international
measure of social economic status of adolescents [41]. It
comprises of six items related to family cars, holidays,
computers, rooms, bathrooms, and dishwasher at home. An
internationally established formula [41] was used to define three
groups of family affluence: low, middle, and high [42].

Statistical Analysis
Study characteristics, such as age, gender, disability, and FAS
were described through ownership and usage of mobile phone
apps or HRMs/SWs, and were tested by chi-square test of
independence (P<.05). Mean number of PA days were reported
by each participant characteristic. Binary logistic regression
analyst was conducted on the overall sample through
dichotomized groups of participants that reported 0-6 days of
MVPA and 7 days of MVPA. Adjusted odds ratios (OR) and
95% CIs were reported to indicate the likelihood of daily
MVPA. To report positive odds, girls, who were aged 15 years,
with low FAS and disability were reference groups.
Furthermore, adolescents who had no PA trackers were also the
reference groups. SPSS version 24.0 for Windows (SPSS Inc)
was used for the analyses.

Results

Descriptive Statistics
In this study, half (2434/4575; 53.20%) of the 4575 adolescents
(mean age 13.8 years, SD 1.64) were girls. Just over a quarter
(1262/4575; 27.58%) of adolescents reported daily MVPA.
Adolescents identified to have disabilities had indicated that
their difficulty severity level was between “moderate” to
“complete.” Whereas, responses of severity levels of “mild”
and “none” were grouped into adolescents without disabilities.
On the basis of this definition, one in six (672/4568; 14.71%)
adolescents reported to have disabilities. Family affluence was
more skewed toward middle (2445/4575; 53.44%) and high
(1650/4575; 36.07%) FAS, hence adolescents with low FAS
(480/4575; 10.49%) were in the minority (Table 1).
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Table 1. Sample characteristics of mean days of moderate to vigorous physical activity (MVPA) with 95% CI and proportion of meeting physical
activity (PA) recommendations.

% MVPAb95% CIMean (SDa)nCharacteristics

Gender

22.514.64-4.794.71 (1.82)2434Girls

33.354.96-5.125.05 (1.90)2141Boys

Age groups (in years)

40.155.41-5.325.41 (1.77)158411

25.724.81-4.994.90 (1.77)159413

15.464.12-4.334.22 (1.89)139715

Disability

23.214.28-4.594.44 (2.04)672With

28.294.88-5.004.94 (1.82)3896Without

Family affluence

25.634.46-4.824.64 (1.98)480Low

25.444.69-4.844.77 (1.90)2445Middle

31.334.99-5.165.07 (1.80)1650High

HRM/SWc

25.044.65-4.784.72 (1.90)3223No

28.774.94-5.185.06 (1.74)782Unused

44.125.54-5.865.70 (1.59)408Uses

Apps

25.094.57-4.734.65 (2.00)2116No

26.924.84-5.024.93 (1.78)1631Unused

35.705.24-5.495.37 (1.67)720Uses

aSD: standard deviation.
b%MVPA: percentage that meet international physical activity recommendations for adolescents.
cHRM/SW: heart rate monitor or sport watch.

Of the adolescents who report ownership but not active use of
apps, only (104/1579) 6.59% reported to use HRM/SW. Under
one-third of app users (207/694; 29.8%) reported to use
HRM/SW. Just over half (207/391; 52.9%) of HRM/SW users
reported that they were users of apps too.

Mobile Phone Apps
More girls (1307/2351; 55.59%) reported that they have apps
that measure PA than boys (1044/2351; 44.41%, P=.003). In
addition, as the age of adolescents increased, the more apps
owned to measure PA (P<.001). Among all the adolescents,
one in six (720/4467; 16.12%) reported that they were using
the apps to measure PA (Table 2).

Ownership of apps and meeting the PA recommendations was
not always positive (OR =1.11, 95% CI 0.94-1.30). Apps usage
was positively associated with the PA recommendations (OR
1.41, 95% CI 1.15-1.74) than adolescents without apps to track
PA, after controlling for gender, age, disability, and FASIII.

Hear Rate Monitors and Sport Watches
More boys (590/2051; 28.77%) reported to own or use
HRM/SW than girls 600/2362; 25.40%). One in ten (408/4413;
9.25%) adolescents reported to use HRM/SW. Almost half
(325/694; 46.8%) of the active users of mobile phone apps that
measure PA reported to have HRM/SW, although only 29.8%
(207/694) were also using HRM/SW. There were more
ownership and usage of HRM/SW in adolescents with higher
family affluence groups (Table 3).

There were stronger associations with HRM/SW and PA. The
association between owning HRM/SW and meeting the PA
recommendations was not necessarily positive all the time (OR
1.18, 95% CI 0.97-1.42). Adolescents who owned and used
HRM/SW were 2.09 times (95% CI 1.64-2.67) more likely to
meet the PA recommendations than adolescents without
HRM/SW, after controlling for gender, age, disability, and FAS
III.
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Table 2. Sample characteristics of users of smartphone apps and chi-square test of independence.

P valueSmartphone appsCharacteristics

Yes and used (%)Yes and unused (%)None (%)Total, n

.01Gender

327 (15.74)717 (34.52)1033 (49.74)2077Boys

393 (16.44)914 (38.24)1083 (45.31)2390Girls

<.001Age groups (in years)

259 (16.85)490 (31.88)788 (51.27)153711

248 (15.90)591 (37.88)721 (46.21)156013

248 (18.10)550 (40.15)607 (44.31)137015

.75Disability

109 (16.7)230 (35.3)313 (48.0)652With

608 (15.96)1400 (36.75)1802 (47.29)3810Without

<.001Family affluence

60 (12.7)123 (25.9)291 (61.4)474Low

326 (13.69)856 (35.95)1199 (50.35)2381Middle

334 (20.72)652 (40.45)626 (38.83)1612High

<.00160 min MVPAa

463 (14.29)1192 (36.79)1585 (48.92)3240Not daily

257 (20.95)439 (35.78)531 (43.28)1227Daily

720 (16.12)1631 (36.51)2116 (47.37)4467Total

aMVPA: moderate to vigorous physical activity.
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Table 3. Sample characteristics for users of heart rate monitors or smart watches and chi-square test of independence.

P valueHeart rate monitor or sports watchCharacteristics

Yes and used (%)Yes unused (%)None (%)Total, n

.04Gender

203 (9.90)387 (18.87)1461 (71.23)2051Boys

205 (8.68)395 (16.72)1762 (74.60)2362Girls

.07Age groups (in years)

142 (9.36)235 (15.49)1140 (75.15)151711

145 (9.40)284 (18.42)1113 (72.18)154213

121 (8.94)263 (19.42)970 (71.64)135415

.52Disability

54 (8.5)122 (19.2)461 (72.4)637With

350 (9.28)659 (17.48)2761 (73.24)3770Without

<.001Family affluence

21 (4.5)62 (13.3)383 (82.2)466Low

186 (7.89)357 (15.15)1814 (76.96)2357Middle

201 (12.64)363 (22.83)1026 (64.53)1590High

<.00160 min MVPAa

228 (7.12)557 (17.40)2416 (75.48)3201Not daily

180 (14.85)225 (18.56)807 (66.58)1212Daily

408 (9.25)782 (17.72)3233 (73.26)4413Total

aMVPA: moderate to vigorous physical activity.

Discussion

Principal Findings
The findings of this study suggest that over half of adolescents
own mobile phone apps that can function as PA trackers,
however, one in six reported to actually use the apps. In addition,
at the time of the study, a quarter of adolescents own HRM/SW
yet, one in ten used HRM/SW.

Phone Apps Are Popular for PA Tracking
In light of the official statistics in Finland, by the time
adolescents reach the age of 16 years, almost all (96%) of
adolescents can access the Internet via mobile phones [1]. This
high usage that was expected with the main reason has attributed
to the absence of landlines in Finland since the 1990s and has
encouraged mobile phones use among adolescents [43]. The
findings from this study reveal the majority of adolescents
(2351/4467; 52.63%) have sufficient interest in PA behaviors
to have PA tracking apps on their phones.

A poll found that downloading apps were the third most popular
function (82%), behind taking photos and messaging friends in
adolescents aged between 13 and 16 years from the United
Kingdom [44]. Data on electronic media usage reveals that three
quarters of Finnish adolescents aged between 10 and 14 years
use mobile phones and social media takes up the majority of
their free time [45]. Other activities such as social media, surfing
the Internet, playing games, watching videos, reading, and
listening to music can take up the most amount of time on

electronic media. Not all smart phones have, by default, PA
tracking apps. However, they can include hardware components,
such as accelerometers and GPS, which are key functions to
track PA. To enable these hardware components, users often
need to be aware of the functions, activate the apps, and feel
the desire to install the apps.

Previous research has shown PA as a socially desirable habit
[46], although in the case of these adolescents, one in six
reported to use the apps for the purposes of monitoring PA. The
availability of these apps on the phones, and low usage
highlights the context in which adolescents use the mobile phone
as an organic part of everyday life [43]. App designers may
need to target adolescents who carry their phone with them
everywhere, by encouraging a fun way that is also purposeful
to meet their daily electronic usage needs and at the same time
for self-input PA data. Games like Pokémon Go seem to have
a mechanism to achieve this. However, an update to this would
be providing more support by tailoring their existing PA levels
and providing feedback on habitual PA. This may spur on
interest in the differences between simply owning an app and
actual usage of apps.

There was a positive association between the usage of apps and
meeting the current international PA recommendations. The
apps connect with various sensors on the phone and translate
the data from algorithms to the user interface [47]. Despite the
varying levels of accuracy when the apps produce information
[24,48], it is a starting point for quantifying the self in PA
behaviors [21]. This type of self-quantification needs to be
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explored among digital natives since previous research has
excluded responses by adolescents aged between 14 and 17
years [13].

The international PA recommendations are there to encourage
children aged between 5 and 17 years to take part in daily
MVPA [7]. According to the results from this study, the odds
of active users of mobile phone apps to meet the
recommendations were 1.4 compared with the reference group
of nonowners of PA tracking apps. Apps have enormous
potential to provide personal and immediate behavioral
feedback. In control theory [49], feedback loops can direct
behavior toward desirable patterns. The positive reinforcement
by the feedback is more than self-quantification. Adolescents
can use the apps and connect to other users [47]. The individual
can share their results with their friends. This can encourage
users to be more physically active, to demonstrate the
recommendations are met, as well as bring up a point of
discussion between users for ways to take part in enjoyable
activities.

Apps that display information for personalized feedback can
motivate individuals to be more physically active [50]. This is
an important health promotion opportunity. One of the main
ways to combat noncommunicable disease is to decrease
physical inactivity. Along with the popular behavior theories
to support behavioral change techniques [51], researchers may
need to start thinking about how apps play a role in the
advancement of such developments. The results from this study
highlight the need for developers of apps and researchers who
use apps for interventions to recognize that an app is not enough.
Often one-size-fits-all in traditional health promoting
interventions do not work [52]. Through changes in software,
apps that read individual data can give more personalized
feedback [30]. This is important to reach the populations that
are physically inactive since, setting sights on an immediate
change to daily MVPA may seem too off putting for them.

Compared with other intervention methods, one main advantage
that apps have over other techniques are the tailoring
mechanisms for each individual. Apps can be programmed to
create easy-to-reach goals in the early stages of PA promotion,
and then slowly progress toward the PA recommendations and
beyond with the user in control. Therefore, it is recommended
that there are apps developments that take into account
segmentation in gender, age, dis/ability, and wealth.

Heart Rate Monitors or Sports Watches as Specific
Devices
Devices such as HRM/SW require extra user commitment such
as maintenance, care, battery charging, turning on and off.
Therefore, it was no surprising that users of HRM/SW had the
largest ORs for meeting PA recommendations. Moreover, it is
most likely that users of HRM/SW are early adopters of PA
tracking devices as they have already invested a large amount
of their time in PA and sports. The feedback loop, under control
theory [49], from HRM/SW has more emphasis than in apps.
Feedback from HRM/SW is readily available from a display,
usually positioned on the wrist. A quick glance can modify
motivation levels to take part in more activity so that the
individual meets the daily targets. Alternatively, the user may

be looking for confirmation that they have reached their target
so that they can choose other activities, such as school work,
socializing, arts, or just relaxing. These prompts are inviting
for users who would want a device to help them meet the PA
recommendations. However, motivational nudges to change
behavior have the risk of polarization. Whereby individuals
who do not meet the recommendations due to other difficulties,
resist the feedback and find new gadgets distasteful. Feasibility
studies from adolescents suggest that comfort, design, and
feedback features are more important than the usability and
effectiveness for increasing PA behaviors [30]. As with apps,
interventions with HRM/SW may need a tailoring approach for
effective health promotion in adolescents.

Today’s PA devices worn on the wrist have the capability to
measure the number of steps taken during the day and can be
compared with the recommended step count level that is
equivalent to 60 min of MVPA [53,54]. Physical and health
educators may want to start considering how to integrate this
knowledge into their messages. Furthermore, should HRM/SW
be proven to be effective in PA promotion, national agencies
may want to consider the creation of subsides to assist
purchasing of equipment, thus allowing pupils to learn about
self-quantification in the classes. This development is only the
beginning, as newer devices become more readily available,
with more functions, more feedback preferences, and at lower
costs [48].

Subpopulation Differences in Ownership and Usage
of PA Trackers
Tailoring of PA trackers may also need to consider the gender
differences reported in this study. More girls reported that they
had apps to measure PA than boys. Goal orientation toward PA
tends to differ between boys and girls; for example, girls tend
to take part in PA for enjoyment, whereas boys take part in PA
for its competitive nature [55]. Another issue could be the
changes in maturation between the genders during these ages.
During early adolescents, studies have reported that girls have
stronger digital literacy skills than boys [56]. Boys may know
less about the use of apps on the mobile phones [57]. However,
more boys who reported to have PA trackers reported to actually
use the apps and HRM/SW. The mechanisms to use the trackers
may be common only among boys who have an interest in the
behavior. Consequently, this would indicate that the use of PA
trackers were to support competitive motives through PA rather
than to be used as an intervention tool to promote more PA
behaviors.

There was an increase in the number of users of PA trackers as
the cohorts increased with age. Traditionally, there have been
substantial declines in PA levels to the users who are aged
between 11 and 15 [12]. Many potential benefits from these
designs are possible. At the age of 11 years, adolescents are
usually active, requiring fewer interventions than 15-year-olds.
Usually at the turn from young to mid adolescents, there is a
need to fit in socially [3]. Technology use to aid social
interactions is second nature for digital natives. Understanding
this phenomenon by digital natives is an important consideration
for health promoters as some traditional methods have low
relevance for young adolescents.
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It was no surprise that high family affluence was positively
associated with PA trackers. Although the majority of apps are
freely available to download from the mobile phone app stores,
families must provide adolescents with phones that have
sufficient capabilities for measuring PA. Moreover, the
combination of peripheral devices (HRM/SW) can be quite an
expensive acquisition for some families. Previous studies have
reported the association with higher family affluence and
increases in PA levels in adolescents [12], and it now extenuated
with ownership of HRM/SW, which was also associated with
more days of reported PA.

Adolescents without disabilities reported more days of MVPA
than adolescents with disabilities. However, the differences
were not strong enough to influence the statistical model. This
concurs with previous studies from mainstream school
populations whereby there were no significant differences in
PA levels between adolescents with and without disabilities
[58,59]. In this study, the differences among the various
functional differences were not reported neither since, of all the
different functional difficulty categories, only adolescents with
moving difficulties were significantly less active than other
adolescents [60]. The usage and ownership of PA trackers were
also indifferent between adolescents with and without
disabilities. These results can be used to inform health
practitioners to use mobile health apps and other devices as part
of targeted interventions for adolescents despite their health
conditions.

Study Limitations
The results of this study have some limitations. Data collected
were from a cross-sectional study design. Therefore, the
associations between devices and PA are not causal. In other
words, the results should equally be read so that adolescents
who are more interested in being physically active have devices,
as adolescents have devices do so to taking part in more daily

PA. Intervention and longitudinal studies might provide better
insight into the causal links, behavioral techniques to increase
PA levels, and commercialization of products to reinforce the
sense of athletic identity. More studies that utilize longitudinal
designs to investigate the relationships between PA trackers
and its influences on PA are strongly recommended. PA levels
were collected through self-report methods. There may be some
over or under reporting bias; however, because all respondents
used the same method, it has been possible to find the
associations between PA trackers and PA levels. In addition,
the items that measured PA trackers have not been tested for
meeting minimum reliability and validity scores. The results of
the studies were limited to an undefined use of apps or
HRM/SW. Future studies may consider development of these
items to help differentiate the types of users across activity
trackers. Future studies may need to improve the items used to
eliminate as much error as possible.

Conclusions
This study has reported the ownership and usage of PA trackers
among adolescents in Finland. It is an exciting time for
researchers as digital natives use accessible tools for their own
personal health. In this study, the appeal of PA trackers was
evident, as over half of Finnish adolescents have mobile phone
apps to track PA. The strongest association reported was among
the one in ten adolescents that have HRM/SW and took part in
daily PA to correspond with the current PA recommendations
for health [7]. However, only 22.51% (548/2434) and 33.35%
(714/2141) of girls and boys, respectively, reported to meet
these recommendations. Other differences in age and wealth
were observed, although not in disability. More understanding
is needed on the mechanisms to build suitable apps and devices
for adolescents as they live through bodily and supportive
changes in the life, while promoting healthy behaviors. Apps
and device development would benefit from understanding the
individual differences in current PA levels and relative targets.
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Abstract

Background: Osteoarthritis (OA) is a leading cause of disability in the United States. Although no disease-modifying therapies
exist, patients with knee OA who increase walking may reduce risk of functional limitations.

Objective: The objective of the study is to evaluate the impact of a mobile app (OA GO) plus wearable activity monitor/pedometer
(Jawbone UP 24) used for 90 days on the mobility of patients with knee OA treated with hylan G-F 20.

Methods: Patients with knee OA aged 30 to 80 years who were eligible to receive hylan G-F 20 and were familiar with smartphone

technology were enrolled in this randomized, multicenter, open-label study. Patients who had a body mass index above 35 kg/m2

were excluded. All patients received a single 6-mL injection of hylan G-F 20 and wore the Jawbone monitor. The patients were
then randomized 1:1 to Jawbone and OA GO (Group A; n=107) with visible feedback (unblinded) or Jawbone only (Group B;
n=104) with no visible feedback (blinded). The primary endpoint was mean change from baseline in steps per day at day 90
between Groups A and B.

Results: Baseline characteristics were similar between groups. There were significant differences between the increases in least
squares (LS) mean number of steps per day (1199 vs 467, P=.03) and the mean percentage change (35.8% vs 11.5%, P=.02) from
baseline in favor of Group A over Group B. There was a greater reduction in pain from baseline during the 6-minute walk test
in Group A versus Group B. (LS mean change: −55.3 vs −33.8, P=.007). Most patients (65.4%) and surveys of physicians (67.3%)
reported they would be likely or very likely to use/recommend the devices. Patient Activity Measure-13 scores improved from
baseline (LS mean change for Groups A and B: 5.0 vs 6.9), with no significant differences between groups. The occurrence of
adverse events was similar in the 2 groups.

Conclusions: Use of a novel smartphone app in conjunction with a wearable activity monitor provided additional improvement
on mobility parameters such as steps per day and pain with walking in the 6-minute walk test in patients with knee OA who were
treated with hylan G-F 20. Results also highlight the amenability of patients and physicians to using mobile health technology
in the treatment of OA and suggest further study is warranted.
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Introduction

Osteoarthritis
Osteoarthritis (OA) is a leading cause of disability in the United
States [1]. From 2010 to 2012, an estimated 52.5 million
(22.7%) US adults reported doctor-diagnosed arthritis,
representing a net increase of 0.87 million adults with arthritis
per year since the 2007 to 2009 estimate of 49.9 million [2].
The prevalence of OA, the most common form of arthritis [1],
is estimated to double by 2020 [3] as predicted from the increase
in the number of US adults with clinical hand, hip, or knee OA
from 21 million in 1995 to 27 million in 2005 [4]. Estimates
suggest that symptomatic knee OA occurs in 13% of women
and 10% of men aged 60 years and older [5], approximately
17% of adults aged 45 years and older [4], and approximately
5% of adults aged 26 years and older [4]. Furthermore, the
number of people affected by symptomatic OA is likely to
increase as the population ages and the rate of obesity increases
[5]. OA of the knee can significantly contribute to pain and lack
of physical activity [2,6,7]. The resulting reduction in mobility
has also been found to negatively impact quality of life [8] and
result in an increased risk of sick leave and need for disability
[9]. A study using US national survey data found that
OA-associated absenteeism costs equaled approximately 3 lost
work days per year, totaling up to $10.3 billion in annual
absenteeism costs [10].

Management of Knee Osteoarthritis
To date, there is no disease-modifying therapy available for OA
[11]. Optimal management of knee OA requires a combination
of both pharmacologic (eg, oral or topical analgesics or
intra-articular therapies [viscosupplementation, corticosteroids])
and nonpharmacologic methods (eg, weight loss, exercise, and
physical activity) [12-15]. However, despite the well-recognized
benefits of exercise and the promotion of physical activity by
many professional societies [12,13,15], there is no standard
exercise or education program and no clear benefit of one
exercise program over another [13]. Information about the
benefits of exercise is readily available [12,13,15] but rarely
incorporated into patient behavior [16,17], and adherence to
such programs by patients with knee OA is poor [16,17]. There
is also no consensus on which measures or combination of
measures should be used to assess physical function in patients
with knee OA [18], complicating the initial assessment and
tracking of progress in mobility improvement.

Walking has been shown to significantly reduce symptoms and
the risk of functional limitations due to knee OA [19,20]. In
one study, patients with OA of the knee who walked 6,000 steps
per day or more reduced the risk of developing a functional
limitation by half within the next 2 years [19]. This suggests
that walking may maintain knee function. However, strategies
to encourage adherence to regular walking are clearly needed.

Benefits of Mobile Health Apps
Adoption of mobile health apps has the potential to improve
patient outcomes. Mobile health apps have been shown to be a
useful tool in weight loss programs [21,22]. In addition, the use
of short message service text message reminders has been shown
to improve health care appointment attendance across health
care settings [23], and there is evidence from a randomized,
controlled trial to suggest that monthly phone contact can result
in clinical improvements in patients with knee OA [24]. Patient
physical activity level has been found to increase in studies
using Internet- and mobile-based apps for postrehabilitation
exercise persistence in chronic obstructive pulmonary disease
[25], in physical activity maintenance following cardiac
rehabilitation [26], in regular physical activity engagement by
cancer survivors [27], in increasing walking based in the
workplace [28], and in promoting a healthy lifestyle [29].

The use of mobile apps in health care may be one such strategy
to increase physical activity and enhance OA management.
However, there are currently no published data on the use of
mobile apps for the management of knee OA.

The objective of this study was to examine the impact on
mobility in knee OA patients who were treated with hylan G-F
20 and standard of care follow-up plus a mobile smartphone
app (OA GO) and a wearable activity monitor (Jawbone UP
24) versus hylan G-F 20 and standard of care follow-up only
over 90 days. We hypothesized that patients using the OA GO
app and a wearable activity monitor would experience a positive
impact on their mobility compared with those not using the app.

Methods

Study Population
Consecutive patients with knee OA whom the physician
investigator decided to treat with one 6-mL injection of hylan
G-F 20 (in accordance with the US label) who consented and
qualified were enrolled in this open-label, multicenter,
randomized, parallel-group study. Study sites and physicians
were recruited using a detailed questionnaire and site
qualification visit. Patients were recruited from the selected
private community-based practices and research-only practice
sites. All eligible patients were able to read and understand
English and provided informed consent prior to starting the
study. The protocol complied with the 18th World Health
Congress (Helsinki, 1964) recommendations and applicable
amendments and with any applicable country-specific laws,
regulations, and guidelines. The protocol was approved by
relevant ethics committees and/or institutional review boards.
After working with the US Food and Drug Administration
(FDA) to initiate registration of the trial, the sponsor deemed
the study not eligible to be posted on ClinicalTrials.gov
considering that clinical studies using devices whereby the
primary outcome measure relates solely to feasibility and not
to health outcomes are excluded from registration. The FDA
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concurred there was not a requirement to register the trial at
that time.

To be included in the study, all patients must have had unilateral
knee OA and have been suitable for treatment with hylan G-F
20 based on the decision of the physician investigator. Study
sites were requested to report whether or not a knee examination
was performed or x-ray was taken but the results of these
examinations were not captured.

Patients were excluded if they were aged younger than 30 years
or older than 80 years, were unfamiliar with smartphones, or
had baseline pain greater than 9 on the 11-point numeric pain
rating scale (NPRS; pain ratings could range from 0, no pain,
to 5, moderate pain, to 10, worst possible pain) in the
target-for-treatment knee while walking on a flat surface.
Patients with bilateral disease were excluded with the exception
of patients who were treated in only one knee and had
contralateral knee pain less than 4 on NPRS while walking on
a flat surface. Patients whose baseline daily step average was
less than 500 or more than 8000 as assessed during the screening
and run-in phases were not eligible. Also excluded were patients
who had a body mass index (BMI) greater than 35 or life
expectancy less than 12 months, were currently using a wearable
activity monitor or analogous device, had planned surgery on
any lower extremity joint or any significant medical condition
that would interfere with study participation, were chronic
narcotic users, or were pregnant or breastfeeding or likely to
become pregnant. The protocol did not specifically exclude
patients based on use of previous intra-articular injections
(cortisone or hyaluronic acid).

Study Design
All eligible patients received hylan G-F 20. Participants wore
a commercially available activity monitor (Jawbone UP 24) on
their wrists and were instructed to remove the monitor only
during the weekly charging times and in situations where the
device would be submerged in water. Patients were randomized
1:1 (stratified by site) to Group A or Group B. The
randomization scheme was generated by the study sponsor and
stratified by site. Sealed envelopes, numbered in an ascending
order for use, were provided to each site. The envelopes were
opened according to ascending sequence to ensure proper
randomization.

Group A patients were provided with regular follow-up as per
standard-of-care (information on the benefits of walking in a
brochure available from the Arthritis Foundation) plus an
unblinded wearable activity monitor and a mobile app (OA GO)
(Figure 1). The OA GO app (downloaded to a trial-sponsored
iPhone 5 or newer) provided motivational messages and
requested that the patient enter pain and mood data on a
once-daily basis. Trial coordinators demonstrated app use,
provided charging instructions for the Jawbone UP 24, and set
the daily step goal based on patient’s baseline steps per day

during screening. The OA GO app combined continuously
retrieved data from the wearable activity monitor with data
entered by the patient to display the patient’s daily step count,
calories burned, and sleep. Daily and monthly cumulative
activity trends were available for the patient to review. Group
B was provided with regular follow-up plus a blinded wearable
activity monitor, with instructions to wear the monitor at all
times except during weekly charging and water activities. The
patients in Group B received standard-of-care instructions and
education but did not have access to activity recorded by the
wearable activity monitor. In this group, data from the activity
monitor were downloaded by the study team at last visit. The
study consisted of 5 visits: screening and baseline (days −7 and
1) with follow-up visits at days 7 and 30, and day 90, last visit.
The main study duration was 90 days. A poststudy adherence
check in Group A patients occurred at day 180, when data were
downloaded from the app (no visit).

Assessments
The primary endpoint was mean change from baseline to day
90 in mobility as measured by steps per day. Baseline steps per
day was the average over at least 3 days, and last assessment
was the average steps per day over the 7 days immediately
preceding the last visit. Change was calculated as the difference
between the 2 averages. Use of average steps per day avoided
bias due to any one particularly good or bad day for the patient.
The secondary endpoints were mean percentage change from
baseline in steps per day at each assessment visit (average of a
7-day period), and at day 90, mean percentage change from
baseline in the 6-minute walk test (distance and pain assessed
by the NPRS), patient and physician satisfaction with treatment,
percentage change in Patient Activation Measure (PAM)-13
questionnaire score [30], percentage change in sleep captured
by the wearable activity monitor (light, sound, and duration of
sleep), and Visual Analog Mood Scale (VAMS) assessment.
Treatment-emergent adverse events (TEAEs) were also assessed.

For Group A, the satisfaction of patients and physicians was
captured using survey questionnaires. The patient survey
consisted of 7 questions: the first 6 were answered on a 7-point
Likert scale related to the extent to which the patients
experienced changes (−3 to +3, where 0=no change), and the
seventh was a 4-point scale asking about their likelihood of
using the device in the future (not at all likely to very likely).
Valid questionnaires were those in which at least 4 of the first
6 questions were answered. A physician survey was similarly
constructed with a final question, using the 4-point scale, which
asked whether they would recommend the device in the future
(not likely to very likely). Physicians answered the survey at
day 90, before viewing the data, and must have answered at
least 3 of the first 4 questions. All responses to survey questions
were based on patient and physician observations and opinions.
The survey questionnaires were developed for this study and
were not externally validated.
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Figure 1. OA GO mobile app.

The PAM-13 [30] was used to assess patients’knowledge, skills,
and confidence for self-management at randomization and last
visit, with responses given on a Guttman-like scale that ranged
from 1 to 4 (strongly disagree to strongly agree). Unanswered
items were scored as missing. Raw scores ranged from 13 to
52, with higher scores indicating more activation; raw scores
were converted to activation scores, which ranged from 0 to
100, with a score of 100 corresponding to the highest degree of
activation. The PAM-13 is a reliable and valid measure of
patient activation with higher activation scores associated with
increased self-management behaviors and increased self-efficacy
with respect to patients taking charge of their overall health and
involvement in their care. As a result, the concept of activation

can be useful for evaluating interventions and for tailoring care
plans for individual patients in a clinical setting [30,31].

The VAMS was used to assess mood as captured in 8 domains
with raw scores transformed into T-scores with a mean of 50
and standard deviation of 10. The VAMS has been validated in
both normal and neurologically impaired individuals as a brief
measure of internal mood state [32,33].

Statistical Analysis
The Consolidated Standards of Reporting Trials guidelines were
followed [34]. A sample size of 200 randomized (172 evaluable)
patients (100 randomized [86 evaluable] per group) was
estimated to provide 80% power to detect an average increase
in the change from baseline steps per day of 25% for Group A
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compared with Group B, assuming a 2-sided significance level
of 5%. The variability was expected to be similar in the 2
groups, and an estimate of 58% for the coefficient of variation
was used in this calculation [35]. The sample size of 200
randomized patients assumed a drop-out rate of 15%.

All efficacy endpoints were analyzed in the modified
intent-to-treat population, which included all randomized
patients who had both a baseline value and an on-treatment
value for the primary endpoint on or after day 30. All efficacy
endpoint data comparing change from baseline between groups
were obtained from an analysis of covariance model with
baseline mean steps per day as the covariate and treatment
assignment and pooled site as class variables. They are presented
as least squares (LS) means with 95% confidence intervals (CIs).
Statistical analyses were based on initial verification of
parametric model assumptions, and a rank analysis of covariance
was then considered if conditions for a parametric model were
not met. To allay concerns by the readers, nonparametric
analyses are presented here. Patient and physician satisfaction
surveys at last visit were summarized.

Safety endpoints were analyzed for all patients provided with
a wearable activity monitor. Adverse events (AEs) were
presented as the number and percentage of patients experiencing
an AE. Multiple occurrences of the same event in the same
patient were counted only once. The denominator for
computation of percentages is the safety population within each
randomized group.

Results

Patient Disposition, Baseline Characteristics, and
Adherence
All patients had a knee exam at baseline, and 119 of 211 (56.4%)
had an x-ray of the knee. A total of 211 knee OA patients treated
with hylan G-F 20 were randomized (Group A=107; Group
B=104), and nearly all patients completed the 90-day
observation period (Group A, 104/107 [97.2%]; Group B,
103/104 [99.0%]) (Figure 2). Almost all Group A patients
(101/107) decided to continue using the OA GO app and entered
the 90 to 180 days adherence period, and 81/101 (80.2%) of
these patients completed the 180 days. Baseline characteristics
were similar between the 2 groups (Table 1) with a mean patient
age of 62.6 (SD 9.4) years. For the total population at baseline,
mean number of steps per day was 4276 (SD 1807) and pain
NPRS score on the 6-minute walk test was 4.8 (SD 2.2), with
127/211 (60.2%) patients reporting pain of 5 or greater. Baseline
PAM-13 score for the total population was 71.2 (SD 13.2),
indicating that patients were highly activated. Overall, 91.0%
of patients were compliant with the activity monitor (defined
as using the wearable activity monitor 80% or more of the time).
Group A had 103/107 (96.3%) patients and Group B had 80/104
(76.9%) patients who were compliant. Of the patients in Group
A who entered the 90 to 180 days adherence period, 36/101
(35.6%) were 80% or more compliant with use of the OA GO
app.

Figure 2. Patient disposition (a: 90-day observation period, b: 91 to 180 days).
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Table 1. Patient demographics and baseline characteristics.

Total

(N=211)

Group B

(n=104)

Group A

(n=107)

Characteristic

62.6 (9.4)63.6 (9.3)61.6 (9.5)Age (years), mean (SD)

105 (49.8)57 (54.8)48 (44.9)Male, n (%)

185 (87.7)98 (94.2)87 (81.3)Caucasian, n (%)

29.3 (3.7)29.3 (3.4)29.4 (3.9)BMIa, kg/m2, mean (SD)

4275.7 (1807.2)4271.5 (1837.0)4279.7 (1787.3)Steps per day, mean (SD)

6-minute Walk Test

4.8 (2.2)5.1 (2.0)4.6 (2.3)Pain NPRSb, mean (SD)

399.3 (112.6)395.6 (104.2)402.8 (120.5)Distance, meters, mean (SD)

PAM-13c

71.2 (13.2)70.6 (13.0)71.7 (13.5)Activation score, mean (SD)

aBMI: body mass index.
bNPRS: numeric pain rating scale.
cPAM-13: Patient Activation Measure-13.

Mobility and Pain
A significant increase from baseline to last assessment in mean
number of steps per day was observed for all subjects (916 [SE
14.4]; P<.001). Improvement in mobility at day 90 was
significantly greater in Group A than in Group B. LS mean
change in number of steps per day was 1199 vs 467, a mean
difference of 732 steps (95% CI 127-1337; P=.03) (Figure 3).

An increase in mean steps per day was observed for both groups
at each visit. The percentage increase in steps per day was
significantly greater for all visits in Group A versus Group B.
LS mean percentage change in steps per day for Group A versus
Group B at day 7 was 16.8% versus 3.1% (mean difference:

13.7%, 95% CI 0.7-26.7; P=.03), at day 30 was 40.1% versus
9.0% (mean difference: 31.1%, 95% CI 16.2-45.9; P<.001),
and at day 90 was 35.8% versus 11.5% (mean difference: 24.3%,
95% CI 6.9-41.7; P=.02) (Figure 3).

In the 6-minute walk test, Group A experienced a significantly
greater improvement from baseline to day 90 in LS mean
percentage change in pain versus Group B, −55.3% versus
−33.8% (mean difference: −21.5%, 95% CI −37.8 to −5.2;
P=.007) (Figure 4). There was also a numerical, but not a
statistically significant, improvement in LS mean percentage
change in distance in the 6-minute walk test for Group A versus
Group B of 18.2% versus 6.3% (mean difference: 11.9%, 95%
CI −1.4 to 25.1; P=.96) (Figure 4).

Figure 3. Steps per day. Mean change from baseline at day 90 in number and mean percentage change from baseline. Data are presented as least squares
means and standard error. P values obtained from rank analysis of covariance.
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Figure 4. Six-minute walk test. Mean percentage change from baseline to day 90 in pain during the test and distance walked. Data are presented as
least squares means and standard error. P values obtained from rank analysis of covariance.

Quality of Life
A greater number of Group A patients (68/104, 65.4%) reported
they would be likely or very likely to use the devices compared
with patients (36/104, 34.6%) who reported that they would be
somewhat likely or not at all likely to do so (Figure 5). A total
of 76 physicians answered surveys for 104 patients; 70 of 104
(67.3%) physician surveys reported physicians to be likely or
very likely to recommend use of the devices versus 34 (32.7%)
surveys reporting physicians to be only somewhat likely or not
at all likely to recommend their use (Figure 5).

PAM-13 scores improved from baseline to day 90 in both
groups. The LS mean change from baseline was 5.0% in Group
A versus 6.9% in Group B (Figure 6; mean difference –1.9%,
95% CI –6.8% to 3.1%; P=.99).

There were no significant changes in sleep from baseline to day
90 for either group and no significant differences between
groups. Changes in VAMS scores from baseline to day 90 were
also not significantly different between groups.

Safety and Tolerability
The occurrence of TEAEs was similar in the 2 groups (Table
2) with no new safety signals noted. Arthralgia (Group A, 8/107
[7.5%]; Group B, 12/104 [11.5%]) and upper respiratory tract
infection (Group A, 7/107 [6.5%]; Group B, 2/104 [1.9%]) were
the 2 most commonly reported TEAEs among patients. No
major AEs or treatment-emergent serious AEs related to the
device or protocol occurred.

Figure 5. Satisfaction survey results in patients and physicians. Only patients in Group A (n=104) and their associated physicians participated in the
satisfaction survey, which was completed at day 90.
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Figure 6. Mean change from baseline in Patient Activation Measure-13. Data are presented as least squares means and standard error.
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Table 2. Treatment-emergent adverse events.

Group B

(n=104)

Group A

(n=107)

38 (36.5)42 (39.3)Any TEAEa,b

Any TEAE occurring in ≥2% of patients

12 (11.5)8 (7.5)Arthralgia

2 (1.9)7 (6.5)Upper respiratory tract infection

1 (1.0)5 (4.7)Any serious TEAEsc

00Any TEAE leading to death

01 (0.9)Any TEAE leading to discontinuation of Jawboned

—1 (0.9)Any TEAE leading to discontinuation of OA GOd,e

aTEAE: treatment-emergent adverse events.
bAll TEAEs were mild to moderate in severity.
cSerious AEs included upper respiratory tract infection, transient ischemic attack, large intestine perforation, arthralgia and worsening OA, each in one
patient in Group A and cholecystitis in one patient in Group B.
dSame patient discontinued both devices; the TEAE leading to discontinuation was worsening OA.
eOA: osteoarthritis.

Discussion

Principal Findings
Walking has been shown to have a beneficial effect on
symptoms and decreases risk of functional limitations in patients
with knee OA [19,20]; however, 66% of patients with arthritis
reported walking for fewer than 90 minutes per week [36]. This
study showed that, in patients treated with hylan G-F 20, those
also using the OA GO app significantly improved their mobility
with an increase in over twice as many steps per day and over
3 times the percentage change in steps per day compared with
patients not using this motivating app. The increased mobility
experienced by the patients using OA GO was also accompanied
by a significantly greater reduction in reported pain compared
with that for those not using the app. In addition, most patients
and physicians expressed satisfaction with the use of the app
and wearable activity monitor, suggesting that they would be
amenable to the adoption of the technology in their clinical
practice and daily lives. The above findings as a whole are
clinically and socially important, given the recognition that
increased mobility is closely associated with improved quality
of life [8]. This study is the first to demonstrate that the use of
a motivating mobile app can increase mobility and improve
pain outcomes in patients with knee OA.

Implication of Study Findings
Use of the OA GO app provides direct feedback on mobility
function and pain (whereby steps and mobility become
surrogates for pain and function, assuming there are no other
reasons for decreased activity), which should give a more valid
and reliable report of pain over time as it does not rely on patient
recall of pain experienced. In contrast, visual analog scales [37]
and the Western Ontario and McMaster Universities
Osteoarthritis Index (used to assess pain, stiffness, and physical
function over a specific time frame [ie, the last 48 hours] in
clinical trials [38]) are both subjective measures that rely on

patients thinking back to how they perceived they were feeling.
Furthermore, symptoms of OA are often variable depending on
a number of factors, including patients’ activity level [7] and
changes in the weather [39], suggesting that pain should be
assessed in the context of ongoing physical activity levels. This
technology, therefore, is an objective measure of functional
improvement over time resulting from clinical interventions
provided to patients, making it not only a motivating device for
patients but also an important research tool.

In this study, the results of the distance portion of the 6-minute
walk test were not statistically different between groups.
However, this assessment represents only a very brief snapshot
in time; distance monitored continuously may be a more reliable
measure of improvement in patient mobility. Despite these
results not achieving statistical significance, those using the OA
GO app ended the study with an average of more than 5500
steps per day, which approaches 6000 steps per day, a level that
has been shown to cut the risk of developing functional
limitation by half within 24 months [19].

PAM-13 scores were also not statistically different between
groups in this study. The observed lack of statistical difference
between groups could be due to the high mean baseline
activation state of patients in this study (71.2 [SD 13.2]), which
may have resulted from the selection criteria (ie, selecting
relatively high functioning patients with knee OA) and may
have been higher than for those excluded from the study. Indeed,
the baseline activation score in this study was higher than scores
for the general population in the US (61.9 [SD 21]) and
populations with other chronic conditions (a US population with
diabetes and with/without other comorbidities, 57.1 [40]; a
Korean OA population, 56.0 [41]; and a Norwegian community
mental health center population, 51.9 [42]). Evidence suggests
that patients who start at the lowest activation levels tend to
increase the most, suggesting that patients in this study may
have been approaching a ceiling at which their ability to further
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increase activation levels may have been reduced, compared
with patients whose baseline activation levels were lower [43].

Limitations
This study does have some limitations. The patients studied
may not be fully representative of the general OA population
with respect to gender distribution (women are at higher risk
for knee OA than men [44]), and activity levels used as inclusion
and exclusion criteria were such that patients with low levels
(less than 500 steps per day) and high levels (more than 8000
steps per day) of baseline activity were not eligible for
enrollment. Patients with a BMI above 35 were also excluded
from the study. In addition, the Kellgren-Lawrence grade of
patients’ knee OA was not collected, so data could not be
stratified and analyzed in relation to radiographic disease
severity, which might have been helpful in clarifying some of
the study results such as the PAM-13 scores. The patient and
physician satisfaction survey collected important feedback but
is not an externally validated instrument. Moreover, the study
was short term, having been conducted over 90 days. Finally,
the study did not include an arm in which patients used the
motivating app and did not receive an injection, nor did it
include an arm in which patients used the motivating app and
received a saline injection (often designated as placebo).

Practical Considerations in the Use of Mobile Health
Apps
The practical aspects of incorporating a mobile health app into
treatment paradigms to improve patient mobility should be
further investigated. This strategy requires access to a

smartphone, which may be a financial barrier for some patients
[45]. Patients must also understand how the smartphone app
works and have the ability and confidence to use it effectively
[45]. Finally, with the ever-increasing complexity of mobile
apps, continual improvements in smartphones, apps, and
wearable activity monitors are needed in order to limit or prevent
technical issues (and potential data loss) that may occur with
routine operations such as software updates [46,47]. Continual
improvement helps ensure that data are captured accurately
while avoiding false positives and negatives [48,49].

Overall, the results of this study provide evidence that in patients
suffering from knee OA who received hylan G-F 20, additional
improvement was achieved in this study, based on mobility
parameters of steps per day and pain reduction, with use of a
mobile app and wearable activity monitor.

Conclusions
Reduced mobility in patients with knee OA can be a significant
issue negatively affecting quality of life and experience of pain.
Increasing patients’ motivation to walk and thereby increasing
their mobility may reduce these negative effects. Use of a novel
smartphone app in conjunction with a wearable activity monitor
provided additional improvement on mobility parameters such
as steps per day and pain with walking in the 6-minute walk
test in patients with knee OA who were treated with hylan G-F
20 (see Multimedia Appendix 1). These results also highlight
the amenability of patients and physicians to using mobile health
technology in the treatment of OA and suggest further
investigation is warranted.
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Multimedia Appendix 1
Patient experience of smartphone app use during the study.
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Multimedia Appendix 2
CONSORT-EHEALTH-v1-6.
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